PERBEZOHAT PO HETI 201 9

8l = it

CN 37-1466/S
PROGRESS IN FISHERY SCIENCES

%404 VOL.40 F4H NO.4



 E R %0 A T
oo BRI

i Al R 2 i R s

RCCSE

YUYE KEXUE JINZHAN (CNKT)

( )
(CODS)

(ZR)
£ 40FE 5 4 H (ASFA)

(CSA)

2019 £ 8 B (UPD)

(DOAJ)

B SRR
fiili vl (1)

................................................. (11)

.................................................................. (21)
I ...... (31)

................................................ (39)

.............................................. 4 (47)

Hsp70 ¢cDNA el (131)
(Pyropl a yezoeng S) l .....................................................................................

BAFIE ARS8 CN37-1466/S * 1980 * b * A4 * 184 * zh+en * p * ¥40.00 * 800 * 21 * 2019-08


wyl
图章

wyl
图章

wyl
图章

wyl
图章

wyl
图章

wyl
图章

wyl
图章

wyl
图章

wyl
图章

wyl
图章

wyl
图章

wyl
图章

wyl
图章

wyl
图章

wyl
图章

wyl
图章

wyl
图章

wyl
图章

wyl
图章

wyl
图章

wyl
图章


PROGRESS IN FISHERY SCIENCES

CONTENTS

Vol.40 No.4 August 2019

Dietary Methionine Requirement of Juvenile Tiger Puffer (Takifugu rubripes) -« - eeeseseseessmn s
................................................................................... ZHANG Qinggong, LIANG Mengging, XU Houguo, WEI Yuliang
Effects of Replacement of Fish Meal With an Animal and Plant Protein Mixture on Growth, Body Composition, and Physiological
and Biological Indices of Juvenile Turbot (Scophthalmus maximusL.) ===« HAO Tiantian, WANG Jiying, LI Baoshan,
SONG Zhidong, HUANG Bingshan, SUN Yongzhi, WANG Yaping, WANG Xiaoyan
Effects of Replacement of Dietary Fish Meal by Nannochloropsis sp. Meal on Growth Performance, Body Composition, and
Serum Biochemical Indices of Juvenile Turbot (SCOPhthal MUS MAXIMUS L.) w++wweerererereesseeneimii e
"""""""""""""""" HU Dongxue, MA Ji, WANG Chenggiang, QIAO Hongjin, WANG Jiying, LI Baoshan, SUN Yongzhi
Effects of Replacement of Fish Meal with Silkworm Powder on Growth Performance, Feed Intake, and Body Composition of
Juvenile Black Bass (Micropterus salmonides) =«««=-««=s«ssseeeeeeee RAO Yuan, XIANG Xiao, HUANG Xianzhi, DUAN Biao
Growth and Fatty Acid Composition of Juvenile Spotted Halibut (Verasper variegatus) Fed Diets with Fish Oil Replaced
DY SOYBEAN O +eeereseserestesssesete s
- ZHENG Jianming, ZHAO Jiejie, CHEN Siqing, CHANG Qing, YAN Junli, ZHU Zhifa, LIU Changlin, HU Jiancheng
Effects of Dietary Bacillus subtilis and Yeast Culture on Growth, Serum Biochemical Indices and Antioxidant Capacity of
Juvenile Hybrid Grouper (Epinephelus fuscoguttatus? x E. lanceolatusd) -« WANG Chenggiang, LI Baoshan,
WANG Jiying, HUANG Bingshan, SUN Yongzhi, HAO Tiantian, MA Changxing, ZHOU Ying
Analysis on Genetic Diversity of Three Breeding Populations of Largemouth Bass Using Formulated Feeds ««--««--xe-e
.................................................................................. FAN Jiajia, BAI Junjie, LI Shengjie, MA Dongmei, JIANG Peng
Use of Strontium Chloride in Otolith Marking of Japanese Flounder e
"""""""""""""""""""""""" SI Fei, WANG Qinglin, YU Qinghai, LIU Hongbo, JIANG Tao, YANG Jian, WANG Jun
Analysis of the Morphological Differences Between Hybrid “Epinephelus moara @ <E. lanceolatus 3" and Its Parents -
-+ LI Zhentong, CHENG Meiling, TIAN Yongsheng, TANG Jiang, MA Wenhui, HOU Yunxia, WANG Xiaomei, ZHAI Jieming
Turbot (Scophthal mus maximus) Biodiversity Assessment Using High-Throughput Illumina Sequencing to Analyze Juvenile
Turbot Intestines and Their Bacterial Cultures:---=-+-=* WU Huanhuan, WANG Weiji, LU Ding, HU Yulong, KONG Jie
Characterization and Recombinant Protein Expression of Interleukin-15 from Roughskin Sculpin, Trachidermus fasciatus
..................................................................... LIU Yingying, YU Shanshan, CHAI Yingmei, LIN Xiaopeng, ZHU Qian
Tracking of Shrimp Multiple Pathogens in @ SHrimp Farmy -« e
.......................................................................... WU Heying, WANG Xiuhua, YANG Bing, YU Danghui, HUANG Jie
Effects of Light Intensities on the Growth and Biochemical Characteristics of Laminaria hyperborea Young Seedling:---++=+-*
**LIANG Zhourui, LIU Fuli, DU Xinxin, YUAN Yanmin, LIANG Qidi, WANG Wenjun, SUN Xiutao, WANG Feijiu
EffeCtS Of Culture Conditions on Nutrient Composition Of &rgmm horna—l .........................................................................
..................................................................................... LUAN Qing, LU Fang, WU Haiyi, DING Gang, ZHAN Dongmei
The cDNA Cloning and Expression Analysis of the H5p70 Gene from Pyropia guangdongensis «««««««swrseerreesessssiesssseeeieees
................................................................................................... ZENG Jun, CHEN Weizhou, CHEN Zepan, LIU Haoran
Isolation and Identification the Pathogen of Pyropia yezoensis Green SPOt Disase: e eeererseremssremssisss
..................................................... LI Jie, MOU Zongjuan, YANG Huichao, MAO Yunxiang, YAN Yongwei, MO Zhaolan
Molecular Mechanism of luxR Regulation of Drug Resistance of Aeromonas hydrophilg ««««==««s«sseeereeeressrsesinnnee
"""""" MAUO Leilei, YAN Qingpi, HUANG Lixing, ZHANG Meimei, WANG Suyun, ZHANG Mengmeng, QIN Yingxue
Identification of the Host Interactors of wsv112 of WSSV by Yeast TWo-Hybrid: -« eseerseemseesmes
.................................................................................................... WANG Zhongyi, LIU Qinghui, LU Cuiyu, HUANG Jie
Effect of Different Artificial Reefs on the Community Structure of Organisms in Shique Beach of Qingdag «««-««s-seeeeeeeeeeese
.................................................................................... WANG Zhen, GONG Pihai, GUAN Changtao, LI Jiao, SHI Baibai
Karyotype Analysis of Collichthys lucidus LIANG Shuzhang, SONG Wei, JIANG Keji, CHEN Wei, LI Yu, MA Lingbo
Study of the Preparation of Compound Amino Acid-Chelated Calcium by Protease Hydrolysis of Scallop Skirts ««=+«««sssseeeeeeeees
"""""""""""""""""""""" JIAO Kui, GAO Xiang, YU Jia, WEI Yuxi, GAO Jie, ZHANG Xuemei, WANG Jinmei, LI Yujin

(M

(1)

2]

(€2))

(39)

(47)

(57)

(65)

(73)

(84)

(95)

(104)

(115)

(123)

(131)

(140)

(147)

(156)

(163)
(172)

(178)



40 % 4 Wl B o% U R Vol.40, No.4
2019 4 8 H PROGRESS IN FISHERY SCIENCES Aug., 2019
DOI: 10.19663/.1ssn2095-9869.20180525001 http://www.yykxjz.cn/

KIRT, REIH, AR, DER. LR mxH R b E R KRBTSR, ol Bk, 2019, 40(4): 01-10
Zhang QG, Liang MQ, Xu HG, Wei YL. Dietary methionine requirement of juvenile tiger puffer (Takifugu rubripes). Progress in

Fishery Sciences, 2019, 40(4): 01-10

LTEE %R 84 B X R o B BB RF %

Kikah " REFE HEE? TER’
(L RlRERSK= 5k B 2013065 2. PEUKFREADFRBE K= BEST T 8 266071)

WE EEEHERT 2550, 030%. 0.60%. 0.90%. 1.20%. 1.50%% & 8 # & 6 4% 4
ERerAR, BAEABRNEREELIF N 0.61%. 0.85%. 1.10%. 1.39%. 1.60%. 1.84%, Xt41th
1K 4(13.83+0.63) g B 41 # % J7 4 (Takifugu rubripes)4h /£ £ Wk K £ H#EAT T 76 d B "B = 52
T, RIHEARNWFERE, AXEXYN, YAHNFTEARKTE 0.61%AEHE 1.60%0, 218K )
i W FF € 4 K F (Specific growth rate, SGR). 77 £} 2 % (Feed efficiency, FE). % & 2 & b (Protein
efficiency ratio, PER)#] & & 7 5 (P<0.05), H# 7% 1.60% 4 B FH& AE., ¥, FE £ KEE 1.39%.
1.60% 5256 41 T 1 3% 2 7 (P>0.05), EMEZR AR NI —F AT, FEEKE, AREE. BAKE
RHEARTHENESE;, RARKTNTEANRELA L EYWP>0.05); 7R+ EARAKF T2
aHEAEZNHE AT TR RNHY, BELAARMES. Ko HEL T EEZF(P>0.05); M
FERAB KT TG, AFKH (Hepatosomatic index, HST)Fr fJi 4 H, (Viscerosomatic index, VSI) £ 3, % 7+ &
HTH, EEAREEN 1.60%HAE RE, DEGTELAR 0.61%4(P<0.05), §5HMALEF
Z5; NEFHW =6, BEARNEE, MERARKTNAGEAR EAGHERROAS, A
BERABATIHMLEFLHEEER, aXEREallEE. KEEREAHEERE, SEaKTFRAEHR
BB, BV AN EM L EFEYW(P>0.05), MRE EKEAIFNIBITFIAT — 0 2K E H dh o
M AFHIRE H(13.83~8247) g 2T R 4 2 W B A B TR E O 1.38%, 1 7 BHE & Ui 2.71%.
KA MEAET MY, REARFRE; £KMERE; RAn; £E AR

FESES S963  XEARIRED A XEHRS  2095-9869(2019)04-0001-10

TR A i R T, 2 SRR 2 A
& AR TEY . FREARPEARER)R, &
NAE A8 A A TE AR T AL B R T, 20 ik Il 2 PR
JE A BEBHLARMSCR T o R, R I T 4R
FIB R B, 7R 28 BN E SE IR i, EE AR
SRR, AW 10 PR R —Fh, 1E
RN R AT SRS, EEAR) ZS 5 0RMI0
P AR, AT LIS S5 S-IRH PR A L,

SRG LA AR S F R R 2 5 ALK Y 28 2RAR 3 oo 2
(Baker et al, 2006), &R LLZ 5 4GR . GRRRNE . Wh
152 HEL R0 EC At 9% B A T2 A (Brosnan et al, 2006), [R]AT
AR Z A8 WPk SR 5 — B ] 1 2 5L 1R (GofT et al,
2004), FIHALE TR, HRARKE 1Y EZ R
k2 T EURRHCR A K T (Mai et al, 2006). 1 H
7EUT % (Oncorhynchus mykiss)Z&fi:Fl fa s R B, %
MR AR S = R R, i8S B R (Cowey

* AR 7=l B AR AR R % T % 45 (CARS-47)% Bl [This work is supported by China Agriculture Research System

(CARS-47)]. 3K, E-mail: 592565638@qq.com

O WIEE . BT, A5G, E-mail: liangmq@ysfri.ac.cn
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1992) . HE B AEH i & it i A 20 19 DU AT ik T 1 A=
K77 A 7 TR0 (Poppi et al, 2011), AHERFSE R,
WOH MR A R OK T B R R 1R
(Micropterus salmoides)([% 73 #4 %5, 2010) . K #
(Larimichthys crocea)(Mai et al, 2006). ZE##(Cyprinus
carpiovar Jian )(Xiao et al, 2010)4 45 £ K% | 1A
BHEALRCE . BT, BNAC LT TIRZ K T 0K
ERAMREFFTRWOIIE, WE T F 6 (Paralichthys
olivaceus) (Alam et al, 2015). B s X 24 (Ictalurus
punctatus) (Harding et al, 1977). H A& ffi (Anguilla
japonica) (NRC, 1993), Ki#fli (Mai et al, 2006). firiffy
(Lateolabrax japonicus) . (Zhou et al, 2011) %= & fa
(Rachycentron canadum) (Zhou et al, 2006) . Z##(Xiao
et al, 2010)55 Z Fh %0 0 28 (1 FE 2 R T oK

41 fi 75 J7 fifi (Takifugu rubripes) & R IK, H B XS
T B 3R 2 7 I T Y R BT R E PR AR
(E UL, 2008; Sungsam, 2009)FIAE I (FIBHZE, 2013;
Takii et al, 1995)%5 J7 [, X} 8 & R 18 HL 75 2K & 19 0T
FEEAR WA . S5 T, ASHESR R FHR - 200
PRVIAN [ 3 E R K - X F 208 ARy ol A K MR RE | fa Ak
21 BRI S A AR FR AR IR 5 ], Ay ] fii & FH LA ARDRH)
W& S HERE S AR -

1 #REFE
1.1 LRt

AR S B AL 1) B G T RS EE RN 0.3%.0.6%
0.9%. 1.2%. 1.5%M DL-8RZAMR ., Hrh, HAmRNWA
RN 99.3%. LA AMAE RN EARNE AN
Y, BCH G 6 FhAS [m] 2R 2 R A B /KT 1 4 RS IR 1Y 2
K, SCeR iRk Iy AR A R 1. % 2,
Hr, &A . BBUKE45Z2 ] Kin 55(2009)
Kikuchi 4¢(2009), & IR IR Y S IS R0 6E AR 7
Bl LA SRR AL (R R IS, 2011, 4llE, &4l
Tk SE PR AR R 2 i o 0.61%. 0.85% . 1.10%.
1.39%. 1.60%. 1.84%, XNt iR Rk F LAY 1.20% .
1.67%. 2.16%. 2.72%. 3.14%. 3.61%. kK2
Mt 80 Hif, HHRM/NEFIKEMINY, Z4R
G 5], oK) e ik /N RUORE DRI R LA
3~4 mm, KEH 3~5 mm FPRERE, 55CHT A,
TAET—20°C ok

1.2 LWBEMFEEE

T 85 457580y 1 B KA A A 244 £
B, BRSO R I 7 4, BOEE R A

GRS kL, SEIR TR LR, S8 —iLSEaR Lk 24 h,
Wi I Bt AL 22 A o B . AARAR B 5T Y . BREE SR A
18 /M (500 L), Bl H A 30 B AR E Ny
(13.83x0.61) g]. ¥ 6 FHalRIRAHL IR E] 18 M4, 4
FhviERE 3 AN L SE ], B K 4 51T 07:00,12:00
16:00., 20:00 UL EHEME, i 4 SC 00 M (R 1)
3% ME, WARFRM I, & 2 d AR 1 Ok, PRAFAR
BEFIARIC IS I, SCO0HFEE 67 d.

Fet K IR, 2 9% DUE . BPIEE HEA
ok, RIHZENTK RS (B RTKEE N 4 md),
Jfe 172 7K SEERN], WA T 6 mg/L, SRR
WP P LLRARE NOGER T . SRR, KEh
22°C~27°C, #HJEHN 24~26, pH H 7.90~8.05,

1.3 SCIGENHF

SIS TE AR T REAILE 10 J2 21 68 78 7 i 4y £ 4 Ry )
hfa, T IEFRRD . SCREs Ry, YLk
24 h, SRJGXTEARAIEATIEC. FRE . AR BEHLE
4 BEgfh, -20°CORAE, F TR W BERE
MU 6 R, kB, MmEEEAFT 1.5 ml B.O
b, BHEKE 3000 r/min B0 3R M ERE, R
T -20CokAE & F o B 6 A fe vk b, B
JEAERALA, 33T 2 RS, EARA
W, Z IR R RN -80°C KA, FH LS AH SR Y
M 5E o

1.4 &EWUSH

SO AR . ARDRHEURLR f A R L RIS T
KA. KA E , YIS BE(AOAC, 1995) k1T,
Ko S HA052) CH R T, MK STEHD
B 550°C ERAIBET s AR I 7 i 2R G4 2
7€ (Foss Tecator, Hoganas, Fiit); ¥ H A& = AL
IG5 A 5 (VELP, UDK 142 automatic distillation
unit, VELP, Usmate, MB, & KF). Tkl &FmR 5 BT
K R PR K fift v am o Z B R 4 A (H 7. L-8900, H
A E

I ¥ Ml 3G A1 BRI 35 B (Mindray) 23 w4 7= 1
LX-20 #J Beckman 4= [ 251k 40 1A K H it £ it
FIVHAT BT o FENEAS TR Il . A R S IS 150k
FH RS 5 AR W) T AR AE S BT AR 350 2
1.5 HEAEEREITHHAE

¥ e 4 K K (Specific growth rate, SGR, %/d)=
100 [In(Z AR )~ In(W) b 1 E) /52 96 K KL

% (Feeding intake, FI, %/d)=100x 1) 5
P /[ S50 R B (W IR R A+ 2R R E)/2]
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T B3 K (Feed efficiency, FE)=fa{Ahf & (i &)/
ST E
T FZCE e (Protein efficiency ratio, PER)=(44K
PR ) K )/ B
5 H BTUURL K (Protein productive value, PPV, %)=
100> R 25 1 T A7 /2R LA =
JIE 3% £ (Condition factor, CF)=IA#H /ALK 3 (k&
Bf: gy HKHAL: cm)
*1
Tab.1

JFAA H (Hepatosomatic index, HSI, %) = 100 xJF
/R E

JE A EE (Viscerosomatic index,VSI, %) = 100 x4
110 EWAEER N

SCIG K DL B £hR ME TR (MeantSE) £ 7~ , i
A SPSS 16.0 i 47 ¥ K F& J7 2 43 HT (One-way
ANOVA), 725K 8L F 7K (P<0.05), IR AR
15 Z H# H % (Duncan’s multiple range tests).

KL RRHEL 77 RALFHBU(% T )

Formulation and chemical composition of the experimental diet (% dry matter)

J5i#l Ingredient

fAkE 1 Dietl 44} 2 Diet2 fal%l 3 Diet3 %} 4 Dietd fafl 5 Diet5 1%} 6 Diet6

£ 4} Fish meal 25.00
=1 Soybean meal 30.00
B Gelatin 6.00
/NE ¥ Wheat meal 11.89
WIHE Dextrin 5.00
BRI S W*" Amino acid mixture 7.81
A R Methionine 0.00
A& MR Glutamate 1.50
i3 Fish oil 3.00
5. Soybean oil 3.00
YIRENR Lecithin 1.50
A4 KIR A Y*? Vitamin premix 0.80
WY IR A *° Mineral premix 1.50
Wil — 445 Calcium dihydrogen phosphate 1.50
S 1LABFK Choline chloride 1.00
4k C Vitamin C 0.50
&t Total 100.00
fk2#2H 1% Chemical composition%
# 2 F Crude protein 51.10
HLAEW; Crude lipid 9.41
JK43 Ash 8.70
% X Methionine 0.61

25.00 25.00 25.00 25.00 25.00
30.00 30.00 30.00 30.00 30.00
6.00 6.00 6.00 6.00 6.00
11.89 11.89 11.89 11.89 11.89
5.00 5.00 5.00 5.00 5.00
7.81 7.81 7.81 7.81 7.81
0.30 0.60 0.90 1.20 1.50
1.20 0.90 0.60 0.30 0.00
3.00 3.00 3.00 3.00 3.00
3.00 3.00 3.00 3.00 3.00
1.50 1.50 1.50 1.50 1.50
0.80 0.80 0.80 0.80 0.80
1.50 1.50 1.50 1.50 1.50
1.50 1.50 1.50 1.50 1.50
1.00 1.00 1.00 1.00 1.00
0.50 0.50 0.50 0.50 0.50
100.00 100.00 100.00 100.00 100.00
51.67 51.23 51.26 51.26 51.08
9.37 9.43 9.56 9.90 9.80
9.09 8.73 8.51 8.46 8.46
0.85 1.10 1.39 1.60 1.84

o EIERIR A Y N kg FRHRMELUT 2050 . K& 7.7 g5 AEMR 1.2 g;

BREAMR 1.1 g; ER 11.8 g;

R 15.5g; FEEm 6.7 g; KINEM 2.3 g; HEM6.2¢g; AR 1.5¢g; WMAMS. 1 g; FMRSg; BWEMS ¢
2 ik ZR AW (mg/kg IRAY): BME, 2.5 mg; ZEE, 4.5 mg; IRMMISEE, 2 mg; 4E/EE By, 0.01 mg;
EYE, 012 mg; 4EAZE K3, 1 mg; IEE, 80 mg; 2R, 6 mg; MR, 20 mg; MR, 2mg; #EEE A, 3.2mg; ik

#D, 0.5mg; 4K E, 12mg; KK 867 mg

TR AW (mg/kg IRAY): HALEN, 0.2 mg; BULER, 0.08 mg; FALET, Smg; BRMRH, 1 mg; G, 8 mg;
BiMREE, 5mg; BMREE, 120 mg; WEAR 45, 300 mg; SMLHN, 10 mg; #hfrkr, 551 mg

*!1: Amino acid mixture provides the following amino acids for every kg feed: arginine 7.7 g; histidine 1.2 g; isoleucine 7.1
g; leucine 11.8 g; lysine 15.5 g; cysteine 6.7 g; phenylalanine 2.3 g; threonine 6.2 g; tryptophan 1.5 g; valine 8.1 g; taurine 5 g;

hydroxyproline 5 g

*2; Vitamin premix (mg/kg premix): thiamine 2.5 mg; riboflavin 4.5 mg; pyridoxine 2 mg; vitamin B, 0.01 mg; biotin 0.12 mg;
menadione 1 mg; inositol 80 mg; pantothenate 6 mg; tocopherol acetate 20 mg; folic acid 2 mg; vitamin A 3.2 mg; vitamin D 0.5 mg;

vitamin E 12 mg; wheat flour 867 mg

*3. Mineral premix (mg/kg premix): NaF 0.2 mg; KI 0.08mg; CoCl, 6H,0 5mg; CuSO,-5H,0 1mg; FeSO, 7H,0 8 mg;
ZnS0O,4-7H,0 5 mg; MnSO4-4H,0 120 mg; Ca(H,PO4),-H,0 300 mg; NaCl 10mg ; Mordenzeo 551 mg
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Tab.2 The amino acid composition of the experiment diets (% dry matter)

BHER Amino acid Kl 1 Dietl  fdkl 2 Diet2  fak} 3 Diet3 Akl 4 Dietd  fikl 5 Diets  fik} 6 Diet6
B Val 2.00 2.01 2.15 2.19 2.02 2.10
FHE MR Met 0.61 0.85 1.10 1.39 1.60 1.84
G AR lle 1.87 1.81 1.81 1.89 1.82 1.90
LA Leu 2.97 2.91 3.04 3.02 2.95 3.09
N R Thr 1.54 1.55 1.67 1.79 1.55 1.79
HINHAMR Phe 1.61 1.67 1.71 1.79 1.70 1.74
WAL Lys 3.08 3.11 3.23 3.12 3.10 3.15
&R His 0.89 0.88 0.91 0.97 0.90 0.94
KA@M Arg 2.51 2.60 2.66 2.68 2.58 2.58
LR Cys 0.89 0.86 0.88 0.91 0.89 0.82
-T2 Tau 0.75 0.70 0.71 0.76 0.71 0.70
REATR Asp 2.92 2.94 3.08 3.10 2.81 3.09
1% &2 Tyr 0.99 0.97 1.07 1.11 1.08 1.10
225 R Ser 1.26 1.28 1.35 1.43 1.27 1.45
BRI Glu 6.43 6.22 6.20 6.12 5.82 5.35
A Ala 2.35 2.48 2.60 2.64 2.43 2.60
H&FR Gly 2.00 1.98 1.97 2.08 1.95 2.10

AT et G TR, BIEZEARIK TN 1.60%
2 FHR PRAEIR R, BERET 0.61%4 B4 (P<0.05), Hri,

2.1 FARHPERBRKENIERFTEHER, WRF
P70 8 44 28 B 32
e 3 Rkl SR K VX 216 ARy il A A M BE 1Y
SN, TR 4 SRR K Y- S35 R MR £ A D 14
(P<0.05), FREA KR IARRCRME HRCR Ui

=3

BB KRIE 1.39%4HM 1.60%HTLRFEER; XT
B, 1.10%A0 20 25 T 1.60%40 #E4H (P<0.05),
HoAl 45 4 TG .3 22 5 (P>0.05) ; HE 2 R Bifi 1 Bl 2 A R /K
TR T RS TR, HARR 1.39%40 B 35 5 i
Fr, EET 0.61%40 4] (P<0.05), 5 HALALIC
22 5(P>0.05) ; Ik R /KT X 2R (H DTBRE A
FRE (P>0.05).

TR E RBR KT X AL BE AR 77 SEAE KIS RERY S M

Tab.3 Effect of dietary methionine levels on growth performance of T. rubripes

TR A R /K F Dietary methionine level (%)

F5%7 Index

0.61 0.85 1.10 1.39 1.60 1.84
A & IBW(g) 13.73+0.06 13.72+0.05 13.78+0.06 14.03+0.25 13.84+0.11 13.74+0.10
fi {AFH E FBW(g) 70.73£3.34°  79.91£1.77°  82.38+2.52°  90.3442.70°  91.84+1.06°  79.59+1.33°
AL % SR(%) 88.89+4.01°  94.44+5.56°*  97.78+1.11° 87.78+2.94%  76.67£6.94°  94.4442.22°
B R FI(%/d) 1.88+0.01° 1.91+0.01% 1.920.01% 1.95+0.02° 1.90+0.01% 1.90+0.01%
FhEE KR SGR(%/d) 2.15+0.02° 2.32+0.02° 2.35+0.04° 2.47+0.04° 2.49+0.03° 2.31+0.03"
AR R FE(%) 0.95+0.01° 0.96+0.01°° 0.98+0.01°° 0.99:£0.02%° 1.01£0.02° 0.99:£0.02%°
HARCR L PER 1.85+0.01° 1.90+0.01% 1.91+0.02% 1.92+0.04% 1.97+0.03" 1.94+0.03%
HEHVIBIE PPV(%) 34.62+0.48 34.61+0.46 36.02+0.60 35.73+1.16 36.66+0.69 35.94+0.65

T =3B E A B AN RING PR R R 4R A A 35 25 57 (P<0.05), A

Note: Data within the same column with different superscripts are significantly different (P<0.05), the same as below
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P 4 N TRDREER SR KT X AR 2 R A8 A
IS o AR B 2 R KT e LR . KA
JIEL 3 B2 G . & 52 (P>0.05) ;. XA pRRLIR I . ik
Fo. R, HER 1.60%H B EET 0.61% 34
(P<0.05), (HRHE HEARKFHE—LT e, 28
FRER RS, (05 A4 25 A 83 (P>0.05).

Fz4

W 2188 AR T R AR R S DR A AR
KA T IR A AT , A3 SR AR KR S iR
IKI —IRHIZR RNy =0.526X+1.455%+1.449(R=
0.8787). HEI 1 Al Hl, qEHEZARK TN 1.38%, Hik
Tk Y 2.7 1%, 21 88 7R i 1) 4 o A KRR 3

o
B R o

AR E R BRK T3 & (KB R FI R AR IE IR B S0 (%I )

Tab.4 Effect of dietary methionine levels on body composition and physical indicators of T. rubripes (%wet weight)

kR & R /K Dietary methionine level

F8 4% Index

0.61 0.85 1.10 1.39 1.60 1.84
HLE [ Crude protein(%) 19.63£0.42  19.67£0.33  19.46+025  19.21£0.30  18.94+0.32  19.14+0.12
MR Crude lipid(%) 5.40+0.25%  5.54+0.14%®  5.75+£0.05®°  6.01£0.21®°  6.22+0.30° 5.63+0.35%
K5y Ash(%) 2.98+0.09  2.98+0.06 2.89+0.04 2.98+0.08 2.83+0.08 2.85+0.03
/K43 Moisture(%) 71.3740.55  70.98+0.41  71.37+0.24  71.14+0.58  70.86+0.61  71.49+0.34
JF& [ Hepatosomatic index(%)  7.70+£0.33%  7.68+0.24%  8.53+0.40°®  8.16+0.16®  9.05+0.50°  8.08+0.29%
A [t Viscerasomatic index(%) 11.90+0.35%  12.02+0.17%  12.98+£0.49"  12.61+0.08"™  13.7240.52°  12.73+0.36™
fIE3# % Condition factor 4.34+0.15 4.09+0.07 4.14+0.09 4.01£0.21 4.19+0.13 4.10+0.13
27 0.85%. 1.84%AbFHZ(P<0.05), HithZH b JC i %2 5%
B 23] —t (P>0.05); 64 AU /K 5 1L 38 ) LA 5 it
%m-?//k/ﬁ/’— ? A EIESE0.61%H R E T 0.85%.1.10%.1.60% .
g2t 1.84%b FRAL(P<0.05); 2 UK PXH L8 75 7 i
ﬁm}hwmummwmw %*%E%@%\%%Eﬁéaﬁﬁﬁ\ﬁ%ﬁﬁﬁ
%m_ R>=0.8787 X138 FEREEE, S8 SN EN . FEREIC D
s L A S (P>0.05).

05 07 09 1.1 1.3 1.5 1.7 19 21
EEBRIKF Methionine level/%
LLEEZR Dy e s A KR Sk R
HIRAKP R R &k X &
Second-order polynomial relationship between SGR
of T. rubripes and dietary methionine levels

Bl 1

Fig.1

22 ARRESRRKENLEFRTEME. S
KENIEIRRI RN

5 AIRDRE R SR KT X 21 658 7R il i T A0
JE A B A AR AR AR . ANge S B, Bk R R K
ST T I H 8 A TS A I A B 3 R T (P>0.05)
1.10% 4b 1 29 v (9 JHF JOE 7% 5 5 20 il 05 Pk o 25 5 T
0.85%7F 1.60%A4bFH2H (P<0.05), 5 HAthAbFH2H Tg i 3%
255 5 AR AR /K T 3550 IR P H T =R R
, RAMRS RN 1.39%M A fm, HARS
H1.10%. 1.39%. 1.60%AbBEZH 35 55 T 1.84%4bH
ZH(P<0.05), HAth 4521 8] TG i & 22 57 (P>0.05); Tk}
BB R IR /K8 % L7 A RE R A = A R
ERR G N 1.39%. 1.60%EMAHBEET 0.61%.

# 6 N E TR KA L1 A7 LA =
PRAUM I o A3 6 Bz, fRDRHEE & MR XA
HRA 2 G R Y 75 1 BT 3 R IR (P>0.05), X HA
0 B B IR 1 I ) e S R K S S T s, SRR T
Ao

3 itig

3.1 fARRAREE SR IR T K
#HF) B 20

A5 R FH 700 - 28800 1k Sk iff o 2166 2R Jy Bl ) e
i B R oK i . LI R, ER AR = 4 R
BARM AR, i pEE AR 4 s, HRe e
AR B AR R FURACR R 2] T W E
e, RS EEAR K —2Tm, MERHT
BB R k5 2086 AR fli i i A H I =R L BT
PR 2 e AL PR 28 B R 21 B 1 AR L R 34— 0 FEARAIF 5T
MR SRR I T oK D A B IR T S W R R
HARE R IH . X5 1 4 8f(Ruchimat et al, 1997) .
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Tab.5 Effect of dietary methionine levels on physiological and biochemical parameters in serum and liver
J547 Ind Tl Z MR 7K Dietary methionine level(%)
g Index
0.61 0.85 1.10 1.39 1.6 1.84
JFIE Liver
RN E i GPT(U/g prot) 75.34+1.25 76.89+4.10 81.5449.17 70.34+1.92 75.99+3.90 78.72+2.48
A EE B GOT(U/g prot) 73.07£6.23%° 69.07+£2.46° 85.48+4.79° 72.39+2.92%° 69.39+£5.72% 73.17+1.94%°
Ifl7E Serum
N BF GPT(U/L) 33.00£4.73  24.67£2.33  32.00+5.13  41.00+5.03 30.33£1.45 26.67+6.67
R HEEZ B GOT(U/L) 49.5+10.5 57.67+11.84 57.50+12.5 77.00+4.58 57.00£12.34 49.00+3.00
H it =& TG(mmol/L) 2.09+0.13%°  2.10£0.09% 2.32+0.08° 2.36+0.09° 2.32+0.08"  1.87+0.05
BUEYHER TBA(umol/L) 1.67+0.07"  1.73£0.09™ 1.85+0.05"° 2.10+0.10°  2.03+0.12b° 1.60+0.10°
54 A [ i TC(mmol/L) 2.57+0.17  2.3440.14  2.39+£0.07  2.26+0.12  2.48+0.13  2.37+0.12
B A TP(g/L) 37.81+2.65 36.38+1.88 37.79+1.10 38.94+1.20 38.72+1.19 35.00+0.63
I GLU(mmol/L) 1.85+0.14°  1.36+0.08*  1.32+£0.12° 1.50+0.07® 1.30+0.12* 1.30+0.11°
s e S 0 B B HDL-C(mmol/L)  3.61+0.16  3.43+0.11  3.51+0.03  3.37+0.08  3.62+0.09  3.67+0.22
K% B R 2 (A E B2 LDL-C(mmol/L)  0.41+0.07  0.51£0.08  0.52+0.06  0.47+0.05  0.52+0.06  0.45+0.06
Fz o6 IANESERK T LEE R T EEAL P & EER A K AR E(%)
Tab.6 Effects of dietary methionine levels on amino acid composition in muscle of T. rubripes
SR T} 25 Z R 7K F Dietary methionine level(%)
Amino acid 0.61 0.85 1.10 1.39 1.60 1.84

LR Cys 0.96+0.08 1.1£0.12 1.1£0.15 1.1£0.01 1.16£0.16 1.13+0.22
HE MR Val 2.07+0.21% 3.1+0.34° 3.39+0.26° 3.3+0.01° 3.65+0.4° 3.56+0.44°
E AR Met 0.99+0.04° 1.6+£0.19%° 1.71+0.24° 1.43+0.01%° 1.87+0.27° 1.84+0.29°
FEZE R Tle 2.07+0.18° 2.8340.3% 3.15+0.14° 3.02+0.03° 3.35+0.38° 3.38+0.39°
T Leu 3.29+0.29° 4.82+0.61° 5.35+0.36° 5.12+0.12° 5.65+0.47° 5.61+0.54°
IR FR Thr 1.86+0.19° 2.88+0.4° 3.24+0.24° 3.06+0.1° 3.31+0.26° 3.26+0.31°
KN R Phe 2.4+0.17° 3.02+0.51% 3.64+0.34° 3.34+0.36% 3.46+0.32% 3.64+0.21°
MR Lys 4.3+0.47° 6.22+0.7° 6.66+0.38° 6.19+0.31° 6.76+0.44° 6.74+0.41°
2H % R His 1.12+0.09? 1.53+0.2° 1.8140.04° 1.74+0.04° 1.840.14° 1.77+0.19°
&R Arg 2.48+0.23" 3.81+0.47° 4.2240.35° 4.08+0.15° 4.47+0.36° 4.35+0.39°
TR Tau 0.88+0.02° 1.29+0.12° 1.49+0.08° 1.5+0.06° 1.71+0.18° 1.54+0.21°
REF R Asp 3.72+0.43% 5.76+0.76° 6.48+0.52° 6.15+0.17° 6.85+0.7° 6.61+0.9°
W& R Tyr 1.7+0.09? 2.37+0.38% 2.96+0.27° 2.5840.19° 2.74+0.17° 2.8740.1°
22 W2 Ser 1.6+0.17% 2.5+0.38° 2.940.21° 2.74+0.16° 2.93+0.19° 2.87+0.24°
HBE R Glu 5.96+0.67" 9.41+1.23% 10.46+0.95° 10+0.25° 11.2+1.1° 10.77+1.43%
N Ala 2.1440.2% 3.17+0.37° 3.53+0.3° 3.55+0.24° 3.69+0.23° 3.65+0.28°
H&Em Gly 2.83+0.22° 3.79+0.4° 4.3240.23° 4.16x0.11° 4.42+0.25" 4.34+0.35°

K ffi(Mai et al, 2006) . 4= fi(Zhou et al, 2006)5545
R—F JERNA] e R E ARG = 0, 51 T 2R
FAPA, BRI T HA SR e FIH, 8T
KAZH) T, WA R B R 23] T

ab A\
HEZs

AU

(fEFEE, 2006), MEAMRM EH, S EER T

A A B e ARG, SR T R AR

M2 T A K 32 B (Murthy et al, 2015).

T H ARG AL b, FTLL, It
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R 1) & HE g A X F AR AR 7 2, NIk, A
W N R DL 3RIR Sl st T & i 2 B R 1) B 75
Em o R A REARER AR B, (HF—8
SR 2 B, ek b A b e 22 R 1) 7 i 1K T 3/kg(0.3%)
BF, A BEAE N M2 5 B A SRR 1A SRR R, Xt
HH 2420 Jhe 2R G 25 e i R R, 2 e R e AN A
TET A &R BB 9 /E FH(Kim et al, 1992; Pack et al,
1995), TEAMIIEH, KPR ERRN & &R 0.86% 41,
B ERHE ) 1.67% 4 o AREERER, VIHRRE
J 13.83g MNLIEEAR Dy fl, DUy A KRN PR P bR
M U IR IR A AT, A5 R R Y T SR
TR 1.38%, SEBHEAMR 2.71%( AR
0.86%, mifAKIE M 1.67%). w5 THHIKE R

11.61g, AREE £ KRN PEN TR AR 2 1 (Zhou et al,

2006) 5 2 R 5 oK & 7 OB E 2.64%( e & R
1.49%); WAL TRIGETE N 1.23g, PFREdK
TN FR bR, 15 0 B R T oK it o ARk B 1 A R
1 (Mai et al, 2006)[1 3.34%(BEE R 0.67%); A A A
Hoh 37.88g, LIREE A K F NI M 8 hn15 R AR T
SRR AR ARG K T B (R TS A AR, 2010) 1)
2.75% (M Z R 0.30%) 20T o IA il 1) 2 B = iR 1)
ToRENZES RS HHMRE, H—] (82 A E
(B 22 55, [R) IS P B 52 SIS [R) 37 FH PR 558 10 B2 i)
WK/ R KR FREE AR R
IRV I | TR A R RDR} b LA 5 5= o
AYAH EAFE FH4%(Chiu et al, 1988; Cowey, 1995; Simmons
etal, 2015),

3.2 BRBKEXTEEHEBMEERERERm

AT, ERRAKTEN TaEHES . K.
KA B PE 2 T (P>0.05), {H XA RS i &
BT BEER, KW THERARYES S Ta6ER
TR RIS, R RZEET(Psetta maxima)
(Ma et al, 2013)[ & BUARMRL, FifiE 85 2R 7K1 |
T, ARG Do B 2 3 8 5 (R A K3 f6(Mai et al,
2006)F1 %% ff1(Zhou et al, 2006) 1) & 2 /R 75 R A 58
R E R KV B W R fa AR 7 7 5 e
5 47 Bt f11 (Epinephelus coioides)(Luo et al, 2005)} %
B, BT TR S B ARLE B i & it A
FFaE A B, A ep A JFE A EERIIE (A B Bt 25 2 2 R 7K -
BT R TGS, EARKTH 1.60%0 ik
Pl R . X 5EKEM P (Klatt et al, 2016) 9 &I —
2, MRSk BEARKE W BT mEZ 8K 5
TE R R (R 5 S 45, 2010)) AT K PG 2 #: (Salmo
salar)(Espe et al, 2008)F 55 H A — 2L, 1RkEHY R

PR AR, AL . AR L3 K . Espe 45(2008)
AR R 5 | S B IR EE RO XS ML I 25474 5
Walton 45 (1982)fE ML S i BFFE I Ny, SR LE B34 i
S PR R AL it 22 0 U B TR B Ak A IR R 45
£,

AR X T8 0 DORUR 38 o AP R 2 I R Y ik
ARG B . A, WU IR A
— T E TR . Alam(2015), BFSTIE
S, Pk AN R 22 SR R A X 25 5 e 21 o T (Paralichthys
olivaceus) WA K FMAE A4S &S ZREMRIMNA L. 7
K ¥ fi(Mai et al, 2006) 5 & B, LA g R
iR 7K~V 25 bifi 2 Dk v B K TR S B — R A
FH i JE e E kA% 7EAR IS i (Myxocyprinus asiaticus)
(RARZ, 2012)h 8, WLAH AR &R . 2R
A IR RN A R R 2 Bt A DR v AR R KT Y 1S
mEWE —MEFGEEHBE,;, AEEPIEA
(Oreochromis niloticus) ([ 52 %5, 2014)94, AL H )2
PR . AR EREA R B EES, i
() 2 R & AR A S B T — S T i E BRI
P, LRGSR G R EEA - RIS
Fha B R & Y T, Uil 1 Rl AR B R
BT, AR AR AR S s T, e
3 S 1) 2 R 5 B A% B R LU B A R T AR Y A Y
Ao
3.3 ESER/KFEX MFEFRFEPEXENIEIRA R

WA ARTT R . HIh R . ObE . RIE
e 25 i 8 1 T R AP %8 32 AR A 1 O I e ke A 5
T fek v AR R KT X 21 2R S RLAA i 7 A 7 52
M o JIEL 37 A AL P A o A 7 A Y — R B [ B )
T, REYTRRRE L B WAL Ak, A 3 AR T i) T Ak i
e, JETY IS (Romanski et al, 2007; Sirvent et al,
2004), 7£ %I (Rana catesbiana shaw)(i#] 1 B4, 2015)
MR B, S INGE R R BE 65 KA AT I3 e nowE
H, fEARWIEH, WA T HEE HARKTFETHE,
REPR B 2 BT, 038 H e IR DU 2 BT B A
P, MW R =B S E R BT, RUERERRKE 1
TR REAE I A A R, R B AR () S S
2014)AHARL, 3 Y A MR R W 35 e i H ol =R Y
i, {H7E 5 H 4R (Carassius auratus gibeilo) (Wang
etal, 2016) T LB, MEEEZAR S =N LA, ES
A H = ER AT 25 S s T R InobE , B R
IR 2 BT —Fh AR a3, X W] WS
L (MRARZL, 2012) B & 2R AR S, g
FA) IR 75 e S B R A — B
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TR ST AR R, X R S F AR A (Wang
et al, 2016) I AR, BEE EEARRAKF BT 5,
R T —F e T R R R, B AR
Thim 2 s AR 7 845, IR Y 5240 A BF SR
TERZ R AN R B o 5, A2 5 el #8128 1 5 S S
PE, BN E4E(Feng et al, 2011)F14: 5 1 (Xenobrama)
(Niu et al, 2013),

4 it

AHFGTEE R, TRl %) 8 A R AKX 21 6 AR
Tyt gl fa i A TDRLRI AR L SRR RCR A T
RN, FEARWR LI, DR AR KRNI 4R
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Dietary Methionine Requirement of Juvenile Tiger Puffer (Takifugu rubripes)
ZHANG Qinggong'?, LIANG Mengqingm, XU Houguo®, WEI Yuliang®

(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai  201306;
2. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071)

Abstract A 67-days feeding experiment was conducted to investigate the effects different levels on
the growth performance and biochemical parameters of tiger puffer [average body weight: (13.83+0.63) g],
and to determine the dietary methionine requirement for tiger puffer. There were six experimental
isonitrogenous and isolipidic semipurified diets which were formulated with the graded levels of
methionine (0.61%, 0.85%, 1.10%, 1.39%, 1.60%, 1.84%, respectively). Each diet was randomly assigned
to triplicate groups, and each group contained 30 individuals. Fish were fed fourth daily(07:00, 12:00,
16:00, 20:00) to apparent satiation. The result showed that no significant differences in protein productive
value (PPV) were found among dietary treatments (P>0.05). Specific growth rate (SGR), feed conversion
ratio(FCR) and protein efficiency ratio (PER) increased with increasing dietary methionine levels from
0.61% to 1.60%(P<0.05), the higest group was observed in methionine levels 1.60% group, and there
after showed a declining tendency with increasing dietary methionine levels from1.60% to 1.84%.
Hepatosomatic index (HSI) and viscerosomatic index (VSI) of the 1.60% methionine diets was
significantly higher than that of 0.61% groups (P<0.05), with further increase from 1.60% to 1.84%, HSI
and VSI decreased. The crude lipid contents of whole body were significantly affected by dietary
methionine levels (P<0.05), the 1.60% methionine diets was significantly higher than 0.61% groups (P<
0.05), with further increase from 1.60% to 1.84%, crude lipid decreased. while moisture, crude protein
and ash showed no significant differences (P>0.05). Dietary methionine levels significantly influenced the
contents of triglyceride, bile acid and blood glucose in serum (P<0.05), There were no significant
difference in total cholesterol, high density lipoprotein cholesterol, low density lipoprotein cholesterol,
total protein, activity of glutamic-pyruvic transaminase and glutamic-oxaloacetic transaminase (P>0.05)
in serum. Second-order regression analysis on the basis of SGR indicated that the optimum dietary
methionine requirements of tiger puffer were estimated to be 1.38% of diet (2.71% of dietary protein).
Key words Tiger puffer (Takifugu rubrpes); Methionine requirement; Growth; Body composition;
Physiological and biochemical indices

D Corresponding author: LIANG Mengging, E-mail: liangmq@ysfri.ac.cn
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EREMERTIEREMMNXETHE
K, A REERENIERATMm

ME##H ! FREY x ! REED BFL!
A ERF FEmi!
(1. IWERBEERBESHEVRRE IWARBEEESBERSLRE WE 2640065
2. BWEHERYE KEREEREER AR R O KRR AREFESTE SR PO
IKFES YA B O HIET R A RO B 201306)

WE AR EITS HEREHEE AN 53%, 2N 25K)/g) i L34k, DL 60% b f 448 k)
AER XD, TH AN X BSAHQ:1:3:2)NE4EEAER 40% (D2). 50%
(D3). 60% (D4)#1 70% (D5) 4 & 4, FRFE K % 8 4 4 (Scophthalmus maximus LA #6 4 E (53.0£0.2) g,
FTEH 84d, 4 KEM(08:00, 16:30)#% " 2 Kk, HEEAKEN 1.5%~2%, LHERT T, &
WEAZ G aFEER, ANAREAEERHLEFMEZFP>0.05); SxtEAML, D4 F1 D5 4
BEE D EFRWP<0.05); JEWHELED2 AR HEME, LE ST D3, D4 f1 DS 4(P<0.05); Mtk
H(VSD), AP B(HSD A 7 A (IS 3 72 D2 413k Bl (K (8, #58 F (KT D5 4(P<0.05); &4
MEABRRERITKEEY & o8 KPpFME G EEHTEEYWP>0.05); SHRH4EEHMEH
4 EEEFEH TAEH(P<0.05); 4 &KL 4EA DS 4T FKT X 4(P<0.05); &4 ALK .
MEH., HENfTR 24 EATEEFELZRP>0.05); E4EMEAEReN T 2 ENANELE
BEBRAMLFAERLELLZERHP>005); SERAHEERG T LELAERAHRAMATE A
B 75 ME(P<0.05); M 7& Bk EA4 D2 4% %% T D4 1 D5 41(P<0.05); M4k &4 D2 #1 D3 41§ %
KT HMh 3 4(P<0.05); D3, D4 f1 D5 AH W ZBREMEEEIeEAREA DL ZR T ELA M
D2 41(P<0.05); 41X 4108 [E B Ao (K 5 A8 & B /R E 3 B 1K T 3t JB 41(P<0.05); A& 41 2 [a] %9 M 5%
BB KL TR EER(P>0.05), HREREKW, EAEHENE AT HBER 50%EHTAHHAE
S 4h f KM B R A TR A (LA AT

KR KEW; EATMMEA; AN Ak, EFEA MR

FESES $963.73  XHEIFRIRAEE A XEHS  2095-9869(2019)04-0011-10

KEZZ6F(Scophthalmus maximus L.)JEFRFE I & B K M S P FRAE A, A B AT AT &5

* IR A H A & 1R (2016GSF115005) FIAH £ i BH 1140 (2017ZH066) 3 [7] %% B [The work was supported by the Key
Research and Development Program of Shandong Province of China (2016GSF115005), and Science and Technology Development
Project of Yantai (2017ZH066)]. #F#&I#, E-mail: haotiantian0805@163.com
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i (TR 5% %, 2003), HAET, T fbFRGE R 6F 2R
e A R i ARDRE , SR S 0 A 1 RO R R B R
TR R . SR, BEE AR BT Y B = Ak
R RGO, OB AR AR Bk, R, TR
AT B B B B A P R A A A S K SR BRI A
RS2 fE. BT, REERE BB T
ZEPTIEMEYEEM Y E DB b xb T b
(Oncorhynchus mykiss). XN (Dicentrarchus labrax)
SEHFFE R, SOMSFAE YA B — A AR Y e s L
BRI K 30%~40%, 1A iR A K (Kaushik et al,
2004; Dias et al, 2005); Xt W#F(Paralichthys olivaceus) .
FEEBFRRT TR R, ik . RS
B e BT 38 10%~20% , i AR i & £ 4=
K (Lee et al, 2012; g3k, 2015), Hit, XFFRE M
i P B 2R A 2R U, X S B — 2 1 PR R
FEBIAR M A S sl T 50% (FE2Emi4E, 2017; BRAEmN
85, 2016; 253T1H4E, 2016) Bk, AR AN TR & IR
HAETA, Pm AR K ARG mA A R, 2
T K it 7K A & DR b U 2 AT 58 Y DG B ) R )
i, BT IR AR I T E AR Z SR, A
BB . ABEIR SR T R R, B
A P2 AR R A A SR (P LRI SR, 2015), {HAAR
by T K A A DR R B R HTIE R DR IE o AT
TELRG 75 R B Y- i 1 PR SRRl 1, SRR IR
Jiz HAEBRA P R T EOR . AEAE R L XS R R
IR A E IR, e Ab T R M 28 SRR I A R
RIS, MEESHEIQ 1 :3:2), HHEE
PRIEE B A R A [ KPRy, X R 22 6740y £
AERAERE | U B A B AR SR PR AT IESY, BAER
TRER R AUSE 2 Ak, S RS B AR IR R T R
FERR AL ES K

1 #RtEAE
1.1 REER

SEHE AR . BEE A SR JEART.
A PR B SRy, A IR D IR . SRR R N
TR AL 2 1o f IR SRR I 11 2 B iAg 22 fal kb BR A
HTZEh: Mgmaphik by, REERER, Bt
B, ES TR KN 40%~50%, f)amiss TiksE
BT o AU i 1L AR T 2R e ARDRHUE 5 0 4
fit, SCERE S HSEAGRHENN 53%, GEEN
25 kI/g)iakl, DL 60%I1 fa by 4l AE X (D 1), TAf -
TEAER - FIERR « ARRQ 13 2)EARHR

40% (D2). 50% (D3). 60% (D4)F1 70% (D5)AY ks,
FR A f0 K %o BE AL 0 75 2 LR 2 A, S 0 A S S R
L 2 R A L2 2z R V- 45 b PRLZH 0 75 =R . BLAR
TEPRHAC 7 W3R 2. Tl s B IR 2H L 3.

F1 ARERMEEREANREEERNS
Tab.l Amino acid and nutrient contents of dietary ingredient
HiH AR Bl miEke SRR SR
Ttems Peanut Fish Stickwater Poultry by- Soybean
meal meal meal product meal meal
Asp 6.39 6.62 5.4l 5.47 6.08
Thr 1.49 234 196 2.72 2.12
Ser 2.79 323 284 2.97 2.72
Glu 12.00 8.54 931 9.74 9.84
Gly 326 452  4.07 6.04 2.30
Ala 1.01 429 4.16 4.38 2.32
Cys 1.83 0.89 0.35 0.91 1.15
Val 0.16 3.12 1.96 2.57 2.18
Met 1.39 1.76  0.50 0.93 0.18
Ile 335 279 227 1.98 2.00
Leu 1.86 536 4.45 4.20 3.87
Tyr 2.68 248 094 1.89 1.79
Phe 1.75 228 1.64 2.63 2.69
Lys 0.75 4.49 4.00 3.51 3.10
His 1.21 1.87 225 1.27 1.32
Arg 6.33 5.16 3.60 4.27 3.80
Pro 226 2.79 2.09 4.19 2.64
Cruﬁﬂegi)riltein 53.90 65.58 63.00 64.60  50.57
MU 2.10 6.15 7.51 10.84 2.40

Crude lipid

TR ER g Rt 80 H i, e FRDENEC 77 B Y
RIRA], # sy symA R, IREHA, KI5
IKBESY, ZRMRTERT AL T8 ELAE N 3.0 mm il i
Kifkl, 60CHET 12 h, HEEFT-20CHEH.

1.2 XWHBEMIEN

S FH R ZE P [ 1) AR 2 S o= T SR A A BR A
F5 FH S 96 7E 1L R A8 R R S SRR AR I BE 4 K
PR RG AT . LRI IRZAT, LM FHRT d,
HIE RN SR AN . PIMES R m , 25824 h, Phikfdse
FUE 34— 1 R EZ BT 4 0 [ 9] 8 (53.0+0.2) g]FEHL 3 Aic 5]
154 SR [EATE SRR (B2 70 cmx 5180 cm, 7K
K50 cm), BB ESR, BANER30REM, B
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BN, ROKIRIERKIRE, EHDKIECS(6£)C, pH 1.3 FFRRE

Hh7.8~8.0, LhE K27~28, WA >8mg/L, HA SRR AR 24 b AT 2 R
<001 me/L, SERRRE<0.01 mg/L. FAVRMMELd. a5 pisng oy RO TR BE, 3FSERGRR | TR %
B RALIR2UC(08:00, 16:30), BB DREI  mipy o, wpmmpopLiL e 9 L, RN
1.5%~2%, $MATRZ TR A HK EDRSRIE 2 s P iR £h (MS-222) kI, 2 FRAE A fa /0T, Tl
HR, BOSURLTTRL &7 REHICRIL, ZJ5BAS IR, Fol, 9%

x2 AREAFMEZERES (%Y
Tab.2 Formulation and proximate chemical composition of the tested diets (% dry matter)

1% Groups

WiH Items

DI D2 D3 D4 D5
fa ¥} Fish meal 60.00 36.00 30.00 24.00 18.00
M Casein 11.00 11.00 11.00 11.00 11.00
TH Soybean meal 0.00 6.67 8.34 10.01 11.68
K Peanut meal 0.00 3.34 4.17 5.01 5.84
I K Stickwater meal 0.00 10.01 12.51 15.02 17.52
YK Poultry by-product meal 0.00 6.67 8.34 10.01 11.68
a3l Fish oil 6.00 5.60 5.2 4.9 4.6
A-TEHR} a-starch 10.45 10.45 10.45 10.45 10.45
KEIIBENE Soybean lecithin 1.00 1.00 1.00 1.00 1.00
WilR &4 Ca(H,PO,), 0.50 0.50 0.50 0.50 0.50
SFALARHE Choline chloride 0.50 0.50 0.50 0.50 0.50
YRR R Mineral mixture® 2.00 2.00 2.00 2.00 2.00
Yir: ZHURK Vitamin mixture ” 1.00 1.00 1.00 1.00 1.00
=208 Betaine 0.50 0.50 0.50 0.50 0.50
B4k Antioxidant 0.05 0.05 0.05 0.05 0.05
i #R Lysine 0.00 0.22 0.27 0.33 0.38
HE M Methionine 0.00 0.10 0.12 0.15 0.17
412 Taurine 0.50 0.50 0.50 0.50 0.50
BRI RS CMC 6.5 3.49 2.74 1.97 1.23
41t Total 100 100 100 100 100
R4 Proximate composition
HL#E T Crude protein 52.95 52.75 52.89 52.73 53.32
MAERT Crude lipid 11.55 11.52 11.53 11.61 11.63
fiEf® Gross energy/(KJ/g) 24.76 24.75 24.80 25.18 25.12
K4 Ash 14.78 13.38 13.16 12.93 12.38

o a BRI BHme/ke AR TR ARL) : MgS0,-7H,0 3568.0 mg; KC13020.5 mg; KAI(SO,), 8.3 mg; CoCl, 28.0 mg;
ZnS0,4-7H,0 353.0 mg,; CuSO,4-5H,0 9.0 mg; KI 7.0 mg; MnSO,4-4H,0 63.1 mg; Na,SeO; 1.5 mg; CgHsO,Fe-5H,0 1533.0 mg,;
NaCl 100.0 mg; NaF 4.0 mg; NaH,PO,4-2H,0 25568.0 mg; Ca-lactate 15968.0 mg

b 4 R HUR R (me/ke FRHBURED : 4EE2 A38.0 mg; o-EF B 210.0 mg; 4i4EE D; 13.2 mg; HiEE 115.0 mg;
& 380.0 mg; iRFRMEMEAT 88.0 mg; {22 368.0 mg; MAMR 1030.0 mg; EWE 10.0 mg; MR 20.0 mg, 4K B, 1.3
mg; JLEE 4000.0 mg

Note: a: One kilogram of mineral premix contained the following: MgSO,4-7H,0 3568.0 mg, KCl 3020.5 mg, KAI(SO,), 8.3 mg,
CoCl, 28.0 mg, ZnSO4 7H,O 353.0 mg, CuSO4 5H,O 9.0 mg, KI 7.0 mg, MnSO44H,0 63.1 mg, Na,SeO; 1.5 mg,
C¢Hs07Fe-5H,0 1533.0 mg, NaCl 100.0 mg, NaF 4.0 mg, NaH,PO,-2H,0 25568.0 mg, Ca-lactate 15968.0 mg

b: One kilogram of vitamin premix contained the following: Retinol acetate 38.0 mg, alpha-tocopherol 210.0 mg,

cholecalciferol 13.2 mg, thiamin 115.0 mg, riboflavin 380.0 mg, pyridoxine HCI1 88.0 mg, pantothenic acid 368.0 mg, niacin acid
1030.0 mg, biotin 10.0 mg, folic acid 20.0 mg, vitamin B, 1.3 mg, inositol 4000.0 mg
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Tab.3 Amino acid of the tested diets

S 1% Groups

Amino acids D1 D2 D3 D4 D5

e EHERR Non-essential amino acide (g/100 g dry matter)
REFM Asp 456 450 460 450 473

Y2 FEMR Ser 272 280 250 245 251
BEMR Glu 9.04 9.00 9.01 9.05 9.44
HE&® Gly 322 320  3.00 3.08 321
WEMR Ala 298 280 275 279 294
EEERR Cys 078 080 079  0.81  0.69
B Z MR Tyr 179 180 170 171  1.50
i /R Pro 276 280 285 286 295
41t Total 27.85 2770 2720 2724 27.97
WA EFHEIR Essertial amino acides (mg/100 g dry matter)

AR Thr 222 220 212 209 214
HER Val 2.1 2.05 202 206 2.06
HEEMR Met 1.6 151 140 139  1.38
SRR le 173 172 1.68  1.64  1.67
ZEM Leu 402 390 375 3.63 371
FWEB Phe 227 221 215 208 212
&R Lys 378 371 3.68 359 373
HEAM His 115 120 122 128 132
R Arg 314 311  3.00 291  3.02
41t Total 22.01 21.61 21.02 20.67 21.15

Jei o3 B RN 38 oy N FR ., T AR EE R AR L o
IMAE 4°CH#EE 4 h, 4000 r/min Z5.0> 10 min, BUME .
B A R RAE T -20°C, fEI,

1.4 MEIERFFiE

SEu IR Pl K S 2 A UK 43I0 E R 105°C
HE1E 50 E (GB/T 6435-20006); HLH HRTHLK
SERIENSE (GB/T 6432-2006); i iR HIAR [ # ik
M5 (GB/T 6433-2006); MK 532K H 550°C KK E D
7E(GB/T 6433-2007); AEHE R H#AKEIL (KA, C6000,
Germany); SCH R fADEE K S5 0 2H 2 2 BRI R ]
4 [ Sh & LRI E {X (Hitachi L-8900, H A)%E .

AR bR MO RA R
1715 % (Survival rate, SR, %)=2 K B EU/W] 1R B A< 100

148 % (Weight gain rate, WGR, %)=(fi{AK & -
o ) /A0 AR E > 100

B R (Feed intake, FI, %/d)=(H &k /[(fa
A i+ ROK H)/2]/ 57 5 R £ <100

Al 2 % (Feed conversion ratio, FCR, %)=4% £ 7]

B/ ARG E X100

JIE# £ (Condition factor, CF)=ff /A i /fa A% 100

JIEAA o (Viscerosomatic index, VSI, %)= Il & /.
AR HE %100

JFAA H (Hepatosomatic index, HSI, %)=HT i & /4
AR HE =100

& H (Intestinesomatic index, ISI, %)=(J /i
TRAKH)>x100

1l V5 TN & MR %% #% [ (Alanine aminotransferase,
ALT) ., RA& AR5 #% il (Aspartate transaminase, AST) .
S5 H(Totol protein, TP), H # H(Albumin, ALB).
Bk 1k W% PR i (Alkaline phosphatase, AKP) . % % b
(Glucose, GLU), H i =& (Triglyceride, TG) . /& JH[#
I (Total cholesterol, TCHO). & %% FE NG & 14 JIH 7 i5
(High density lipoprotein cholesterol, HDL-C)FIK %
AR & F AH [ B% (Low density lipoprotein cholesterol,
LDL-C) ¥ % H14E 4643 Hr 1% (7020, H S, H )M 5E,
R & T AU 8 = A A e AT BRI o i ) B
f 2 MR & B
1.5 HBEFRITESHR

K] SPSS17.0 X i B dhe 47 B R &R 7 22 0 i
(One-way ANOVA), 572, WRH Duncan’s #f
TEZERE, BEKTH 0.05, SGilEdE LA HE
FrfEZE (Mean+SD)E R FE IR o

2 HBRE5HH
21 EAEARBEREMYRETLEEKEREF
(R EINEES: A

M1 4 AT, FRIEZSRIG , A4 BLE 0
£ 5 (P>0.05); SXFHRAMD)MHLEL, D4 Fl D5 itk
K P FH AR (P<0.05); 8 8 AR ] 1Y T g
A S, D4 F1 D5 4 8 &KX R4 (P<0.05), D2
D3 4 5% B4l 2 [H] UG g 35 22 55(P>0.05); &AL
RN Z 5038 G 3 22 5 (P>0.05),

22 ESEARBREMNMXEGLYERAFIERN
A

M2 5 g, BEEEAC LG R T, e R
e ETHE TR, 16 D2 4k 3R (E, 50 RA
Tl E 2 F(P>0.05), H2REEET D3, D4 fil D5
2 (P<0.05). MEMREL | BFUAR L AN 1R Lo 34 B AR kL
BRI R TR G LI #7E D2 48 2 /AL
H, D5 k3R mEE, H D2 5 D5 ZR2ZEREH
(P<0.05).
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x4 ESEOEREMYKRETLE S KMEREMFEARF R (n=3; x+SD)

Tab.4 Effect of replacement of fishmeal by compound proteins on growth indices and feed utilization of juvenile turbot(n=3; x +SD)

W Growps PVIIKTE SRIRE friE % B HEfr R {5 R A
IBM(g) FBW(g) SR(%) WGR(%) FI/(%/d) FCR

DI 53.01+0.05 105.28+2.27° 96.67+5.77  98.60+4.41° 0.96+0.01 1.14+0.04

D2 53.00+0.08 104.101.56 97.77+3.85  96.42+2.98" 0.95+0.02 1.1440.03

D3 53.10+0.18 104.44+0.45 100.00£0.00  96.69+0.89" 0.96£0.00 1.14+0.01

D4 53.13+0.24 101.96+2.07° 98.89+1.92  91.91+4.75" 0.95+0.03 1.18+0.06

D5 52.81+0.07 99.04+0.85 100.00+0.00  87.54+1.36" 0.940.08 1.21+0.02

TE: TAFVEEE EARAS Rl 2 4L 1) 7 7 2. 35 22 57 (P<0.05). T )

Note: Values in each column with different superscripts are significantly different (P<0.05). The same as bellow

®5 EAEREREMMAEETYEMRIEIRFIE(1=3; x£SD)

Tab.5 Effect of replacement of fishmeal by compound proteins on somatic indices of juvenile turbot (n=3; x+SD)

2H %] Groups REH5 B CF HEAA EE VSI(%) JFAA . HSI(%) A . TWR (%)
D1 3.26+0.08% 5.03+0.23° 1.4240.06 1.76+0.117
D2 3.36+0.03¢ 4.58+0.09° 1.21+0.03° 1.69+0.12°
D3 3.14+0.11% 4.89+0.23% 1.3440.04° 1.82+0.02°
D4 3.16+0.08% 4.89+0.15% 1.3440.04° 2.03+0.12°
D5 3.08+0.06" 5.36+0.13¢ 1.49+0.09¢ 2.22+0.04¢

23 BAEARERENMABEDEER S0P A H(P005), )
TSR K 7, A SIS 9B
32 6 U1, SIS & SR ETRERIBIRIIAE g g g e s 7 LA AL A TR A O
BF Q) 0 22 K5 R (9 3 R LRI (P> Sy (P>0.05); BEZFAL A D HEHIER 1B £ B KT
0.05). B RAUMLIG T & 3 W F @ TXHRAL(P< o, Cys 228 BTG RGE MR, & 50411 i
0.05)c Koy SFEMGES, 16 DS AUARIRARME, 5% 25T IR41(P<0.05); Tyr & & 7E D4 Bt 4]k 55

ME2H 22 5% 35 (P<0.05), & & s & H IR A EE, TR TR D2 41 444 Val Fil Met
PR ZEEELN AT LK Sy ML L HLIE 5 R 23 2 B T R (P<0.05).

*6 ESERBREMMAENHNEEKMSHRME(1=3; x +SD; %ILE(FW)]
Tab.6 Effect of replacement of fishmeal by compound proteins on proximate composition of the
whole body and muscle of juvenile turbot (n=3; x +SD; wet weight)

215 Groups JK 43 Moisture MM Crude protein ~ #MBNF Crude lipid K4 Ash
4xffi. Whole fish
Dl 76.21+0.29 16.36+0.54 2.22+0.10° 3.92+0.17°
D2 76.40+1.13 16.40+0.24 2.98+0.09" 3.75+0.09%
D3 77.25+0.28 15.88+0.14 2.88+0.17° 3.77£0.11%®
D4 76.76+0.36 15.92+0.15 2.86+0.14° 3.74+0.05%
D5 77.29+0.71 16.14+0.52 2.91+0.16° 3.59+0.17°
B WL Dorsal muscle

Dl 79.38+1.28 18.68+1.06 0.54+0.05 1.16+0.09
D2 78.95+0.28 19.32+0.42 0.53+0.02 1.17£0.04
D3 79.08+0.38 19.02+0.56 0.50+0.07 1.17£0.02
D4 79.43+0.33 18.79+0.31 0.47+0.06 1.16+0.02

D5 79.95+0.61 18.23+0.43 0.52+0.03 1.15+0.01
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xz7 EERBREMTREZESEE NS EELE K AIFIEN(g/100 g)(n=3; x£SD)

Tab.7 Effect of replacement of fishmeal by compound proteins on amino acid of muscle in juvenile turbot (g/100 g) (n=3; x £SD)

1% Groups

R FHB Amino acids

DI D2 D3 D4 D5

JE 75 F FER Non-essential amino acids
RINEZBR Asp 9.51+0.27 9.61+0.31 9.80+0.47 9.90+0.44 9.70+0.15
2R Ser 4.03+0.08 3.99+0.14 4.21+0.11 4.1240.17 4.04+0.06
BHE R Glu 15.83+0.35 15.94+0.52 16.53+0.54 16.48+0.62 16.10+0.21
ffi& 2 Pro 3.06+0.04 3.00£0.10 3.1240.08 3.02+0.09 2.99+0.04
HER Gly 4.50£0.13 4.49+0.19 4.56+0.12 4.4440.14 4.36+0.07
AR Ala 5.50+0.17 5.58+0.18 5.76+0.21 5.69+0.17 5.56+0.07
R Cys 1.04+0.06 1.18+0.01° 1.3840.03° 1.3040.03° 1.35+0.02°
=R Tyr 2.90+0.15% 2.82+0.16° 3.14+0.19* 3.19+0.12¢ 3.09+0.07%¢
41t Total 46.38+1.05 46.44+1.20 48.76+1.72 48.16+1.88 47.20+0.61

W R KL 2 Essertial amino acids
HKNEMR Phe 3.61+0.11 3.62+0.07 3.66+0.11 3.67+0.10 3.59+£0.07
iR Lye 8.07+0.26 8.18+0.24 8.34+0.36 8.41+0.29 8.15+0.12
HE R His 1.84+0.07 1.814+0.08 1.87+0.10 1.90+0.09 1.82+0.12
WA Arg 5.65+0.13 5.67+0.16 5.79+£0.21 5.82+0.17 5.68+0.07
I BR Thr 4.25+0.11 4.27+0.16 4.44+0.13 4.40+0.20 4.31+0.08
HAMR Val 3.43+0.03% 3.62+0.05° 3.65+0.05° 3.68+0.06° 3.6240.16°
EHR Met 1.98+0.04* 2.55+0.13° 2.69+0.06" 2.80+0.03° 2.7420.07°
SEHER Leu 6.96+0.19 7.02+0.20 7.16£0.28 7.20+£0.23 7.02+0.10
SRR Tle 3.45+0.29 3.52+0.06 3.39£0.01 3.50+0.15 3.34+0.10
A1t Total 39.19+1.57 39.92+0.36 40.81+1.69 41.38+1.44 40.18+0.79

T AT BUEIS AR LRSS R RN 22 57 135 (P<0.05), T ]

Note: Values in the same row with different superscripts show significant difference (P<0.05). The same as bellow

R e " . e PR PR(ER 8). SXTHRZHAH L, &R ALT ¥R E

24 EGEARBEREMNKSEHEMBZTEIRS o .
R PR Wb AST WIEAE D4 A DS 41REE T AL
™ D2 Fl D3 41; TP WRBEE7E D2 4lih5 iR i, W
eSS e REEm T REFGaEST T D4 Ml D5 4H(P<0.05), Hi2 55X MAEFARE

®8 EAEREREMELXNKRENYEMBFERIERIZII(1=3; x£SD)

Tab.8 Effect of replacement of fishmeal by compound proteins on serum physiological indices of juvenile turbot

ZH%) Groups

f54R Parameter

DI D2 D3 D4 D5

ANEE R ALT (U/L) 10.00+0.00° 11.33+0.57° 11.67+0.57° 16.33+0.57¢ 20.00+1.00¢
AEEEEEE AST (U/L) 45.00+1.00° 52.0042.64° 48.67£4.93*  105.33£10.11°  149.33+4.50°
BIEA TP (g/L) 47.47+1.32% 50.17+2.27° 46.30+4.13%  45.37+1.55° 45.40+1.04°
1711 ALB (g/L) 14.93+0.68 15.37+0.32 15.40+1.38 14.33+0.72 14.83+0.73
%P GLU (mmol/L") 1.04+0.03 0.72+0.07° 0.73+0.04° 0.96+0.03° 1.12+0.09°
Hih =F TG (mmol/L) 4.33+0.03° 4.38+0.15° 3.20+0.23° 3.54+0.29% 3.66£0.18"
JH[E & CHO (mmol/L) 7.12+0.20¢ 6.10+£0.07° 5.04+0.03° 4.63+0.24° 4.5140.02°
&SR 1 HDL-C (mmol/L) 4.5140.12° 4.1840.22° 3.76+0.16° 3.47+0.24% 3.30+£0.20°
K% ENEE A LDL-C (mmol/L) 2.17+0.16¢ 1.66+0.03° 1.4840.03" 1.07+0.07° 1.02+0.03°

PEBE R RS ALP (U/L) 34.00+2.64 33.00+0.00 32.33+1.15 33.67+2.08 34.33+1.15
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(P>0.05); #4020 ALB ¥k ALP W E £ 541
#(P>0.05); GLU kB LUl 1 T i RS TR e
LTHEa%, 78 D2 Ml D3 4B E (LT X 4L . D4 F1 D5
ZH(P<0.05); TG HeJE1E D3, D4 1 D5 4 K T %f
W& ZH 1 D2 2H(P<0.05); CHO ., HDL-C #il LDL-C #kJ&
PIRERAC LU i T e 2 R Rk, ST IRAIAR L, 4%
B4l CHO il LDL-C ¥R JE Y i 2 (% (P<0.05);
HDL-C ¥JE{E D3, D4 1 D5 £ % X5 B 41 fn
D2 #(P<0.05).

3 iFig

3 EREAREREMTRETLYE ERKMRE.
RRLF B EZ MR

AR AT, BE Y E A ER A
K B £0R) Xof R 35 B 40y £ B TG SR AT R, X
& B AR IR 5 F ek xof DR 25 6 &)y 0 %) i R A 7= AR A
., CAMREN, & 48H%E OB KZEFNE
BEH 30% 1 £k 23 b 25 BRI 0 A A K M e (P8 45,
2012), EAE AW HEERICAEEGEREL 40%09
O (A5, 2007), HEEARMFGR T, DMERN
R bR, 2 A SIEY R AR S0%I k5%t R4
To i 25 5, X R0 SO e R (R A
B—EMES, Y EA S aEEME G458 TH
wMER, $Em T E AR R AR H ) i
50%Z Itk AR, AT B A JE IR R BEE A LB Y

w, EAMYE A ZRPUE IR N S 28U R
T H 2R B {IK (Fournier et al, 2004), MR T4
frEK,

CA IR, sty E B a5 R A K
TR R3S PR AR 51 AR Y (Yigit er al, 2006;
Kader et al, 2010), {HEEARMR & HZ MERE R
FERE R B T 22 5%, W REJR R AR 5% fRD R
HAEEAR AR SARLZ I F iR
Fo— SR A AR 0 B -4 (B WIS, 2015), Bl T
TR AE T, PRUE T T K sh AR 9 2R AR Ry
J&, REEL AR R R B %,

A Q016)F 5 KB, 708 35 & A U,
R P S R A —E AR . FEARBFSE
AT AR VAR U BITE 40%K , B HE A A o 2
FACT X R, RAE G Y & B a5 R
VAR LA T —E R RS, X 5X21E%(2016)
WFFE 25 R —2L

32 ERERRBEREHNKRET LMK HFNE
ABFEEREW, P E S EABENARE,

Sz MK aAHEAGEY TR EESR . OF
WRE, UEGHEYEARaRE, SPEEIRGE
HLAG WG & = (A SE, 2016; Kader et al, 2012), {HA
R EhEY R A B AR5 HBg i T 4t
fEWi . B RNIER, nfEeMER 5EA
TR AR ARy LU R i, BRI BTSRRIk, T
AR E AR RE R RS, WA TA Bls I i fe 5
WG (T AkdE, 2018), DT A ARDR H ) i 5 T 1
W E, S T RN E R B REVREER, AR
i E5 0 Bl 2 A sh A B TR B9 T 5 T 5 (Sheng,
1994), BEARIEAPLEA T E—H058 . R TFEEGHEA
TR AR A T A A3 R ), AN [R) R S 3045t A 45
INANE] . TEC A I RZEEE | F S FIE i ff(Pelteobagrus
Sulvidraco) s & B, B A & H Bk X ik
KA &t R E M GEALSE, 2015; B M5, 2017,
Deng et al, 2006), {HEEAMFH, fIRIK 35w blE
BT SRS TR, MM A, o]
REEZAIEDEARTSANIUERN TS
Zn*", Ca*', Cu*'Fl Fe’'% 4R E T2 SN ER
ANEPER WS E, 1999), MR 5 1)
JoT BT AR, I B AR o R A

AR, 524G sh i) i g A o K22 6
iSRS . HLEE L HLIS K 2 38 TG B 3
s, X 5P E A ERK A LUK
(Kadera et al, 2012; Turker et al, 2005), M 8 5% ) FF
0T, SRR G R AR R X LR A 0 T A R R
SRR S AR B B Y TC B A, X R I AR S
Tl B2 A S HR 1 E HE AT PR ARG UL PR 22 R A o
5XFHRAMMEL, B4 Cys. Tyr, Val fll Met & &1y
PEDAN =y <k ==Y NS P g = N D N B S A AR =
FERR A R AR AL, AR ZFEMRITHFE S IR AE T
AR B AR AL (AR 25, 2015), BARHLIE T iE— 4
5t o

33 EAEARBRENNREFHEMEELIE
N A

T peh AR 1R DA YR 2 2 5 il 8 AR I VR A AR R A
H7A8k(Lim et al, 2011), Ye 25201 )WF5E M, BPff
SIFEY R R Ry X R R 1 A W R
{BJRAE— E R AR fa A il A AL b . AR5
SRR, ALT M1 AST K& BAR LGl 7 24 2 7
m R UL B E A R B A AR R K B T
. XTHARIFIEE G T —EMa, F30 ALT fil AST
KB B B M (Kouba et al, 2014), IfiLis TP WAL
D2 ik El e fE, A4 ALB S G E k225,
R WA & G S W 8 A AR 5 o R R
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FARIE AR = A T, X5 Lee %£(2012) A5
5L, TG, CHO, HDL-C il LDL-C 246 il ff1 {4
NE AR 8T ) B ZHE bR (Geurden et al, 2008), AR A 5T,
My TG. CHO. HDL-C 1l LDL-C ¥ #plE K
AR L REIR, SEANE S EASEEZ S
P E BN, &5 800 A IS TR
(Dias et al, 2005; {UHESE, 2016) Y AHCHF IR 45 R —
B, HFE K AT REE A B G 8 B R Aok e i) T
i, PR R & AR AR A S BT AR BE 2T g el A
(Panserat et al, 2008; Nagel et al, 2012), M50 T IfiL
T R 2SI S ) 22 1k o

4 it

1 84 d FREEMFR P, i FHE G shiY & H IR T
A RORACTARE 50% A4 2085 T AS 52 Wi K 32 6 A K R
TR R RN B L OR s XoF AIL P 2 R R 5 I G
Wi s (HJE, B A s & AR R T kg2
PR}, FEIRREAL T 1% TG .CHO .HDL-C 1 LDL-C
WREE . 25 LTk, DS RN TN TR, Y LR,
TR B - VAR XSRR=2 13 219K
HEAEER AR, RERREEN 50%,

& % x #
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Effects of Replacement of Fish Meal With an Animal and Plant Protein
Mixture on Growth, Body Composition, and Physiological and
Biological Indices of Juvenile Turbot (Scophthalmus maximus L.)

HAO Tiantian', WANG Jiyingl(D, LI Baoshan', SONG Zhidongl, HUANG Bingshanl,
SUN Yongzhi', WANG Yaping'?, WANG Xiaoyan'

(1. Key Laboratory of Marine Ecological Restoration, Shandong Marine Resources and Envionment Research Institute, Yantai
2640006; 2. Shanghai Collaborative Innovation for Aquatic Animal Genetics and Breeding, Centre for Research on Environmental
Ecology and Fish Nutrion (CREEFN) of the Ministry of Agriculture and Rural affairs, National Demonstration Center for
Experimental Fisheries Science Education, Shanghai Ocean University, Shanghai 201306)

Abstract A 12-week feeding trial was conducted to evaluate the effects of replacement of fish meal
with alternative proteins on growth performance, body composition, and physiological and biological
indices of juvenile turbot (Scophthalmus maximus L.). Five isonitrogenous and isolipidic practical diets
were formulated to contain graded levels (100%, 60%, 50%, 40%, and 30%) of fish meal (D1~D5); the
D1 group was used as the control. A protein blend of four ingredients (soybean meal, peanut meal,
stickwater meal, poultry by-product meal = 2:1:3:2) were used to replace the fish meal; subsequently,
amino acids were supplemented in the low fish meal diet to obtain similar amino acid profiles to the high
fish meal diet. Each diet was randomly assigned to triplicate groups of 30 fish [(initial weight, (53.0£0.2) g)]
per aquarium. The results of the survival rate, feed conversion ratio, feed intake, whole body moisture and
crude protein, dorsal muscle moisture, crude protein, crude lipid, and ash content did not show any
significant differences between any of the groups (P>0.05), whereas the diets with low fish meal content
(D4/DS) significantly reduced the weight gain rate of fish compared with the control diet (£<0.05). The
condition factor was significantly enhanced in the D2 treatment compared with the D3, D4, and D5
groups (P<0.05). However, the viscerosomatic and hepatosomatic indices were significantly reduced in
the D2 treatment compared with the D5 (P<0.05). The dietary inclusion of the animal and plant protein
mixture significantly elevated the whole-body crude lipid content (P<0.05). The whole-body ash content
in the D5 treatment was significantly lower than the control diet (P<0.05). The essential amino acid
compositions of the muscle were not significantly affected by the replacement of dietary fish meal with
animal and plant protein mixtures (P>0.05). The dietary inclusion of animal and plant protein mixture
significantly elevated serum aspartate aminotransferase and alanine transaminase activities (P<0.05). All
the substituted protein diets caused significantly reduced serum cholesterol and low-density lipoprotein
cholesterol (P<0.05), but only D3~D5 diets caused a significantly decreased serum high-density
lipoprotein cholesterol (P<0.05). The dietary inclusion of animal and plant protein mixture had no strong
effects on the total protein content and the alkaline phosphatase content (P>0.05). The replacement of up
to 50% of dietary fish meal with an animal and plant protein mixture did not impair growth or reduce the
feed efficiency of juvenile turbot.

Key words Scophthalmus maximus L.; Animal and plant protein mixture; Fish meal; Growth;
Physiological and biological index
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Hu DX, Ma J, Wang CQ, Qiao HJ, Wang JY, Li BS, Sun YZ. Effects of replacement of dietary fish meal by Nannochloropsis sp. meal

on growth performance, body composition, and serum biochemical indices of juvenile turbot (Scophthalmus maximus L). Progress in
Fishery Sciences, 2019, 40(4): 21-30

WREIGEMBREMNTKET L & EKIERE.
A 28 A% Fi 0 75 A L FE AR R

WMAE!? B ' FRET Fuse Y ERE? ZE P ks

(1. IR R AR Rt E R R R i b AOVARA RSB IR GHEE ST st g il Bif
WAL B 2013065 2. IREIGFESTIRSIEEN B IWARE B ESBEREAIERE MG 264006)

BE T R W% 4% 2R (Nannochloropsis sp.)# AR ¥ X K 2 8F (Scophthalmus maximus L.)%)
KPR AR A A AR R e, R WU R R R AR A AR 0%, 3.88%. 7.76%.
11.64%7F7 15.52%Hy oy, TR 5 MR E RPN, Nigs. N7y Nijess Nissr)o 8B4
RE 7(24.60 £0.02) g By K Z 87 4r 2 600 B, Ml 5S4, BA3NEL, BNELZ 40 RE, F
A 70 do R E T DAL A K E64) &5 ER(WGR), 74 KESGR), &HFEEE
(PER). 7 # £ #(FCR), H#E & % (DFI), /P& (CF)f R 7E £ (SR)H L &% £ F(P>0.05); 2)M %
ERRENIE i, 28 KA T4 ELEBKP<005), HES, A fAI>EELE
F % 7(P>0.05); 3)MiF % H B (LZM), #*MAE B C3, #MAZE B C4 B 18 B B (ACP)E /1 3 £ %
FARBRTRE S, 257 Ny, Nogsw Niess Nogg 23k 2 & A, HEFEHT Ny 4(P<0.05),
Nisso 20 5% 15 5% B2 B8 (ALP) B 2 (K T H b 41 (P<0.05), H A4 = 8 T 8% 2 % (P>0.05); 4)% %4 m
A A A L EE(T-SOD) . B30 Ak B8 F1 (T-AOC)Fn & At H ik 1t 41t 47 B (GSH-PX) 7% /7, ¥ &
S EFFETHNAYE, £ N AKEFAME, EREET Ny 4(P<0.05); 5) N6 2 & H ik = B
(TG)4 & B Z 1K T H M 41 (P<0.05), H M4 8K 8% £ 7(P>0.05), ¥4 4 % ¥ 2 E B (TCHO)
BERT Ny 4(P<0.05), & EMUA 2| 2= 74 8 FP>0.05); 6) 44 fuiF 4 ¥ 4 A B(AST)E A
ERTHEEANESE, Ny 43X 2 R/ME, 2FET Ny 4(P<0.05), #EH 4 AR % 2 5HALT)
EHEEFERT No 41(P<0.05), ARKY, REBLXHT, MHMEAKRERSERA LTSGR F
15.52% 0 e A K TR EEH, BR776%TEERGEERFERE S, BIKmAEATF,
KB O KEE; MMEIRENR; £k MEANKED
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WEE . B> AERN . R R, HEER
W SE, RIREICT EEREK I R Z —, dE
RN b B 282 — . faky @44 Bk il &
Tk e i FE AR BOR IR, (AR P R A ff S £
B 203k 2 s #4230 f K 4242 7= (Rana et al, 2009;
Krisetherton et al, 2009), & % T TR 2 [ 97 & o
TR 1 FRLOlsen er al, 2012), B skk > fo k)
AIEE AL T H KA 308 R i i 7 22—

FE W) 8 A7 AE DL 3% DR 2 35 TR 1 F- iy [ Rt
(Thompson et al, 2012), 1ERZZEFEL G FAA )4 H
FLf Ak . WFoE 2RI, R 4s 8 LN RE AR 17% 19
FK3 T 6 R 22 B &) i 1 A= K AS PR AR S2 e (Day et al,
2015); FoRE HBOEEEF L AR 21% YR
HAE KM B IR R RO TG I 3 25 57 (Regost et al,
1999); & A MW R IR 20.7% 9 0k i 5 AR K 32
if 4y £ ) A K PERE (BRAE, 2012), ole, andtlfateR
¥ (Nannochloropsis sp.). /NEKEE(Chlorela) I M2 TiE i
(Spirulina), TA NI 20 FHE 5L . ZFh 4
R ITER , LA I R RN JRR B2 55 v B AN TR RN
i 2 (Yamaguchi, 1996 ; Emma et al, 2017), =&t
& H AR OB Xl (Carassius auratus) (£174,
2015), F I (Oreochromis spp) (Olvera-Novoa et al,
1998) FIML 8 (Oncorhynchus mykiss) (Dallaire, 2007)HY
TR A, Tl B A 35 B 1 ol X AR K TE Il
FHo Mk, FREFEQ018)WFE R, 10%1HHE 5 51%
BAMYE AR 35%0 k), A5 RS2 W) A
KEfE, HAefedbR g, FRARmEE R EL, 1M 10%H
WES SI%ERHEWEAMEN 35% ok 24
R T A K MR

PSR BR B R A M T e, B TR ]
(Ochrophyta), ELHR 5 4X(Eustigmatophyceae), i iyl
Fl©, & THFE, BHth, SAFEMRAGRNE
KERMINE R, v g 6e S fbt Ak g
(CREMAE, 2010), H&A F 60 S AN,
Ju R EPA(CARENSE, 2005), T AR w5 fe R 1 ol i)
KB IR (FLIE5E, 2010; Marques et al, 2006), H
H 8 TG T s 2 AR 2 B IC 5 AL o 108 R A
KHGE, I, AN B TERE I ER R m S a
WX REZWEA A L IR AR . AR 4 P e e AL T
AEACTE BRI, R S A 7 K A TR Y 0L
RS,

1 HRSEE
1.1 SEIGiZit

A0 A0 R S 2 AR DI, AU e bR B

By 3 AR EE R GRDRE R 0L 3.88%., 7.76% . 11.64%Fl
15.52% ) f A, il 5 A& A 55 B Y SC B ARDREH(NG |
Nags. N7zew Nitess Nissa), No HXFIR4L 7e4 8
2 A S N S AR R R | R R FORS =R, RS
TRk rh b R AR B P o RDRHIC T B R 2 L
# 1,

1.2 IHEBREMRE

S [ SRR SR A R A R, FRGH S TR
LR A8 g B2 U8 5 PR B I Y e 97 9 S 30 = 0647 1EX
SCUOTHT, L MTEFRIE ARG YIFE 14 d, IR0 xT
HRLE G . SCEG AR 24 h, PRk IR 1A (24.60+
0.02) g 9 600 FEAZE6TL 0, BENLSS 5 41, BB 34>
HE,RAEE 40 B, R R E R R 2 7 (08:00
Fl 15:30), MR NOIKER 1%~2%, WRIEEEN
DLVR A BEIEAE R 0.5 h 22 A HERR I, R,
THAGR I & FRIEIAEE : AR HIE KAl (4% 80 em,
70 cm, JKIEHN 50 em), ZKiECA(17.32+0.20)C, pH
H77.8~8.2, iR R 28~30, WHHE>S mg/L, AR . WY
FRA4<0.1 mg/L,

70 d FRIATIAE RS , AN 24 h, ISR EHAR ALY
FEVGECGR TR R, TR G E 4 BEPLI 3
T 2aE e, R 15 BIEARK . &
&, IR, RIS, 53 e BEFITFE L,
IR E, ITEMARL . WH-20CHRE, HTH
BT, DL EBOREBIE vk L ilb AT . FEAE 4°C VKA
8 4 h, BI040 B (4000 r/min, 10 min), BT,
—80°CHRAF, FHFIN A i i A BEAfb FR b

1.3 MERERMER DT *E

B H AR (WGR, %)=(W, — Wo)/Wyx100
FE 4 KR (SGR, % /d)=(In W, — In W,)/dx100;
HH R (PER, %)=(W, — Wo)/(FxP)x100;
Tk R BU(FCR) = F/(W, — Wy);

H 45 3% (DFIL, %/d) = FI/[(W, + W,)/2xd] x100;
AR (VST %) =W, / W,x100;
JIE# B (CF) = W, / L*x100;
% ZR (SR, %) = N, / Nox100;

K, w RS RIAE (g), W g MR
H(g), d NFFHREL, FRHBETIEE ), P Rk
HH AR E I & (%), W, AWRBERTRE, L SR
K, NSRS R AR, Ny b SE) o i A .

Tk B BV S A3 BT %, KA SR A 105°C
HEFH L 5 (GB/T6435-2006) ; HLEE F il & 2%
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F1 EARERREFAR(THR)

Tab.1 Composition and nutrient levels of the experimental diets (% dry mater)

1% Groups

JEUBL Ingredients

NO N3.88 N7.76 N11464 N15452
[ fe4 ® White fish meal 50.00 48.06 46.13 44.19 42.25
KEH4i 11 ° Soy protein concentrate 25.00 25.00 25.00 25.00 25.00
B ERS Squid meal 1.00 1.00 1.00 1.00 1.00
a3 Fish oil 6.00 6.00 6.00 6.00 6.00
F KM Corn oil 1.50 1.20 0.90 0.60 0.30
T Y TR R} © Mineral premix 2.00 2.00 2.00 2.00 2.00
YA ZHUR K ¢ Vitamin premix 1.00 1.00 1.00 1.00 1.00
o-FEM o-starch 8.22 8.22 8.22 8.22 8.22
U ERERBEERY © Nannochloropsis sp. 0.00 2.50 5.00 7.50 10.00
R ILL A RN Carboxymethyl cellulose sodium 3.92 3.53 3.13 2.74 2.35
Wiz — 545 Ca(H,PO,), 0.30 0.30 0.30 0.30 0.30
Tlt32 08 Betaine 0.50 0.50 0.50 0.50 0.50
A ALJEBH(50%) Choline chloride 0.50 0.50 0.50 0.50 0.50
HEAM Met 0.00 0.02 0.03 0.05 0.06
HWEB Lys 0.00 0.03 0.07 0.10 0.13
WBWAR Arg 0.00 0.03 0.06 0.09 0.12
ZAA IV Ethoxyquin 0.06 0.06 0.06 0.06 0.06
&l Total 100.00 100.00 100.00 100.00 100.00
EFHA (% TH ) Proximate composition (% dry matter)
HML#E 1 Crude protein 53.50 53.47 53.38 53.36 53.12
HMLAENT Crude lipid 12.63 12.55 12.45 12.39 12.17
MK/ Crude Ash 15.54 15.11 14.73 14.51 14.33
HEHEM Met 1.13 1.14 1.26 1.29 1.25
AR Lys 3.82 3.80 3.80 3.89 3.88
KR Arg 3.68 3.67 3.70 3.75 3.71

e a. HEK(TYER): MEHSE 65.47%, HIEN &8 7.2%

b, KREWAGEHEA (% TYE): HEHEE 69.85%, MR &# 2.1%

c. WYEHIRE (mg/ke k) : MgS04 7H,0, 3568.0 mg; NaH,PO4-2H,0, 25568.0 mg; KCI, 3020.5 mg; KAI(SOy),, 8.3 mg;

CoCl,, 28.0 mg; ZnSO,4-7H,0, 353.0 mg; Ca-lactate, 15968.0 mg; CuSO4-5H,0, 9.0mg; KI, 7.0mg; MnSO4-4H,0, 63.1mg;

Na,Se03, 1.5mg; C¢HsO,Fe-5H,0, 1533.0 mg; NaCl, 100.0 mg; NaF, 4.0 mg

d. i RFR A (mg/keg 1Ak 4i4:FK A, 38.0 mg; 44K D, 13.2 mg; oL FW, 210.0 mg; HMEEK, 115.0 mg; &
%,380.0 mg; FHERML A, 88.0 mg; 1Z MR, 368.0 mg; MR, 1030.0 mg; ‘X, 10.0 mg; MR, 20.0 mg; 4i/E XK By, 1.3 mg;
HLIE, 4000.0 mg; HLIRIMLEL, 500.0 mg

e. TUMERIREM (T Y : HEMA 50.72%, AR 18.05%, W A M &1 mA: WH AR A RAF

Notes: a. White fish meal(% dry matter): Crude protein 65.47%, Crude lipid 7.2%

b. Soy protein concentrate(% dry matter): Crude protein 69.85%, Crude lipid2.1%

c. Mineral mixture (mg/kg diet): MgSO,-7H,0, 3568.0 mg; NaH,PO,4-2H,0, 25568.0 mg; KCI, 3020.5 mg; KAI (SO,),, 8.3 mg;
CoCl,, 28.0 mg; ZnS0O4-7H,0, 353.0 mg; Ca-lactate, 15968.0 mg; CuSO,4-5H,0, 9.0 mg; KI, 7.0 mg; MnSO,4-4H,0, 63.1 mg;
Na,Se03, 1.5 mg; C¢Hs0,Fe-5H,0, 1533.0 mg, NaCl, 100.0 mg; NaF, 4.0 mg

d. Vitamin mixture (mg/kg diet): retinol acetate, 38.0 mg; cholecalciferol, 13.2 mg; alpha-tocopherol, 210.0 mg; thiamin,
115.0 mg; riboflavin, 380.0 mg; pyridoxine HCI, 88.0 mg; pantothenic acid, 368.0 mg; niacin acid, 1030.0 mg; biotin, 10.0 mg;
folic acid, 20.0 mg; vitamin Bj,, 1.3 mg; inositol, 4000.0 mg; ascorbic acid, 500.0 mg

e. Nannochloropsis meal (% dry matter): Crude protein 50.72%, Crude lipid 18.05%, buy from Yantai Hai Rong
Biotechnology Co., Ltd., China
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HLICE A1k (GB/T6432-2006) ; ALK A ok &K Gl 42
2 %€ (GB/T6433-2006) ;ALK 43 I 7 >R I 5 s 4
550°C K21 (GB/T 6438-2007).

ML 75 1R B (LZM) . BBt fLRE 1 (T-A0C) . &
4 Ak ) L AL il (T-SOD) . 4% Jbk H K 3 4 4k 1 il
(GSH-PX){i% J1 K T 1 (MDA) & 1 2% JH B 5t & i il
WA A E s *MAE I C3 FIRMAE H C4 R 3E
A= WK G % 53 BT (ELIS A 57 &0l 5 o

ML Hh =l (TG) . HEEE(CHO) ., K% g &
HAHE BE(LDL-C) . 1 %% B A £ 1 I [ B (HDL-C) |
B B B2 B (ALP) . BRVEWE IR B (ACP) . A B il
(AST). AR BEHALT) . K4 A sh 41k Bl
(7020, Haz, HA)MEFTMWE, 55 &30 5 )iEE
S ARARRA A .

HiRFEIT S

K FH SPSS18.0 B A Xf £ it A7 B K R Oy 25 43 it
(One-Way ANOVA), YAb3iz [A] 22 & 1 % (P<0.05)
ff, H] Duncan’s KB i A7 2 8 lLE, 45K DAEHE+
PrifE 2% (Means+SD)IE s .

1.4

2 #R

2.1 BRHEKERBERENMNRETHEERKKE
eI A

OLTA 5 3R A 2 A X AEM3 X 322 B &)y 1 2 K i ]
TR RS L3R 2 o Bt UL o Bk ey R AR L 114 K

Fz2

KEZEEF4)fi WGR. SGR. PER 1 CF 2% LT+
e, (HA 40T B 2 22 5 (P>0.05), FCR Il DFI &
BT RER R, To i E 2 5 (P>0.05); MR A
X S £1 ) VST Al SR ¥4 i & 500 (P>0.05).

22 BREKERBRENNXEGHEEEM
A 42 45 B ) 2 1)

W 3 FrR, BER LAY 4 f RN UL ORLIE I 75 /e 2
BT T RER R, T No 41(P<0.05); MR
R4 A RTILIA 7K 43 AR 1 SRR 5310 B 13
TG\ 3520 (P>0.05)

2.3 WREKEMBERENN XETLE MFIFE
FHERER M

R 4 PR, LZM FFMAEE 1 C3 16 1 258 BT+
Ja TR, 75 N AREKETEEST Ny
H(P<0.05); #MAEE C4 WEHE%E FFHE FHRNE
POTE Ny oo Ak B RMEIF 3 T No 41(P<0.05);
ACP 5 J1 55 ETHE T RS, Ny 41k i KAl ,
IF B E R T Ny 4H(P<0.05),

24 BEEKENBREMNXREGHERALEE
LAl

n s prn, B BUREREREE R R AR R,
T-SOD . T-AOC # GSH-PX 1§ 1 55 FTHa F R #
P, FE Ny o Hik B R MEIF 3 T No 41(P<0.05),
I MDA & 258 TR0 BESIFEEIRT N, 4
(P<0.05).

MM BB X EET4) & 4 K188 R A B R #20E (n=3; x£SD)

Tab.2 Effects of fish meal replacement by microalgae meals on growth performance and feed utilization of juvenile turbot

23}l Groups

i H Items

No Ni.ss N7.76 N4 Nis.s2
W E 1BW(g) 24.58+0.06 24.59+0.05 24.61+0.02 24.59+0.05 24.62+0.04
KINE FBW(2) 61.39+1.65 62.87+0.83 63.03+0.88 63.34+£1.93 63.59+1.86
R WGR(%) 149.72+6.17 155.65+2.94 156.14+3.58 157.58+7.72 158.31+7.54
FRELE KR SGR(%/A) 1.30£0.04 1.34+0.02 1.34+0.02 1.35+0.04 1.36+0.04
EHBERCR PER(%) 2.18+0.10 2.25+0.05 2.2740.05 2.30+0.10 2.3240.11
TR FCR/% 0.86+0.04 0.83+0.02 0.83+0.02 0.81+0.04 0.81+0.04
FEEHR DFI(%/d) 1.05+0.02 1.04+0.01 1.03+0.01 1.03+0.02 1.03+0.02
BEFR L *VSI(%) 5.17+0.08 5.18+0.16 5.16+0.08 5.14+0.17 5.17+0.13
B °CF 3.51+0.13 3.59+0.12 3.61+0.04 3.63£0.04 3.58+0.1
MIEZE SR(%) 97.50+2.50 99.17+1.44 100.00+0.00 100.00+0.00 100.00+0.00

e FATBUE G AR _ LR RN £ 57 B3 (P<0.05), TR, a: &4 15 NFA4T

Notes: Values in the same row with different superscripts show significant difference (P<0.05), the same below. a: 15

parallels in each group
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x3 HEMEBEREWY XETLE KA MBI BRI (%I E; n=3; x+SD)
Tab.3 Effects of fish meal replacement by microalgae meals on tissue proximate
composition of juvenile turbot (Y%owet weight; n=3; x£SD)

i H Items

20 %) Groups

No N3 g3 N7.76 Nii64 Niss2
4fi Whole fish
7K 43 Moisture 78.03+0.41 78.06+0.19 78.03+0.44 78.19+0.30 78.17+0.44
KL% H Crude protein 15.23+0.34 15.36+0.20 15.48+0.26 15.25+0.26 15.24+0.31
HMAEW; Crude lipid 2.75+0.06° 2.3940.07° 2.3+0.18° 2.19+0.08%® 2.05+£0.11°
HLJK 43 Crude ash 3.90+0.10 3.95+0.05 3.98+0.05 3.95+0.09 3.94+0.04
HWLA Muscle
7K 43 Moisture 80.18+0.03 80.19+0.07 80.23+0.10 80.26+0.05 80.27+0.06
KL% H Crude protein 18.25+0.06 18.29+0.07 18.3420.06 18.24+0.05 18.22+0.02
HMUIEW; Crude lipid 0.32+0.03¢ 0.30+0.02% 0.27+0.02° 0.27+0.02° 0.22+0.03°
HLJK Y Crude ash 1.27+0.01 1.27+0.01 1.25+0.02 1.25+0.01 1.25+0.01
F4 WEHEREMW XEETLE M FIEHE RN RFNE(1=3; x+SD)
Tab.4 Effects of fish meal replacement by microalgae meals on serum non-specific immune
index of juvenile turbot (n=3; x£SD)
i H Ttems H13] Groups
NO N3,88 N7.76 N11,64 N15.52
V¥ T i LZM(U/l) 1.93+0.05° 2.02+0.03° 2.14+0.03° 1.95+0.04" 1.93+0.05°
FMAZEF C3(ng/ml) 64.08+1.68" 70.73+3.51° 80.92+1.68° 78.68+4.03¢ 71.95+0.55°
FMATE T C4(ng/ml) 82.83+3.34° 92.70+3.65°  105.26£2.51°  110.40%1.78° 93.40+3.66"
LB R i ALP(U/ml) 26.60+0.35 26.27+0.46° 26.13+0.42° 26.070.12° 25.30+0.36"
W Pk W R I ACP(U/ml) 1.39+0.02° 1.4040.04° 1.54+0.05° 1.46:0.04° 1.43+0.02°
*5 WEMEBEKEMMNXEFHEMFRELEENFIE(%IEE; n=3; x+SD)
Tab.5 Effects of fish meal replacement by microalgae meals_on serum antioxidant indeices
of juvenile turbot (%wet weight; n=3; x+SD)
STH Ttems 25}l Groups
No N3 g8 N7.76 Nii64 Nis.s
SR AL LT T-SOD(U/ml) 196.37+3.74*  202.57+2.24™  218.82+4.95°  208.34+2.91°  199.59+1.79*
BPiAEALHE S T-AOC(U/ml) 14.1840.62°  15.42+0.62°*  20.35+1.23¢ 17.68+£1.28°  16.96+0.82
A5 I H KT AL YR GSH-PX(U/ml) 108.66+4.60°  112.240+4.51°° 145.08£6.46°  120.30+4.60°  111.94+4.48%
A -1 MDA (nmol/ml) 12.04+0.40° 9.55+0.28" 8.74+0.33° 8.70+0.13° 8.40+0.27°

2.5 BREKEMNBEREHNKEELE M F AR
it DA

k6 iR, Iy TG BTG LTS,
TE Ny6 435 B EARME I H 2 E LT No 41(P<0.05);
HATULINYE TCHO & B #%T Ny 41(P<0.05), 1H
R 2 22 W) G L3 2 H(P<0.05); LDL-C &5 T
FEfa%, HDL-C & 5256 FTHR FREREE, 78 N,
IR B B KA B35 5 T No 41(P<0.05), H Ny Fl

Nis.so 4158 F KT No 41(P<0.05); FEM4LIL7E LDL-C/
HDL-C & #F{XT Ny 4(P<0.05), B4 #H2H 2 6] G
#FH 25 (P>0.05),

2.6 BREKEMRBRENNKXETLE M FE RS
fEAREI 00
W 7 s, AST BSE T REA LIRS, Nije

ik R/ME, BEMT N4 (P<0.05), 1M ALT £
BT R, BERT N, 41(P<0.05),
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R6 RUEMEBEREMMAEETY S ME MASHE R IE(n=3; x£SD)

Tab.6 Effects of fish meal replacement by microalgae meals on serum lipid of juvenile turbot (#=3; x+SD)

i H Items

2 %) Groups

NO N3.88 N7476 N11.64 N15452
HiM=}§ TG(mmol/L) 1.46+0.04° 1.45+0.03° 1.32+0.03° 1.42+0.03° 1.43+0.05°
AR E B CHO(mmol/L) 2.60+0.07° 2.2540.07° 2.18+0.15° 2.16+0.02° 2.11£0.03*
2% FZ 5 % (A IE & % LDL-C(mmol/L) 0.48+0.02° 0.37+0.05° 0.33+0.05%® 0.32+0.02% 0.30+0.04°
A SR R E B HDL-C(mmol/L) 1.81£0.11° 1.82+0.06° 1.870.05° 1.69+0.05° 1.63£0.03°
LDL-C/HDL-C 0.26+0.01° 0.21+0.03" 0.17+0.03* 0.19+0.02° 0.18+0.02°

RT WEMBEKEMX KXETYE MIFKBHHEREI RN (0=3; x+SD)

Tab.7 Effects of fish meal replacement by microalgae meals on serum metabolic index of juvenile turbot (n=3; x+SD)

2 5] Groups

i H Items

NO N3.88 N7.76 N11.64 N15.52
4 WG S B AST/(U/L) 213.3+10.07° 124.33+6.66° 103.67+3.51° 66.33+2.08° 79.33+6.66°
A B ALT/(U/L) 19.67+0.58° 15.67+1.16* 15.33+0.58° 14.67+0.58° 15.00+1.00°
3 i FEARST, 10540 PS5 (2015)/ Nk 8 AE ) 121 40 1 vp () ATF
FEERA—E, HFHTTRE S wAREER X, 1
30 BRSFHKENERENTXZEHEEKEE T B 55 1 F 1 2 SRy Pl B g G

eIl A

WS, ARDRE IS A e BT (2.5 %~10%)
Al A K | RER AT (Norambuena et al,
2015;Wassef et al, 2005), ASBF5EH, ALk ER B0 B
R A 8 X R 35 B4 174 A KRR R Y R 38 G
M, REEEEL) A A S (SR T 97.5%~100%,
HHTREES . WA S mkd SR M LA B3
FRAIG, X5 4412 0] BTG R 58 m A ok . K264
HEE R (WGR) 8 A= KR (SGR) FIARH E (CF)4 6
R Rk (2018) I 45 K —F, i H %
R (DFD) 5 H 58 25 1R, DFT Al g 5 H & A1 015
BAERM YIS A, Bilhn, s E WLy 3
-B-TIRWE S (DMPT) (4RA: BE4E, 2005), 1T LIKE I &
R AR FE AR X U BR s 10355 B R A i3 AT
i, H5 el ) 22 R it — o . Sk AL,
KEEBEL B IRR ZB(FCR)Y L B EE R, X 5/ EKREE
9 B A0 £ f] ) v £y Y 1 A AR 22 S (P 4R
2015), Bl /INER 38R 6 £ G ) rb 1083 HE )84
Tkl R A SRR JE T R A B 2 S A D PR ]
REJE/INER PR B IR ARIKOF 21.8%0E 55 T AS iF 5% 41U
TR RN e R AR KO 15.52%, TGt R e 3 1)
NN ] 8 R B R R AR R BT B . S5
KRLHAR LG, S 2 K EE 8T 40 f0 AR LU (VST TE b 3 2
S, X5 AR (2016) 12 E 6 S5 AR ALY £ 1)
3 M Miller 28 (2007) % K 74 ¥ #21 (Salmost salar) B WF

32 BRMEREMBREHNKREGYEEEM
P 42 25 RS, Y 2 Pl

WL R, e B R R X fa AR 4 = A — e 7
e, 306 52 e XoF £ (19 95 SR A0 (B 5% ) bE 8¢/ (Tibaldi
et al, 2015; Kissinger et al, 2016), AW, KIE6F
A RE R SN G N i s = 1 D N K s S 2 8
TSI 52, X 5 30 55 (2018) . ZETH 77 (2011) 11
TRMEEE (201 7)WF ST 45 SR — 2k, UL BN INGE = i R
BRI B A S BT 4y £ ] e} o £ K o A A FUILIA)
B R BT B R IR EE B4 LR KL D
TR TREE, TR SMMaEkER T R AR
) EPA &, EPA AT LI 6~ R 7 4 b it S0t
T A Tl R S SR 2 ot T P 3 42, e PN R 5 &
BURE SIS . DTS2 e B I 7 & B CSAR AE, 2013),
A, MR S AR Z AR MA 4R (la BY)
SFARTE R M 20, AN BB B £ 25 7543 W ORI F (Lubian er
al, 2002), MWD, X —FREE R 52
BEN 8 (Platichthys  stellatus) %) £ 5 B s im0 1 2k
BREERY ) S50 25 R — B (k4 2017).
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MR, TE Njqe 435 B B K E I W3 = X R4,
X 1 B 3 AR Bk R T AR T £ S TR A
JEDIRE, 1Ak & ) 2 X f 2 A 9 T A D AR
o #MREE T C3 FIRMAR A C4 SIS s Figl 4t
W —H s EARMEENEA R, MEEH
C3 FEIEMBE MM . MEHLREBEES KA B
BREH, nTRIEAMATE 1 C3 MR I/EH NS 54
RS, *MAR A C4 L RAMAZ B TE iS4 ) L
o (BT, 2011)0 ARWFFEAMAR H C3 G 125
THE TR, 76 Njqe 4135 8 I R W3 = X
MR, MiAMAR A C4 16 25 IR FRER B,
TE Nipes AR R MBI B3 TR R4, JRIFE4
TRER BRI & A A ¥ 22 (PSP AT L5 AMA 145 4
TERERSE, (eI R A 1S M (Dalmo et al, 1996),
X % P I HE A LI ek Bk Ok AT DL i K EE B4 £
PSP E e S . ALP Al ACP 2 ff 25 I S e 1)
EEARAR, X ARG 1 RN O R R . AR
WEFEH LT o ALP & 54 N s 50 4 5T X HRAH
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T X HEZH o AT R 2 40Uk Bk ol v 220 RN S W B3 T
e S ER o
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R 0

S A A Y B AL T (T-SOD) . &4t 4 1k e T
(T-AOC) 4 e H kit Ak P (GSH-PX) %5 P 7E
— R I RENS S WML HE ST A AL R B RE 71, 4L
KA A A, IR T A A KPR T, B
AALRE T (RS, 2015), ARFFEH, FEE I
SEREM M BER AR, WE+ T-SOD. T-AOC
A GSH-PX 1% 1256 ETHE FIRERBEHE, ¥T7E Ny
IR B RS, JF 355 TR R . Rl R Bk i
WA KN 7.76%M, KIEEERHTAALRE S
IRB KA . BEE B A3 i, XHLIAR T BEAF A 36
15, 1 BH 35 2 I R ER Bk R 1 TS A TR S 4y
fahr A LRE L, 2 AR T REE Y A
Ko T (MDA) S 5 G 1 S8 A0 A T 55 28 3 fit 7=
Yy, Horm ] DL iR 32 G &) £ 38 A2 36 405 O AR
(Martinez-Alvarez et al, 2005; Jain et al, 2001), #4320
M MDA & & 28 T REpy R, JIf BT X
HEZH, 0 HA I8 o A FOUR SR BR A A VS NG ) T RS2 6
RSN SIENE

3.5 BIMFKEMBREHNKRELLY & MIEER
I i

ABIEFE T, SR BRI 1 AR 0k 2 5 K22

At AR Ko Bl UL SR ER RS AR LB 384 T
B4 TCHO 2% FREfa%, 1 TG 28 TG L
TH S, TE Njqe 418 FACT X RAL, 15 i fig /K
S BEATG 4 J DR T e LA AR BR R S KB R
WRRR B RR AR S 3, FilJe EPA & i (b Sl
&1 35% (BRLZR4E, 2000), LA B ke A 5 i
BEOPEITT, HR & A 5 22 W R F0 7 JRR R , X 2 Fof ey
AN N 7 TR A2 4 A A STl i 0 40 L 5 e 2 2 o
A3, AT LAY /0 JIR (] P AR T I = e S A A 15 e 3
TEMIHEF (Werman et al, 2003), A KRS HI/E ] (Abdel
et al, 2009), IMLiEH LDL-C & &3 a LU o £ 1)
TCHO Fl TG ¥z %1y, 1 HDL-C nJ LMfiE £ 1)
TCHO %53z #|fFJE, LDL-C F1 HDL-C $4 0 ifil 37 77 %)
TCHO 1 TG B & it (B R4, 2017), ABFFEH LDL-C
ETREES, HDL-C 556 EFHE &%, LDL-C/
HDL-C K FX 4], SEmalnih 25,
Ut B )R S I T 0D A R X AR A AT % B g
A, WinmsElsEa S aa —aEMH, FEhe
I ERE R RO SmE RO IE, AR T
R EE BT B I R

3.6 BIRMEKEMBREHNKETLYE MFNBG
=t N A

A FLEG Z  (AST) FAT TN 5% il (ALT) J2 S e Ji
UIte e br, AST EZAFIE A MR, 2 FIE
KA EIRFERBARRT, A2 FHNIE T AST i
(FEMAE, 2016). ABFRH, AST 2 TRE LA
AR, T DR SO BRI 1 A7 S IH TR A RR IR
AT AR 1k AR B A I = BE 7 b g A, — e
AR YL Bl 9 AT LA B 0 i 45 2 4L 9 1 AR BRI fE R A2
P, ARBEA S I R3S E S 2 TR
AL B Z AN T RE RS AR . ALT EZAFAE T
JAEAHR b, v b A AR, A Y 4 R R SR A
I R )3 375 P SR ) EE 5B MN(Chen et al, 2003)
ARSLEGH ALT 22 FREEEE, BERIT I — & it 14
SRERWERY OT BELERE T HF A AT ALT B%a0E % .
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AR 15.52% LA P £k o K2 614 0 i AR KM RE TE
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Effects of Replacement of Dietary Fish Meal by Nannochloropsis sp. Meal on
Growth Performance, Body Composition, and Serum Biochemical
Indices of Juvenile Turbot (Scophthalmus maximus L.)

HU Dongxue'?, MA Ji'2, WANG Chenggiang?, QIAO Hongjin?", WANG Jiying?, LI Baoshan®, SUN Yongzhi’

(1. National Demonstration Center for Experimental Fisheries Science Education, Centre for Research on Environmental Ecology
and Fish Nutrion (CREEFN) of the Ministry of Agriculture and Rural Affairs, Shanghai Collaborative Innovation for Aquatic
Animal Genetics and Breeding, Shanghai Ocean University, Shanghai  201306; 2. Shandong Marine Resource and Environment
Research Institute, Shandong Provincial Key Laboratory of Restoration for Marine Ecology, Yantai 264006)

Abstract A 70-day trial was conducted to investigate the effect of replacement of dietary fish meal by
Nannochloropsis sp. meal on growth performance, body composition, and serum biochemical indices of
juvenile turbot Scophthalmus maximus L. with an initial weight body weight of (24.60+0.02) g. Five
isonitrogenous and isoenergetic diets (Ng, N3 g, N7.76, N11.64, and Nyss55) were formulated with 0%, 3.88%,
7.76%, 11.64%, and 15.52% fish meal replaced by Nannochloropsis sp. meal, respectively. Each diet was
randomly fed to three replicates of fish, with 40 fish per replicate. The following results were obtained.
1) There were no significant differences (P>0.05) in weight growth rate, specific growth rate, protein
efficiency ratio, feed coefficient ratio, feed intake, condition factor, and survival rate among the groups.
2) As the meal content of Nannochloropsis sp. increased, the crude lipid content in the whole body and
muscle was significantly decreased (P<0.05); however the crude protein, crude ash, and moisture content
were not significantly different (P>0.05). 3) Lysozyme, complement protein C3, complement protein C4,
and acid phosphatase activities showed a rising trend followed by a decline, with the highest point reached
in the N776, N7.76, Ni1.64, and N7 76 groups, respectively, and were significantly higher than that in the Ny
group (P<0.05). The alkaline phosphatase activity of the Njs 5, group was significantly lower than that the
other groups and there were no significant differences among other groups (P>0.05). 4) The total
superoxide dismutase, total antioxidant capacity, and glutathione peroxidase activities in the serum of the
algae meal groups first increased and then decreased, and reached a maximum in the N;7¢ group, which
was significantly higher than that in the Ny group (£<0.05). 5) The triglyceride content in the serum of the
N7 .76 group was significantly lower than that in the other groups (P<0.05), and there were no significant
differences among the other groups (P>0.05). The total cholesterol content of the algae meal groups was
significantly lower than in the Ny group (P<0.05), but there were no significantly differences among the
algae meal groups. 6) The aspartate aminotransferase activity in the serum of the algae meal groups
followed a decreasing to increasing trend, reaching the lowest point in the Nj¢4 group and was
significantly lower than that in the Ny group (P<0.05). The alanine aminotransferase activity of the algae
meal groups was significantly lower than that in the Ny group (P<0.05). In conclusion, under the
experimental conditions tested, Nannochloropsis sp. meal could replace 15.52% of fish meal in juvenile
turbot feed without any effects on the growth performance, and the replacement of 7.76% fish meal
significantly improved the nonspecific immunity and reduced the blood lipid levels in juvenile turbot.

Key words Juvenile turbot; Nannochloropsis sp. meal; Growth performance; Antioxidant activity

(D Corresponding author: QIAO Hongjin, E-mail: hongjinqiao@hotmail.com
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A R A AE A SR v Y I A i A5
38 2ok FH Aoy AR [ B A9 £ fy ot o bl i A PR g L L
A8 5 1L R LR AR A T8 BR 5552 W B BIF9E, B AEER T
Ay 78 N0 M ARk b A AR — 2 L] e (9 BT AT 1 R
T EL LA, Sy R DR AR 1 JEORE AL i Y N T
TpRHAC 7 P HE S JE Al A TS S HE

1 #REFE
1.1 S

SIS FH N 5 oy T DG 2R B AR ) T e 3 1Y [a]— it
. FWIRE K 3.06£0.25) g, KK K (6.44+
0.81) cm. FEFMATHE Y P 600 B, FH 3% &
KR EFREH .

1.2 SCIgm

SRR LB Al o TR, RSO
i AEAE=1 0 DIVARITIR, i 6 FRAEEGEEHAK

VR 42.48%) . SERE(RE RN 20.17 kI/g) I SE 50 1Ak
DL 26 5 IR O BB ZH) . 10% . 20% . 30%.
40% N 50% 1) A, AR 3 AN EA, AR
Rhazid 60 B, AR HIRAS, MKEES,
FH QRLS-150 7 3, B 28 AL i A% 2 mm J0RL DR,
25CIT 5 B T-20°C kA B A7 o SC I Rk A
KB IR WA 1. SRR I F Ak S R A SR A
Yy R R St g E ARt HOE SR A SO LR 2,

R 1 ZHRIEBEAMREFKEOUTIERM, %)

Tab.l Composition and nutrient levels of
experimental diets (Air-dry basis, %)
TR AR Ak 1 o)
Replacement ratio of fish meal by
silkworm powder

JK

Ingredients

BRKF

Replacement level

£ 4 Fish meal 40.00 36.00 32.00 28.0024.00 20.00

#H) Silkworm powder 0.00 4.00 8.00 12.00 16.00 20.00

20.00 20.00 20.00 20.0020.00 20.00
10.00 10.00 10.00 10.00 10.00 10.00
8.00 7.20 6.30 5.50 4.70 3.90
12.00 12.00 12.00 12.00 12.00 12.00

0.00 10.00 20.00 30.00 40.00 50.00

A4 Soybean meal
3ZH1 Rapeseed meal
R4 Mixed oils'

YK Wheat middling

(O i

Microcrystalline 7.00 7.80 8.70 9.5010.30 11.10
cellulose

= .

s?kﬂﬁﬂﬂf}ﬁi . 0.50 0.50 0.50 0.50 0.50 0.50
Choline chloride

MR — %45 CaH,PO; 1.50 1.50 1.50 1.50 1.50 1.50
TR Rl Premix? 1.00 1.00 1.00 1.00 1.00 1.00

327K Nutrient levels®
JK4y Moisture 10.29 10.32 10.46 10.21 10.18 10.34
HMIZE 19 Crude protein  42.85 42.41 42.18 42.4342.42 42.58

FLAs I Lipid 12.47 12.58 12.46 12.52 12.40 12.32
SAE GE(kI/g) 20.32 20.25 19.86 20.19 19.97 20.41
LOIRAWHR L L il G, 2. BURKC A ke
EHE AL TR YR K 81 28.0 mg, 45 282.0 mg,
££ 9.0 mg, £ 3.5 mg, £ 24.0 mg, 4 1.8 mg, il 0.25 mg,
fifi 0.02 mg, 4EEE A 80001IU, 4iA K C 200 mg, itk &
D900 1U, #4i4%E E60mg, 4iEE KSmg, Ji4E B, 15
mg, JETEER 100 mg, JZMR45 40 mg, Z4EiEE Bs20 mg, 4
42 B 5 mg, JUEE 100 mg; 3. B3R RSl {E
Note: 1. 1 : 1 mixture of fish oil and soybean oil; 2. The

premix provides mineral and vitamin for a kilogram of diets:
K 28.0 mg, Ca 282.0 mg, Mg 9.0 mg, Zn 3.5 mg, Fe 24.0 mg,
Cu 1.8 mg, I 0.25 mg, Se 0.02 mg, V, 8 000 IU, V¢ 200 mg,
Vp 900 IU, Vg 60 mg, Vg S5mg, Vg, 15 mg, nicotinic acid 100
mg, Pantothenate acid 40mg, Vg 20 mg, Vg, 5 mg, inositol
100 mg; 3. The feed nutrient content were measured
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x2 ZTREFWIEMREFKECUTEER, %)
Tab.2 Composition and nutrient levels of
silkworm powder (Air-dry basis, %)

TiH Items £ & Content

H HLL 4 Routine ingredient

JK4 Moisture 8.80
# [ Crude protein 64.10
HLIK 4 Ash 9.98
HLAB WS Crude lipid 11.01
ML 4E Crude fiber 9.23
ALK Digestibility 86.68
FAHR AA
REZ B Asp 4.06
N R Thr 2.11
2R Ser 2.64
BEMR Glu 6.82
&R Pro 2.23
HEmR Gly 4.64
WA Ala 4.02
PR Cys 0.65
HEMR Val 2.73
E R R Met 0.94
FSLEMR 1le 2.17
ZEM Leu 3.12
BEE R Tyr 2.69
HKNZB Phe 2.06
R His 1.36
# R Lys 3.12
R Arg 2.42
O R Trp 0.46
HEMR B E TAA 48.24

1.3 SEEE

SCRG R FET dJE, R TG A5 Y ]
540 B BEML B A 181 KT AH (A% 1.0 mx1.0 mx
1.0 m), e NSLERdl, MARIINTER, BMEKL
30RCE M, ARl AR R0 10%., 20%. 30% .
40%F50% FK; I SE I ARRE, A KA 3%~5% I B R
FEML A ME3 YR (08:00, 12:30F117:00), FEFi T i)k
45 d. FEFEMPAFFIRITK,, AR SR K AR Y 3E
it 30%. B HWIMKE, BA, Bafiets
RFGET B SE . SE A RIZK IR 25~30°C, JKikpH
H7.0~7.5, B EE K50 cml) b EE NS5 mg/LLL F

14 HRFE

SCERTT AR, D E S A A PR R R, S
W EEHUR XL YUK 24 h, SRIEXHEEANEZ AT

T, R, e SEIR Al P REMLEL 12 B fa
FH MS-222 FWURREE, Horp 7 B 5256 £ 43 5 i R
AR, 3 BT R E AR, Ik
Je B PR A R R S FR i, o 2 BRIP4 A
BRI S B E

L5 ERNESHE

T et JEORE B 52 86 £ AR FE AR I E 105 °CHE T Z 1H
5, R T AR, 4t pRLER 5T ad il e SR
FLICE AT, AR 7 I e SR PR G 0E , B 4
AN 5E SR 550 CRIBEIE (BUEEAE, 2005).

14 % (Weight gain rate, WGR, %)=(W,~W,)x
100/W,

¥ 7€ 4 K R (Specific growth rate, SGR, %/d)=
(InW~InW,)x100/z

HH H B &K (Protein efficiency ratio, PER, %)=
(W—W,)100/FxP

i} Z2 40 (Feed conversion ratio, FCR)=F/(W~W,)

A% K (Survival rate, SR, %)=100%(N,~N,)/N,

JF4& H (Hepatopancreas somatic index, HSI, %)=
100x W,/ W

JIFEAA L (Viscera somatic index, VSI, %)=100x Wv/W

JIE3% £ (Condition factor, CF)=100xW,/L}

K, W, MR TR AR (g); W, LRSS
WK (g); N, ASEIITIAI i RBEG N, A
SR R R FONTRRHEA R (g); P Rk
BATTE (%) ¢ HFRIA TR RE(d); Lo SR g5 )
WA AR (cm); W AR EE (g); Wy Ry AT e
Fii(g); Wy RN ().

1.6 #HIFAIE

K HI SPSS 17.0 B X B STt o Je X s
PEAT BN R 7 2293 T (One-way ANOVA), 754 [ 2 57
2%, FM Duncan’s [REHITLZELK, BEKF
Ph P<0.05 1. PIZ IR Z Ik WGR . SGR, PER
il FCR 54y ARk L Bl Im) AR SC 56 B o SEHR K
P LIS {E 65 UE 22 (Mean£SD) £ 7R o

2 ZER55H

2.1 EHEREHX M8 E KR ARF AR

FH2E 3 AT, SCE N9 ) WGR . SGR M PER
IRt A i AR T e B e LT E T R AR L
v, HIH WGR. SGR Fl PER $7E &K 2K FH
30% M} 35 B & K (43 0 227.87% . 1.98%/d FiI
164.55%), WGR. SGR &M EAIAKF-H 30% . 50%
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2 R 40 &

(S B 2 2% F 1 (P<0.05); PER NI 5 H A& 50640
755 1 35 (P<0.05) 5 I 7% FCR W B % 4 i B2 LK
SR T R SRR IS TR AR B, AR AR AR KO
1 30%K BHRARCH 1.43), bR 5 AR KR 10% .
20% M S 6 2H 22 SN W E AN (P>0.05), SHAA TR
2H 2% 5 1 3 (P<0.05); SCE Y CF . HST A1 VST N Fifi
Ry 1 OK - T i 2 58 BT R R TR
FE B REH, SO R 4% S G A N B Y SR 22 50K
F(P>0.05),

DLk 2 A k4 WGR. SGR. PER. FCR
&GN AR MR E 1~E 4, Ly

e [l n] A, fnM %% WGR, SGR. PER f[al )9 )7 2
SR Y=—0.0599X%+2.3835X+192.84(R*=0.7152);
Y=-0.0003X*+0.0132X+1.7906(R*=0.7383); Y=—0.0441.X*+
1.5972X+135.72(R*=0.5647) ., WI7E 42k i fix ve 25,53
WAL MIN G WGR . SGR Hl PER WY& KfH, Mt
XF R A A R AR L B 4 S 19.90% . 22.00% Fi
18.11%, FCR {1115 & 77 # 4 : ¥=0.0005X°-0.0179.X+
1.7276 (R*=0.6084), M| PCR f5r/ Nk Ry 54X HL 51 1y
H17.90%. I, WEMmIMETE) WGR. SGR. PER
% K, PCR /B A A A B AC LL B R 17.90%~
22.00%.

®3 EWHEREH NN ETE MR RIARF AXR M0

Tab.3

Effects of replacement of fish meal with silkworm powder meal on growth

performance and feed utilization of M. salmonides

ZE MR Ak B L8] Replacement ratio of fish meal by silkworm powder (%)

i H Items
0 10 20 30 40 50

WIGRATE Initial weight (g) 3.16+0.04 3.15+0.03 3.14+0.04 3.17+0.05 3.20+0.03 3.17+0.04
ZKARTE Final weight (g) 9.48+0.31% 9.31+0.41b° 10.01£0.34¢ 10.40+0.76¢ 8.91+0.39* 8.40+0.34°
WH R WGR(%) 199.57+8.76™  195.51+11.01°°  218.68+9.65°  227.87+12.17°  178.20+9.55®  165.33+8.31°
A K% SGR(%/d) 1.83+0.05" 1.81£0.06" 1.93+0.05% 1.98+0.11¢ 1.70+0.06™ 1.63+0.06°
E A% PER(%) 140.21+8.74™  135.84+2.94 151.03+10.14°  164.55+8.73¢ 107.9243.97" 111.58+5.54°
TRk Z % FCR 1.68+0.11% 1.73£0.03° 1.56£0.11% 1.4340.08° 2.18+0.08¢ 2.11£0.11¢
AL CF 2.62+0.10* 2.58+0.04% 2.44+0.21° 2.51£0.03™ 2.67+0.05° 2.59+0.04*
JFAR . HSI(%) 1.22+0.08% 1.29+0.04% 1.31£0.04° 1.1940.07° 1.26+0.04% 1.25+0.07*
EAR L VSI(%) 6.54+0.14" 6.44+0.11° 6.67+0.12° 6.29+0.09* 6.36=0.11% 6.38+0.16™
i % SR(%) 98.38+0.58 99.02+1.52 98.61+1.21 98.29+1.67 98.33+1.19 98.45+1.05

TE - M P 8 Bl D P 8 3 AN B AL AR EZE o [FAT I Al ) /INS 7 R B 7R R 22 578 B35 (P>0.05), AT

INE PR IR 22 7 B 3 (P<0.05), TF

Note: Values are means and standard deviation of three replicates. In the same row, values with same small letter
superscripts or no letter superscripts mean no significant differences (P>0.05), different small letter superscripts mean significant

differences (P<0.05), the same as below

R=0.7152

240  ¥=-0.0599x*+2.3835x+192.84 {

220 1

—_ N
o0 S
=) S

° . 3

WAE 2 Weight gain rate/%
=
3

140 1
120 - KXnax=19.90
e
100 : : : -
0 10 20 30 40 50

4L L] Replacement ratio/%
K1 s WGR 5 &y AR L 9 5C &

Fig.1 The relationship between weight growth rate and
silkworm powder replacement ratio of M. salmonides

20r

191

4
18]

!

L7r y=0.0003x+
0.0132x+1.7906
1.6} R=0.7383

Xonax=22.00

58 4 K2 Specific growth rate/(%/d)

I

0 10 20 30 40 50
X LBl Replacement ratio/%

K2 M SGR 557k 2R HL il 56 &
Fig.2 The relationship between specific growth rate and
silkworm powder replacement ratio of M. salmonides
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[ ¥=—0.0441x+1.5972x+135.72
170 | R*=0.5647 {
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D

(=]
T

— — — —
[\ w P W
[=] o o [=]
T rt - tr

TE I FRLZ Protein efficiency ratio/%
=

100
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1R H 6] Replacement ratio/%
B3 N R S R B AR B e R

Fig.3 The relationship between protein efficiency ratio and
silkworm powder replacement ratio of M. salmonides

2.2 EHER GBI &R E BB R0

2 4 AT, T 4 fe oML RS 2 B A A AR
KV T o T SRR T B AR R B, TR R
RIS 20%0F e fik, BRYE 10%2 5% A48 8 5N P>
0.05), BEMLTHRAK LA (P<0.05); LHfasf

)
i
1

N
o

F ¥=0.0005x>-0.0179x+1.7276 {
R>=0.6084

N
o
.

—
oo

& —!

T T

—
[=))
h

t

1A} Z %X Feed conversion ratio

14}
D Xp=17.90
12} |
:
1.0 R ' : : ;
0 10 20 30 40 50 60

B LB Replacement ratio/%

B4 N S PR R 80 ok AR Bl o6 &R
Fig.4 The relationship between feed conversion ratio and
silkworm powder replacement ratio of M. salmonides

FH AR 1 Bl A A 2 AR KO 1 T o T B e AR A (P>
0.05); 5 LI 2K BTN 10%F
40%2H 2 5 L FAIN(P<0.05), HAAK LI 2 2 A N
F(P>0.05), ALK R 0~10%0F, 20K 732
AR E(P>0.05), A EIUKFRT 20%K0F, 452
U921 K o3 i 25 R 3 (P>0.05).

F 4 BWMRBEMIT M ESORE S BRI (LIRETT, %)
Tab.4 Effects of replacement of fish meal with silkworm powder meal on body
composition of M. salmoides (Wet weight, %)

15 H Items

ARy £ K3 1Y E 5] Replacement ratio of fish meal with silkworm powder meal (%)

0 10 20 30 40 50
JK43 Moisture 75.35£0.43%  75.2240.17°  75.63+0.41®°  75.41£0.34%®  75.83+0.03°  75.36+0.20%°
MBI Crude lipid 5.44+0.04° 5.38+0.08% 5.28+0.10° 5.56+0.05¢ 5.66:0.04°¢  5.73+0.04
KL 1 Crude protein  16.53+0.42 16.46+0.80 17.10+0.62 16.62+0.61 16.61+0.89 17.26+0.30
K5y Ash 2.73£0.02° 2.63+0.03%°  2.47+0.08" 2.46+0.14° 2.37+0.06° 2.5140.06™
3 it AN 532 M) JE A K B S ARDREASCR . HL AR AR R TR

3.1 EHEREMITM & EK R R RLF A R0

IR —FE RN EE SRS EAE, BA
BRI E . XIPHHR0090)BFFE A, &
PR A RS I R by, BRI ERE . 1 T
B BT A T R S Dkl b R AR AR 30% 1
TRy, SR A TC I 25 S, P A B G
Jeb b g i ] LS8 el B AU . A0SR (2012)
NN, HEBEEHE(Cyprinus carpio var. specularis)%) i
kb A AR S0% LT iy ol B A, WGR
SGR. FCR %7l #1255 ; Nandeesha %(2000)#
1, T8 (Cyprinus carpio) R 4 B US N i 15 3] 50%

BRAE — 5 Y [l A i 0 o P 3 RO B v s R E
E(1992)HIE , R ity 5555w -k . H AR
K143 5 3258 H fA.(Trionyx sinensis)108 d, At Wiy H 1Y
TR R B AR Tk dl . A, EhERK
SEAE 0~30% s F: A e i P 7 £y A 4 ] Aol A1) % 7=
AEAFIRENE , 5 EIRF SRR —E % WGR (SGR |
PER #il FCR 1F 4 5256t R SHACR I 48 bR, lad
TR Z USRI 53 A R AL, N L) vh A
BB 17.90%~22.00%, {H Boscolo %
(2001) 4R 38, #H M & IHH MR R 2 ® Ak m
(Oreochromis niloticus)f{ (1) 34 25 Fl 1A B} e Ak R 4
flpp el 2=, (HEE i . ORI E M IE RG] i 2
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2 R 40 &

5o IKERREE(2013) I 2 WGR . SGR #ll PER )
B ek v 58 i 2 i 2 A KT B9 T 3B T R [, Tl FCR
JUESY VRO Rt Y <5 N (ER e RN T EN AN ) e s
50 B TR PR IAA T s AR b iy CF.
HSI 1 VSI Bifi #4318 K T 2 e B THE T
Bt TARE ks, 57 2155 (2012) % HE i 4
KA AE(2013) X A A R IE A — 2 R 25 . X AT
fig SRk Lys Fil Met & it 975 SREAUA G, &8
7 Lys, 6= Met, Bi#E S50 @ & K+,
H Lys S s, 6 —a B X s 4 K h
—EMERE . X 5 R AR SE(2013) TR AR Ae i L i
K BIEFE R, WS A 2 I o A A el
—3{, M Nordrum %(2000) % B 1) #6} H 2 2 Ry ol 2
Met X £ 2555 329 0T (R TH A6 5 WO (R PR A, JHLAE
YR PGS (Salmo salar) FWFFE R, Met GBS =
/NS R IVIEG . B R TEE o A T BE A A AR
JZKSE B F i, Met B iEREAL, AR fZEXT Met
M R EAE], YK IR B — g (HR, Met & &
ICT 5 ) 75 5K 1, R BOH AR R R DR 4 f
Ko AT UL, TRk b 2 4 1 4G LE /N T 30%H
ANZEXE I N i g A A K A A A 23 A T B ) S

3.2 EHEN &M XTI &4 H ALY R0

R 7 B 32 RRHE 3R Y B A LR 3R
FEIK IR SE AN LA S i (22 = 7S, 1996) ik Hi At
LQ013) LB, FEAWIN M ZRRE, FE Ak
AR TR, B A E A RS R R
25, Mt W, ek
i ERERE S Nandeesha 45(2000)iE5E, P& 7 Ui
PR HL ] po 3, i 4 fa R B RO K 0 3 i
75, TRELAR M R K 40 D052 ST A AR 5 it 2 el e i
REHI R, HEBSEEaE e LA . JFBEAE A AL 2R
F . ORLE i SR 43 K 4y £ TG BH S A8 Ak (41 4%,
2012); AWFFErh, Bl GRDRE R A R AR L I A 3 K
S e o B H A RO AR, MR & E R
FEATCE TH s AR A R 5, i 4 1 7K 43 R 43 DU A 2
M —E RO E N AR E, 5 EINES
(2015)%) 7 & % E £ A 5 4518 At A T A7 2800 H R
5, e KR B sl A P g 7 38 RRL 5 R A 453 1 A — B
AR TARME S o- WKL , — & ¥ [ N Ak L)
RN, fAER T En-3/20-6 B B TOE R, M
P TR IR i R, BRAR T 2 Bs i
i, HARERIN GBS E BEEE, o RIR A i —
NG TR Zn-3/Zn-6 AT, 02

PR ARES , (EARDRL G 7 7t pA i OB A S 1, Ay
AR A AR BRI R, 100 PR SR PR A R A
gy, FESRA UK AR , SEURNIRITITRE

4 NG5

FEARTFFE T, AR —E il o B A
A Sk ) G2 2 o s 2 A P R L B L IRDRHG A R A
o it = e 2 I m = 43 H al A, i gH s fep o
B A13 1R)3E BT LB R 17.90%~22.00% 0 75
IR, ARSI 45d, BORFFIBE G,
{REAR T ARDRHIE VAN R T, 24 2 A R A 7 T K Y 57
B JE I P B PRI A 5 B i — 2P

£ % X #
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Effects of Replacement of Fish Meal with Silkworm Powder on
Growth Performance, Feed Intake, and Body Composition of Juvenile
Black Bass (Micropterus salmonides)

RAO Yuan', XIANG Xiao', HUANG Xianzhi®, DUAN Biao'"

(1. College of Animal Sciences, Southwest University, Chongqing 402460,
2. State Key Laboratory Silkworm Genome Biology, Chongqing 400716)

Abstract This experiment evaluated the effects of fish meal (FM) replacement by silkworm powder
(SP) on the growth performance and body composition of juvenile black bass (Micropterus salmonides).
Six isonitrogenous and isoenergic diets were formulated by the replacement of 0 (control), 10%, 20%,
30%, 40%, and 50% FM with SP. Each diet was fed to three replicate groups of 30 juvenile black bass
(total, 540 fish) with an initial body weight of (3.13+£0.04) g. Owing to the decline in the temperature, the
breeding cycle was 45 days. The results show that weight growth rate (WGR), special growth rate (SGR),
and the protein efficiency ratio (PER) of black bass increased first and then decreased as along with the
replacement rate increased, and reached maximum when replacement level was 30%, with increases of
227.87%, 1.98%/day, and 164.55%, respectively (P<0.05). The feed conversion rate (FCR) decreased first,
then increased as along with the replacement rate increased, and reached a minimum when replacement
level was 30%, with a decrease of 1.43 (P<0.05). The condition factor (CF), hepatopancreas somatic
index (HSI), and viscera somatic index (VSI) increased first, then decreased as the replacement rate
increased, and finally tended towards stability (P<0.05). The survival rate (SR) of the six groups of black
bass was not significantly different (P>0.05). Through quadric regression analysis, when WGR, SGR,
FCR, and PER reached the optimum values, the replacement rates were 19.90%, 22.00%, 18.11%, and
17.90%, respectively. The content of crude lipid decreased first and then increased as the replacement rate
increased (P<0.05); whole body crude protein did not change significantly as the replacement rate
increased (P>0.05); moisture content in the whole body was not significantly different in any group
(P>0.05) except the 10% and 40% groups (P<0.05); and the ash content of the whole fish decreased
significantly when the replacement rates were above 20% (P<0.05). Therefore, under the experimental
conditions, the measurement of the growth performance and body composition of black bass indicated
that the optimum substitution rate of SP with FM was between 17.90% and 22.00%.

Key words Black bass (Micropterus salmonides); Silkworm powder; Growth performance; Body
composition

@ Corresponding author: DUAN Biao, E-mail: d-biao@126.com
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EREREHENERLS &
£ KA A BRI BRI S0

A ReEAs' mmE' ¥ F4
FREC Rz dkdk' A

(1. EUK B2 BE SR BT 5
HALEE T

266071; 2. gRMb A AT EBHK Mt T A&
266071; 3. INAEREER 2 #Y 261061)

BE KRS g AR A AR R R kAR A Xt B B8 2 4 (Verasper variegatus) 4 f A K AL A fig
B R BB, T B AR 0. 25%. 50%F 75%ty th, Fodl 4 AR . SRR AR,
VAR E K (65.47£1.57) g EIBEE 4 # 360 B, HAl2 K 44, BHINEELE, BN NER
30 B, 578 56 do 4 R B R, (DM & Bl AR AT 8 775, 8 = 3(WGR) £ 3 5 1K 1y # #(P<0.05),
1 BF Z #(FCR) £ ILF 15 B #2 % (P<0.05), 25%% R 415 WGR & T & i 41(P<0.05). (2)F b 1K f ik
MEBEE SN ANHE S B . Kot KesaEX EEF Y H(P>0.05), MAFELMHSD. MEE
FL(VST) A JIE 3% £ (CF) T 2 3% 1 % 78 (P>0.05), Zd &R 4L ki e i &8 B % 5 T & % 41(P<0.05),
Q) 4A R B b AT R e, (B B 4 4 f AL T 9 R (C18:2n-6)Fn T IR ER (C18:3n-3) . E A+ &
(P<0.05), T =%k 7 B (EPA)F1 — + Z 5% /< M BR (DHA) U] & 2 [#{K(P<0.05), #TX&E XKW, &

TER KB, FR P E ] 09 i AR o PR & e A K A LA AR BB IR e

Kigia

hESEE S963 XEERIREE A

AR, BEE K= IR A P & 8, DR Tl Xt
B RS H AR, SR A MR R Lk, R
I 3038 BTG Ak R YR R R T Y BF 5 R
S AR RN S B 2 N EENEA . —2
Syt R AR AR R, U R RS B 2 A1 AR
PR S5 N TT HR TR (L BB 55, 2016) H I 0 Fih
BRI EIEA T BRI IR sh P | i

Ty #oh; EREH; AKMERE; MAENR
XEHS  2095-9869(2019)04-0039-08

b B R AR S A X SR B T EAA R A AR
AW EFEATRREE R I, B LA E ATk E L
T I 1 R ARG 0 VR AL A — ol e ) AR R AR
(Peng et al, 2008), {HJEXT FHIYIMM, REHEEFR L
iz KAk 2 AR IR , (FAE (RN LA 1
ar BRI, BT LA H AT — B8 . 2 Y fh
B AE . GoEA b e R i AE h, HETE
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T et TS G ) B 9 TE 2R 8 (dcanthopagrus
schlegeli) (Peng et al, 2008). 4:3kif(Sparus aurate)
(Izquierdo et al, 2003)., 7R AR (Epinephelus akaara)
(EBEE S, 2016)%5F M HGE , WFIE & BLIE B L ]
AR i R A T A ) A R T B R R

VB e 1 A 7 S B i 44 eIk s, [T A A
(Verasper variegatus) R T3 | HIHEH, FL0M
e 30 5 1y i i AT, SR B R (M R T A
2017). HAY, [BISERE SR FRE T 0% T 4057
o FEL) ALFRAE T, PRUSAS SR R K ER o, T
K Al ) i D R 32 R B i, P, SR
i AR IR e SR BE . E T, DG T (B B A B R Y
HEE(B = 25, 2015), 4B F C TR | (L VIR,
2016) MM AR (B = =%, 2016; MR, 2016;
HEAERA S, 2017) Y BIESE A AR OCHRIE o TN (o] A A2
Tk, FTAE 2 AR A A 58 LA

ST A NS Mg gy U B2 3 Y e S SR B
R0 25%. 50%F1 75%K i, $FRTEHAT R BE 2 B4
A0 A AR BE UL A i 105 7R 55 3 88 37 L0 PR R W

1 RS
1.1 SCIgm

Py . BRE A AERMAR SRR AN
EEWE, IEMHEA 0. 25%. 50%H1 75%H) 4
T, P A(50%) . SRR (8 %) Y UKL T Ak [l 6}
FEA . IETEEE LB &% Q015K CELE R,
JEiCH RO, R25. R50 Fl R75, SZufapkbic 7 Wk 1,
XA YR FR B L IR I, aF 80 HIf, %
TR TS LRG3 5), #Hfah . iR G s, H5
HA R IFEHRE 53957, I 30% KB HE5), e
FH R L B B A2 3 mm 09 WURLERDREE 8 UKL T
12~14 h, il A 0B ARDR--20 C AR A7

1.2 RAHxERE

SCE A EUH IR B M S FF K& X R K = R 2
A o PR A A R RS G — Y [ B B 4 £ 360 2,
IR R (65.47+1.57) g, R N(15.14£0.56) cm,
BEMLZN 3] 12 AMAFN 330 LAY RAEIE 58 RH
Mk 3 AEL, BNESR 30 B, JFHLRRTHME RO
RHE SR 7 do SR, RAGUKSREEL, AR
KR IR EEVE R (15£1)°C L3RR 31, AN 5 mg/L
DI Lo SEBG M 2017 4F 6 H 10 H~2017 45 8 H 12 H,
gk 56 d, BRMERME 1)k, #MH 0.5 h J5 i i
WA W R, BET AR, BRI R .

¥ B %40 %
F1 FTRABRAINEFERTYIE, %)
Tab.1 Formulation and nutrient compositions of the
Experimental diets (Dry matter, %)
#4151 Grou
JEUBl Ingredient P
RO R25 R50 R75
8} Fish meal 50.00 50.00 50.00 50.00
FREEH 500 500 500 5.00
Corn gluten meal
A4 H1 Peanut meal 13.00 13.00 13.00 13.00
jcmwﬁﬁe 12.00 12.00 12.00 12.00
Soy protein concentrate
£yl Fish oil 560 420 2.80 1.40
53l Soybean oil 0.00 140 280 4.20
Bk High gluten flour 10.80 10.80 10.80 10.80
iR Al Premix’ .00 1.00 1.00 1.00
R,

RGO 100 1.00 1.00 1.00
Soybean lecithin
. .
AP 0.50 050 050 0.50
Choline chloride
s
R = A .00 1.00  1.00 1.00
Monocalcium phosphate
=R 0.05 005 005 0.05
Chromium oxide
B AL F] Antioxygen 0.05 0.05 0.05 0.05
&71T Total 100.00 100.00 100.00 100.00
H 2 Crude protein 50.73 50.20 50.19 49.98
LB Crude lipid 8.03 8.09 800 8.02

oL 4E A #E A, 375000 IU/kg, 4k # D,
75000 1U/kg; 4EA=% E, 3000 mg/kg; 4k % K; 900 mg/kg;
4krE R B, 600 mg/kg; 4E4 K B, 600 mg/kg; 4E4:E B,
600 mg/kg; #EAE B, 3.7 mg/kg; D-IZIRES, 2400mg/kg;
JEMR I, 4500 mg/kg; ML, 185 mg/kg; D-AE W2, 7.5me/ke;
WLEE, 3000 mg/kg; 4E4EZE C, 10500 mg/kg; %, 1750mg/kg;
4%, 1050 mg/kg; 4, 410 mg/kg; #k, 1150 mg/kg; 4,
60 mg/kg;fll, 50 mg/kg; fili, 15 mg/kg

Note: 1. V, 375000 IU/kg, Vps 75000 IU/kg, Vg
3000 mg/kg, Vks 900 mg/kg, Vg, 600 mg/kg, Vi, 600 mg/kg,
Vgs 600 mg/kg, Vg, 3.7 mg/kg, Calcium pantothenate
2400 mg/kg, Nicotinic acid amines 4500 mg/kg, Folic acid
185 mg/kg, Biotin 7.5 mg/kg, Inositol 3000 mg/kg, V¢

10500 mg/kg, Zn 1750mg/kg, Mn 1050 mg/kg, Cu 410 mg/kg,
Fe 1150 mg/kg, Co 60 mg/kg, I, 50mg/kg, Se 15 mg/kg

1.3 HmB&ESSH

SEGEE RS, SREERTM LA YUK 24 h, JEX 4
AT, FRE . FARBEDLER 3 B, sl
E A U RE I PR, T34 He (HST) A 44
Fb(VSD). SR BCHATFRMLIAL, 0I5 B 53 B g i
PR 2H ¥,
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F 2 KWRRIBERAER A M (L BIRIWTRRY T T L, %)
Tab.2 Fatty acid composition of the experimental diets
(Percentage of total fatty acids, %)

JIg 107 12 2H %1 Group
Fatty acid RO R25 R50 R75
Cl14:0 2.70 2.20 1.71 1.32
Cl16:0 19.55 17.55 15.65 13.77
C18:0 4.38 4.31 4.29 4.54
C20:0 0.34 0.35 0.33 0.36
C22:0 0.48 0.45 0.37 0.34
SFA 27.45 24.86 22.35 20.33
Cle:1 3.38 3.24 3.19 3.02
C18:1 18.59 18.78 18.02 18.09
C20:1 0.59 0.58 0.53 0.53
MUFA 22.56 22.60 21.74 21.64
C18:2n-6 25.21 30.21 35.65 39.43
C18:3n-6 0.09 0.07 0.08 0.06
C20:3n-6 0.03 0.03 0.03 0.03
C20:4n-6 0.44 0.42 0.42 0.40
n-6PUFA 25.77 30.73 36.18 39.92
C18:3n-3 1.98 2.48 3.00 3.66
C18:4n-3 0.69 0.62 0.66 0.58
C20:4n-3 0.25 0.23 0.23 0.21
C20:5n-3EPA 6.35 4.85 3.35 2.24
C22:5n-3 1.06 1.03 1.03 1.01
C22:6n-3DHA 5.74 4.25 2.75 1.87
n-3PUFA 16.07 13.46 11.02 9.57
DHA+EPA 12.09 9.10 6.10 4.11
DHA/EPA 0.90 0.88 0.82 0.83
n-3/n-6PUFA 0.62 0.44 0.30 0.24

. SFA: MIRMIASHEER ; MUFA . BARIFIAS AR 5
PUFA: ZAFAENIR. TR

Note: SFA: Saturated fatty acids; MUFA: Mono-
unsaturated fatty acids; PUFA: Poly-unsaturated fatty acids.
The same as below

TAREEE S o FRE B LA AR &Y 105 CHEF S, R
FL I & A 0 745 M & B & (VELP, UDK-142
automatic distillation unit, = KF)); RAHARKAEE
(Y Tk Ry B2 80 I AL ARG 117 75 £ (FOSS i il 1
SOXTEC-2050, HiHi); Kefdh7E 5 gl (550°C)h 4y
5% 6 h AT K ik o

J W BRI 5 T v« 0 S B I R ) R o R
Qiao 552015/ 7 LT AR Ak o BUIT A5 AR i e H i
MO O bE W W 2wl JE AT SOM 6% I (5
GC-2010) , Fir F & 40 1L 48 #£ & Supelco SP-2560
(100 mx0.25 mm, BE/EREE 0.20 pm), HEAE ORI &%
P E N 260°C, FERTHRFEF A A 140°CLA

4°C/min A THE 2 240°CHFIEIR 10 min, LIl
RN, WiL5 37 FAEHIR T B AR(Supelco 2
w52 EDX IR E MR TR 53 o ARSI AT

148 % (Weight gain rate, WGR, %)=(fa{kk &
R W] )/ A EE > 100

715 % (Survival rate, SR, %)=355 K Ak 50/
SR AR K< 100

AL Z % (Feed conversion rate, FCR)=$¢/7] i/
S

3% B (Condition facter, CF)={A& 5 /{& K% 100;

JEAA BV (Viscerosomatic index, VSI, %)=P4 I i &/
IR AR i %100

JFAA H (Hepatosomatic index, HSI, %)=HT i Jfi &/
SRR AR B X 100,

1.4 HESIT
SR R T Excel 2010 F1 SPSS 17.0 #k{4F k47
Siitor#r, Bk 2e 5 BE R Duncan's #HfT£H

Feds, 52K P<0.05, B LI B E hn eI 3
7~(Mean=SE),

2 #R
21 TaBREMEENEELEEKAERR A
SEA)

T Y A 2 3k 0T 52 B 8 &y £ A KRR A
A LR 3. 25% AR A0 WGR 3 i T4 IR 4]
(P<0.05), Ffig SR TR, WGR 2B
LA 35(P<0.05), 25% R4/ FCR W& IK T XF I
ZH(P<0.05), FCR 2T & i (P<0.05), SR %A
i 2 M 25 7(P>0.05)

*3 EhEBEREHXED 2R A% KA
RIS A B 22 e
Tab.3 Effects of fish oil replacement by soybean
oil on the growth performance and feed utilization
of juvenile spotted halibut

4 51 HE R TEE % GEEEEY
Group WGR (%) SR(%) FCR
RO 61.810.65° 96.67+0.00 1.31£0.01°
R25 76.58+1.55° 95.56+2.94 1.06£0.02°
R50 51.91+0.76° 97.78+1.11 1.32+0.01°
R75 45.09+0.24¢ 94.44+1.11 1.46+0.01°

W [FFIAETE: AR 225 B 3E(P<0.05), TR[FE

Note: Values with different superscripts in the same
column indicate significant difference (P<0.05), the same as
below
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2 R % 40 %

22 EHEREHNERESRPENRNTIEASTH
A

WL 4 T, A g 0 5 B L A 4 £ UL
WL E . RLIR I . K 43 FOK 43 TG B 3 M
(P>0.05) M\F& 5 ATLIA H, KL AR f g X 5] B A2
fif ) HSI., VSI A1 CF JC 2 LW (P>0.05), [H/&Ff
F ISR 3G i, HST AT VST S B ETHR a3,
JF U B9 i s 0 B o 9 2 A KT B 38 2 3T
HaH, GRS R F] 50%M1 75%0F, FFAEA A
i i d 2 v T I 2H (P<0.05) (35 6).

x4 THEBEREHAVEHMESENENAETZEHINZMN

Tab.4 Effects of fish oil replacement by soybean oil on the
muscle composition of juvenile spotted halibut

4lm MEH HELIE D5 KAy Koy

Group CP (% DM) EE (% DM) ASH (% DM) Moisture(%)

RO 69.62+£0.16 9.22+0.09  6.08+0.19  77.11+0.24
R25 69.64+0.09 9.16+0.41  6.63£0.46  77.12+0.59
R50 69.38+0.06 9.23+0.07  6.96+0.21  76.63+0.19
R75 68.98+0.55 9.16+£0.07  6.88+0.50  76.35+0.20

%5 EhEBER&EHMEREHRLEESERETNE
Tab.5 Effects of fish oil replacement by soybean oil on the
morphometry of juvenile spotted halibut

4151 A L A EE 5 3
Group HSI (%) VSI (%) CF
RO 0.910.08 3.78+0.23 2.73£0.07
R25 1.06+0.10 3.83+0.14 3.15+0.25
R50 1.19+0.09 3.80+0.16 2.8040.07
R75 1.17+0.15 4.28+0.21 2.75+0.08

*k6 THEBEKEHNERERSE
BB AE A FR7K 4 B9 520
Tab.6  Effects of fish oil replacement by soybean
oil on liver composition of juvenile spotted halibut

245 Ko FHRE Wi

Group Moisture (%) EE (%DM)
RO 69.06+0.33 30.75+1.69°
R25 68.32+1.59 33.90+0.96%
R50 68.27+0.82 36.76£1.23"
R75 66.02+0.76 37.21%1.64°

2.3 EimER & E B2 R4 & AL A S A ER A 2

2R RS (B R R 4 £ L IR IR I R 1)
Wi DL 7o Bt ARDRE P b K AR, I B R A
£ JJL Y AR RN D7 R (SFA) B it 52 S0 Il 1) eI 2

(P<0.05); AR ARG BT B2 (MUFA)H, BR T C18:1
Z A, HoAth 2 FhRE R G B AR E I W R R
(P<0.05); ZAMUANRPIRR(PUFA)T, WIHPR(C18:
2n-6) FIE R R (C18:3n-3) i 3 T &1 (P<0.05), Tk
M R (EPA) FIl -+ Zfilk 7S 45 iR (DHA) W] & 2% R AIK
(P<0.05); mEAIFIARNIBR(HUFA)H, n-3 KiEZA
T FIAR  R Ah, 3 FRAIR(P<0.05), n-6 KEEZ
AT D R 1) % it 3 FH 195 (P<0.05) , EPA Fll DHA
(1) 5\ 75 5 (EPA+DHA) i #F &K (P<0.05), n-3 KiEZ
AR TR S n-6 4% 2 A0 A S 7 B2 /9 L AE
(n-3/n-6PUFA) . i} 2 F& 1K (P<0.05).

3 g

30 EmEREmXEHESRYEERKMNERF A
957 M

A SE g, A Y A R R R R
I E FE AR o TEABFFEH, e Fe B S AU 3%
AR AR B AR R PERE . B R OC TR ) i R A A2 g 52
BEAREZHGE, 76K EH (Micropterus salmoides)
(Subhadra et al, 2006) . JW) # 4 (Diplodus puntazzo)
(Piedecausa et al, 2007), WLEE(Oncorhynchus mykiss)
(Richard et al, 2006)5E IR /K iF 55 & B, AP
G3BE ATRARACAh X fa R B AR KT R e 7R R
i A B (Epinephelus coioides)(1zquierdo et al, 2003) .,
43k 4 (Sparus aurata)(Izquierdo et al, 2005), K
(Larimichthys crocea)(Z% 5%, 2015)., KZE6f
(Scophthalmus maximus L. Y32 8555, 2015)%5 /K
AIBIE ST A B, A A a8 43 A o AN 52 o o AR 1Y A=
Ko, (HR AR A A 2 355 i R 4 2 A
Ko XFFRLERFRER, A F IR 98 i ot
C18PUFAIf 1 i A 0ot B IR it oK i (1.2, 7 1) e
SRNSEEE k7R Bt o~ R EE R N2 3 A < S 2 B N A
RIS (Turchini ez al, 2009), B FRK A EHA —45¢
R H Bn-3 K HE 2 A S TR (n-3 LC-PUFA) & AL
ML, AR s B C18PUFA, K A #3h o] LA 4
K R AL TG W7 R o {HUJ2 i T 7K fa e = A0 I )
B RCHLE, 3 A Y EE i BRI X n-3 LC-
PUFARYT; 2K, PRIHCAE A0 AS BE I 12 o ¥ /K £
YTEPAFIDHA K75 (Tocher et al, 2010), {EAHFZE
rh, ARk A TR B B 2 T 2 S R AI [R] XE A AE Y
AR, MR TIE TR B e LA A £ g 23 5
MK AR X — 4510 . A FEASAIE 58 vt & 81,
25% KL IH R A A B [ B AL Y AR KPR RE AR T i 4
OV AR ), Dt PR AT GBS fa y A 1Y S RS TR



5% 4 HRHEA S TR 0T 58 B A2 A 4y i A K 0 UL PR TG O TR A 5 i 43
F7 2HBR &M EDE 84 &N AR ATER A R BN SR IIR I E 4T L, %)
Tab.7 Effects of fish oil replacement by soybean oil on muscle fatty acid
composition of juvenile spotted halibut(Percentage of total fatty acids, %)

g i 1 24 5] Group

Fatty acid RO R50 R75

C14:0 2.10£0.06° 1.704£0.05° 1.92+0.06" 1.61+0.06"
C15:0 0.26+0.01 0.19£0.01° 0.22+0.01° 0.19£0.01°¢
C16:0 16.12+0.57° 14.48+0.58% 13.92+0.57° 12.55+0.60°
C17:0 0.39+0.01° 0.42+0.01° 0.39+0.01° 0.39+0.01°
C18:0 5.4240.12° 7.19+0.11° 6.00+0.11° 6.15+0.11°
C20:0 0.15+0.01° 0.56+0.01° 0.14+0.01° 0.15£0.01°
C22:0 0.41+0.01° 0.20£0.01¢ 0.25+0.01° 0.23£0.01°
SFA 24.85+0.77° 24.74+0.78° 22.84+0.77% 21.27+0.77°
cl6:1 2.89+0.06° 1.8940.05¢ 2.29+0.06° 1.97+0.06¢
C18:1 13.89+0.57 12.48+0.58 13.21+0.58 12.15+0.58
C20:1 1.27+0.06° 0.85+0.06" 1.02+0.05° 0.97+0.05"
MUFA 18.05+0.69° 15.22+0.70° 16.52+0.71%® 15.09+0.69"
C18:2n-6 18.05+0.57° 20.89+0.57° 23.51+0.58° 25.12+0.58°
C20:4n-6 1.1540.05° 1.4240.06® 1.26£0.06" 1.47+0.06°
n-6PUFA 19.20+0.57° 22.3140.54° 24.77+0.58" 26.59+0.55
C18:3n-3 1.30+0.05° 1.28+0.06° 1.99:£0.06 2.09+0.06
C18:4n-3 0.49+0.01 0.28+0.01¢ 0.44+0.01° 0.36+0.01°
C20:4n-3 0.28+0.01° 0.22+0.01° 0.24+0.01° 0.23+0.01%
C20:5n-3EPA 6.90+0.12° 6.59+0.11% 6.36£0.11° 6.2020.12°
C22:5n-3 2.02+0.05 1.89+0.06 1.97+0.06 2.08+0.06
C22:6n-3DHA 14.04+0.57° 13.70+0.58° 12.10+0.58% 11.28+0.57°
n-3PUFA 25.03+1.15 23.96+1.14 23.10+1.15 22.24+1.15
DHA+EPA 20.94+0.58° 20.29+0.57% 18.46+0.57" 17.48+0.57°
n-3/n-6PUFA 1.30£0.06° 1.07+0.05° 0.93+0.05" 0.8320.06°

e AT R B AR08 22 5 W2 (P<0.05)

Note: Values with different superscripts in the same line indicate significant different (P<0.05)
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LC-PUFA N BE S 1 481 0 I 1A 38 B 0 % 2 Mk o
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&8 H-1c (Sterol regulatory element-binding protein 1c,
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VFZ I 2RI, BRI 5 TR 20 B 2\ 3 52 ) £ {4
JUL AL o 8 ) AL, 1T A ) o 22 O I R 2 ol e sk
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e FEAMEGE H, BEE AR G AR, R B
B LA F C18:2n-6 Al C18:3n-3 A& & W F T+
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Growth and Fatty Acid Composition of Juvenile Spotted Halibut (Verasper
variegatus) Fed Diets with Fish Oil Replaced by SoyBean Oil

ZHENG Jianming', ZHAO Jiejie', CHEN Siging', CHANG Qing'*",
YAN Junli’, ZHU Zhifa', LIU Changlin', HU Jiancheng'

(1. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071,
2. Key Laboratory of Sustainable Development of Polar Fisheries, Ministry of Agriculture and Rural Affairs, Qingdao 266071;
3. Shandong Vocational Animal Science and Veterinary College, Weifang 261061)

Abstract An 8-week experiment was conducted to investigate the effects of the replacement of
dietary fish oil (FO) with soybean oil (SO) on growth, lipid deposition, and fatty acid composition of
juvenile spotted halibut. Four isonitrogenous and isolipidic practical diets were formulated with SO
replacing 0, 25%, 50%, and 75% FO, respectively. In total, 360 juvenile spotted halibut, with an initial
body weight of (65.47+1.57) g were randomly distributed into four groups; three replicates were used per
group and 30 fish were used per replicate. The fish in each group were randomly fed one of the four
experimental diets. The following results were obtained: (1) Compared with 100% FO group, the feed
conversion rate of spotted halibut was significantly increased (P<0.05), whereas the weight gain rate was
significantly decreased (P<0.05). (2) SO replacement levels had no significant effects on body
composition and muscle lipid content of juvenile spotted halibut (P>0.05), but had a significant effect on
the liver lipid content of juvenile spotted halibut (P<0.05). The liver lipid content in the 50% and 75% SO
groups was significantly higher than that in 100% FO group (P<0.05). (3) The fatty acid composition in
the muscle was positively correlated with dietary fatty acid composition. Compared with the 100% FO
group, the content of linoleic acid (C18:2n-6) and linolenic acid (C18:3n-3) in the muscle were
significantly increased (P<0.05), whereas the content of -eicosapntemacnioc acid (EPA) and
docosahexaenoic acid (DHA) in the muscle were significantly decreased (£<0.05). This study suggested
that there were no significant effects on the growth of juvenile spotted halibut when dietary fish oil was
replaced by soybean oil. However, the fatty acid composition of muscle was significantly altered.

Key words Soybean oil; Fish oil; Spotted halibut; Growth; Fatty acid of muscle
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Wang CQ, Li BS, Wang JY, Huang BS, Sun YZ, Hao TT, Ma CX, Zhou Y. Effects of dietary Bacillus subtilis and yeast culture on
growth, serum biochemical indices and antioxidant capacity of juvenile hybrid grouper (Epinephelus fuscoguttatus? xE.
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2. BBIVERZFKTE 54 aEb KT RREER R T RABF R L B 201306)
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KLk, A2 FHBT A R4 i R 33 B 7K 77
WA, (Bl THUAEREAW SR E , 15 EL,
MR A VA, I REf% 38 1ok £ Wik 52 A fdt Rl . [
i, Bl JChiFRE B AR, AR C g™
RS a4 i T HRA MR A P2 bR ]
HCAE I AR TN K i 4E F 08, B ather, ©
S 2 W T T K SR E  (Nayak, 2010), Hir, #ifi
2RI B (Bacillus subtilis)#% 23 IA b & —Fh B
RAEHM a5 2418, REfBTEsh W ImiE WA, nWiER
. VEMEEZMESE, JFEMERRE, 4L
(Sparus aurata L.) (Cerezuela et al, 2013). F45hifa
(Catla catla) (Sangma et al, 2015). JL44 & X} 4F
(Litopenaeus vannamei) (Liu et al, 2010)45 7K 7= 3l ¥y 1)
o3RI, JLRBAE (R LI AL W s S e fig T .

) 5% 75 W) (Yeast culture) - % 5 4 B2 04 41 ig A<
B R SR, R R AR, Be A I AIE T
AR EEESE, . K. AULER . ZERER-HR
WL H S ZEM) . EIERRSF (RO A, 2015), JCH Y
K 7 AR RL R Tz WS A . 7E A Sk
(Megalobrama amblycephala) (%% =%, 2009), 7 H4H
fiffl(Carassius auratus gibelio) (fx#:5%, 2010), % [A
#F(Macrobrachium rosenbergii) CEMER4E, 2012)557K
PR LI T R, BERERE SR AN A AR K
FE W8 I A S IR, I BREE SRALIR B A L g
J1, v,

ARk, K& 2Bk I A BE 4 (Epinephelus
fuscoguttatus? x Epinephel us lanceol atus?)FFFE HR YA
W K, IR R G S 5 ) A B Ay 5 i) B £ 5
RIER EL MR, RIAFRIESS, K™ sh P e s v ik
N AE N PREERE T 0 , T Y TE S A PN 1S 5 I A
VE RS TIFRIRCR o 25 (2032 5%, 2012), 4T
I, ASBIFFEADL A B 22 B e IE A B0 £ i 1 v 73 25 LR AR
U N AR TE AR . PR EERE 05 . PR A 2R A
Froamtk, JEHEATORF L IE, BRUTHRDEE IS S 28
FELFT TR A EE R IG TR 2 SR e IR A B fa gl R L i
HAEATEYR . iESUARE )1 BTN UL R T 52
M), DA A B2 2R I8 A B 10 4 P iR i 29 0 Al

1 #MR57EZE
1.1 ZFFAF 0 57 BY ) 5 A0 48 A3 6

S DR 5 22 B e IR A B £ i T A0 B P 40 S R
BE AN ZE AT R AR, R4 T R A, O 2R
PRI, MR ERHRMA . SL8 Ik S E
FQOITB T, IEREBS, BT . WA

T, WK EBaRaRIE, B TEoET, KL
PRSI, WIBUR, R E T 70 CHE KGR
K 30 min, 2 J5 K i TEACHRS B JFR R A 12 10 FkR
J&, WA THARESRIL L, SR 37CHEFE 24 he ZJ5
Pk B ia AR L E A K A TGN | A
FF . RIHRE T TR R TR T2k %57, IFHIVE R
T i — D 5 o B RN AL R ML T 16S rDNA
FRNAEE , [FIREZ % R 75 2R 4 (2001) Y J7 ¥ 647 AR 3
AEAEE , SR AEARE BT, BETT R B RE ) 4
B, 08 7 B RE ) 9 0 AG FZF AT IR AR, SRE R
75 308 PO A B ZE AT IR P AR R B . TR L TRA, AR
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DLy | P ER AR R B RO B R,
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F1 ZBREABEAREFRED (TR, %)

Tab.1

Formulation and proximate composition of experimental diets (Dry matter, %)

JE 415 Groups
Ingredients YOBO YOB1 YO0B2 Y1BO Y1B1 Y1B2 Y2BO0 Y2B1 Y2B2

ff1 4} Fish meal 25.00 25.00 25.00 25.00 25.00 25.00 25.00 25.00 25.00
KREEH 18.00 18.00 18.00 18.00 18.00 18.00 18.00 18.00 18.00
Fermented soybean meal
fi§ & Casein 9.00 9.00 9.00 9.00 9.00 9.00 9.00 9.00 9.00
gﬁdﬁ?ﬂﬂﬁgﬂ 1 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Vitamin premix
H%E\%ﬁ{ﬁ/‘ﬂ 2 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Mineral premix
KEIIBERE Soy lecithin 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
ffi il Fish oil 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00
Ay .. 37.00 36.50 36.00 36.50 36.00 35.50 36.00 35.50 35.00
Other composition
1‘ﬁ$§@ﬁ% 0.00 0.50 1.00 0.00 0.50 1.00 0.00 0.50 1.00
B. subtilis
FEEER 35 Yeast culture  0.00 0.00 0.00 0.50 0.50 0.50 1.00 1.00 1.00
BT Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
J%4r 4081 Proximate analysis

MAEH Crude protein 52.03 52.15 52.57 52.23 52.52 52.73 52.48 52.81 52.95

HMUAERG Crude lipid 11.38 11.45 11.56 11.47 11.74 11.88 11.60 11.72 11.86

MK 4> Crude ash 9.02 9.30 9.45 9.16 9.34 9.18 9.12 9.45 9.61

e 1 4 ZIR SR (mg/kg or IU/Kg kL) : 442K A, 7500.0 1U; 4i4:2 D, 1500.0 1U; 4E4-% E, 60.0 mg; 44
H Ky, 18.0mg; 4K By, 12.0 mg; 4i2E# B,, 12.0 mg; 4l &K By,, 0.1 mg; 2R, 48.0 mg; MBENE: 90.0 mg;
B2, 3.7mg; D-AEYE: 0.2mg; WM, 60.0mg; 4EAZE C, 310.0 mg

2. WY IR A B (mg/kg fARL): BE, 35.0mg; 4, 21.0 mg; 4, 8.3 mg; £k, 23.0 mg; 4G, 1.2 mg; M, 1.0 mg; M,

0.3 mg

Note: 1. Vitamin premix (mg/kg or IU/kg diet): vitamin A 7500.0 IU, vitamin D 1500.0 IU, vitamin E 60.0 mg, vitamin
K; 18.0 mg, vitamin B; 12.0 mg, vitamin B, 12.0 mg, vitamin B, 0.1 mg, pantothenate acid 48.0 mg, nicotinamide 90 mg, folic
acid 3.7 mg, D-biotin 0.2 mg, inositolum 60.0 mg, vitamin C 310.0 mg

2. Mineral premix (mg/kg diet): Zn 35.0 mg, Mn 21.0 mg, Cu 8.3 mg, Fe 23.0 mg, Co 1.2 mg, I 1.0 mg, Se 0.3 mg

1.3 HRilkE

FIHLIEE WG, WLyl 24 h, NEEAFE
FEARBEDLE 5 Rt dEATig ], 438 a2, ik
A B 5 U RS 2R A R . 2 )5 VA
FEVEAR T REPLE 5 B0, HICHES S, KRR E
FRIBCIIL Y 3464 7 3L , B 1LV 4°C#+& 4 h,3000 r/min
B0 10 min, /NCRFIITER S, 25 BE AR A
o FERIE PRI E S, R H]-80 CR AL VKA
A, AT EBISER 5T,

1.4 MNEHERSFTZE

4 K IEAF
0% K (Survival rate, SR, %)=100xZK EE/#)
if AL

14 7 K (Weight gain rate, WGR, %)=100x (£ KK

1.4.1

H A UG/ 46 A B

142 @A fedsir MIETH I ERSERRER A H
S ARSI HTAL(7020 B, Hitachi, HA)ME, Wl
EFbR EEAFHE . TR % B (Cereal third transaminase,
ALT). 5% i(Aspartate transaminase, AST) . &tk
Wi R ik (Alkaline phosphatase, AKP). 1% [ (Albumin,
ALB).

1.4.3 i il 4 B AL 38 AT i 38 4R A W AL T
(Superoxide dismutase, SOD). i % 1k & [iff(Catalase,
CAT). N ¥ (Malondialdehyde, MDA) LA I B4i b
fit 71(Total antioxidant capacity, T-AOC)¥J % FH 5§ &t
BUAE ) ARG TR @ , TG o S ELAAR I
RS B G U .

144 AIHFER JHAS S50 38 R A7 T 220 25
7E MBS YN EE (Vibrio anguillarum) & R iE 4T HCeE 525
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2 R 40 &

TSR 2 - BOUIRE , S B4 5% (2014) )7 k0%
BB, g RiE, NI THER 8 Bfmitfr
AR, M8 s 1 A2 B MR B (5 10° CFU/ml) 1,
FRIR 50 g 7 I 1B T 5 50 wl AR BEER /K B PR Y 6% I
B, AralicsRiESE 1. 24, 48, 72 F1 96 h fJ3E
T2, JF R AE A, T BRI R

1.5 BIRGZIT S

KM SPSS 19.0 HfFi#kAT 5K 3 J7 2243 HT(One-
way ANOVA), FFIIEHEARUEDR (Mean=SE) K £ 7R it
S B 9 AT Tukey’s K56 7 % 52 56 K gk
TZEIE, X P<0.05 B, FREAREEER,

2 RS54

21 HEFAMENBSERYNYHEERKBTIE

2 Al #ifa SR AT 91.11%~98.89%, A~
[i) S 56 £ [0] G f2. 3 22 5 (P>0.05), Rl 0 2 S0 T 181 A
Y55 35 W 6 4 01705 R0 5 W B R B S A
YEH(P>0.05). FERABEREE SR YU K-, Pkl
WA B RTS8 WGR i 35 5 TR I Ind
(P<0.05), H7EZ M B TC W3 2 % (P>0.05), 7E5F
A B ZE AT A K, Bl R R R R R
IR, 4t WGR BTHEERAL, 76 0.5%
WAL %) WGR e, 38 = AR A 1.0%

WINZH(P<0.05). SLIRE5 R /R, 4 WGR 7E Y1BI
M Y2B2 Ak FHem KT, W TR IRALR Y2B2
4 (P<0.05), 1 Ak B ZF 60 KT B ) 15 552 1 % &)y £
WGR ¥ A £ 2 1938 HAE I (P>0.05),

22 WHEFHAEMESERYLEMNEENE
N A

% 3 A, TEREEERE RS SR K, BEE
TP bR B ZEARAT BN I B, 4 ALT
16 1 e RS T 5 (P<0.05),  FLYEAR JIN2H (8] G & 2% P
2 5(P>0.05), 7ERFHG B ZEAAFT R AT, R
INEERE RS IR Y, Al ALT 3% Sl 5 e )5 T+
EaR, ABRUER 2R R A 1.0%K 0, A
[RlSCYR AL I E ALT 36 J14 35 25 5 (P<0.05) o A
ZESOAT I B R YT LS ALT 36 %A R 8
i E A BAEF(P>0.05), IiLiE ALT i 178 Y1B1
UG A IR B ARE, WEINT X AR Y2B2 4
(P<0.05). Zhfalfili AST % /1 ¥R ALT HILAG 7R
Fea B, (B B 2F AT 1 RN B B 15 2 0% 135 AST
T 1Ry s B 2 A58 B AR (P<0.05),

i B ZE AT TR RN BE B SR 06 0 AKP 16 J7 1)
SN R B I 25 1 22 AR I (P>0.05) , IiLiE AKP i
JITE YIB1 SEH 2R e AIfA, o 250 T X0 BRZE A
Y2B2 #(P<0.05), [AliF, SLERZ5R B, hminig
ALB 7 75 [F) 52 56 20 4 6 i 25 1 2% 55 (P>0.05)

£2 BHEFHRAEMEREZRYIESE KIEMIBEN
Tab.2 Effects of dietary B. subtilis and yeast culture on the growth indices of juveniles

HiH il B 2 LT A [aS3E Y] LR GEENEEY LR E FT % By E R
Items B. subtilis (%)  Yeast culture(%) IBW(g) FBW(g) SR(%) WGR(%)
YO0BO 0.0 0.0 23.42+0.09 77.85+0.49° 94.44+2.94 232.38+1.35°
YOBI 0.5 0.0 23.38+0.14 80.60+0.24% 93.33+3.85 244.77+1.40°
Y0B2 1.0 0.0 23.38+0.03 79.48+0.55 98.89+1.11 239.97+2.56°%
Y1B0 0.0 0.5 23.46+0.03 80.00+0.50% 92.22+1.11 241.07+1.83%
Y1BI 0.5 0.5 23.41+0.09 83.15+0.06° 95.55+2.22 255.18+1.44°
Y1B2 1.0 0.5 23.43+0.05 83.08+0.45% 95.55+2.22 254.54+2.13%
Y2B0 0.0 1.0 23.46+0.09 78.58+0.63% 91.11+2.22 234.99+1.44%
Y2BI1 0.5 1.0 23.38+0.08 81.07+0.20* 94.45+2.22 246.76+0.60"
Y2B2 1.0 1.0 23.40+0.07 79.87+0.21 94.45+2.22 241.30+0.11°¢
722578 (P ) ANOVA (P-value)

M HZEHLFT B B. subtilis (%) 0.189 0.000

B2+ B 3% Yeast culture (%) 0.530 0.000

A2 HAE F Interaction 0.727 0.242

T R IFESE bR R/NG 7 B0 7 B RS 22 58 1.3 (P>0.05), ARG FRERIR 22 5 .35 (P<0.05), T 3&[H
Note: In the same row, values with same small letter superscripts or no letter superscripts mean no significant differences
(P>0.05), different small letter superscripts mean significant differences (P>0.05), the same as the following
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Tab.3 Effects of dietary B. subtilis and yeast culture on the serum biochemical indices of juveniles

T H Hili B 2 LT B [aS3 Y] e 1 B HEH i P 5 T il
Items B. subtilis (%)  Yeast culture (%)  ALT (U/L) AST (U/L) ALB (g/L) AKP (U/L)
YOBO 0.0 0.0 234.50+£1.86"  46.44+0.65 7.55+0.03 108.11+1.67°
YOBI 0.5 0.0 219.12£0.92°¢  42.42+0.53% 7.47+0.09 93.55+0.39°
YOB2 1.0 0.0 223.90+£2.72°¢  42.59+0.41° 7.63+0.15 95.37+0.74%¢
Y1BO 0.0 0.5 227.47£2.22%°  45.09+0.39% 7.57+0.12 99.71+0.88°
Y1B1 0.5 0.5 214.80+2.47°  38.82+0.75° 7.57+0.15 87.85+1.14"
Y1B2 1.0 0.5 216.00+2.08%  39.3440.49° 7.57+0.09 90.31+0.72°"
Y2B0 0.0 1.0 232.20+1.60"  46.62+0.65 7.57+0.12 104.43£1.15°
Y2B1 0.5 1.0 218.37+1.56%  40.98+0.47% 7.43+0.18 91.88+0.60%"
Y2B2 1.0 1.0 226.71£2.34%°  44.20+0.32°° 7.53+0.09 97.10+0.44%
J7 22087 (P {) ANOVA (P-value)

i B ZEF0FF 1 B. subtilis (%) 0.000 0.000 0.626 0.000

i RERE 37 ) Yeast culture (%) 0.001 0.000 0.840 0.000

2 HAF Interaction 0.434 0.017 0.947 0.090

23 MEFAARNBSEROMYEHERENL
RE 1Y R2 I

FAR R, W R ZE AT O R B B R Y 0 B i
SODIE H B, F£BH 2 38 HAEH (P<0.05), 7E
TATERE R SR YK, DRk b s RS B 2 T T 4
T 4B SODIE 771, 1E0.5% i B 2E AT 18 52 46 4 )
IESODIE Ji i, WM TARBIMAL(P<0.05). 44k

IR IAT B R KO R0.5% 1 1.0% ), falel v s fin
0.5%ERERE TR YR 1 25 42 = 1 1 SODI 1 (P<0.05)
Ji73iE SODTG HAEY IBI 4Lk Bl i e, & & T X
ZHFIY2B24 (P<0.05) o FaAH R I8 A o 25 AT b
BEREFRY), X445 78 CAT I T-AOCE i [5] SOD A
FEARL I 75 Ak #a 3 (P<0.05),  TIA B 2F 74T B8 e BE 35
FEW % 7 1 CATIE 1 M T-AOC Y 5 Wi JC 1 % 32 H.AF
1 (P>0.05).

T4 HEFATEMEBESEFUNGEHEREILEN D

Tab.4 Effects of dietary B. subtilis and yeast culture on the antioxidant capacity in intestine of juveniles

17 SRR . - BILEMEES) e e —
sigE| I W By AL T-AOC A E R CAT N MDA
Items B. subtilis (%) Yeast culture(%) SOD (U/mg prot) (U/r-ng prot) (U/mg prot) (nmol/mg prot)
YO0BO 0.0 0.0 51.95+0.89° 0.43+0.01° 12.31+0.48¢ 6.21£0.09%
YOBI1 0.5 0.0 57.10+0.98" 0.46+0.01% 14.34+0.63%¢ 6.12+0.15%
YOB2 1.0 0.0 53.40+0.44% 0.43+0.02° 12.71+0.59¢ 6.05+0.05%
Y1BO 0.0 0.5 52.58+1.25° 0.45+0.02" 13.92+0.40% 6.18+0.12%
Y1B1 0.5 0.5 61.85+0.95" 0.52+0.01% 17.41£0.46% 4.63+0.09"
Y1B2 1.0 0.5 60.91+1.03% 0.51+0.01%° 16.39+0.48%>¢ 4.50+0.04°
Y2B0 0.0 1.0 53.39+0.79% 0.4240.01° 12.58+0.65¢ 6.23+0.18%
Y2B1 0.5 1.0 59.94+0.49%% 0.47+0.01%° 17.09+0.86* 4.89+0.01°
Y2B2 1.0 1.0 55.57+0.89°% 0.4440.01° 14.05+0.35% 6.47+0.13%
75 243K (P {&) ANOVA (P-value)
M8 2E AT B B. subtilis (%) 0.000 0.000 0.000 0.000
i Yeast culture (% . . . .
i1 BE 72 ) lture (%) 0.000 0.000 0.000 0.000
A2 HAEH] Interaction 0.010 0.292 0.148 0.000
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2 R 40 &

M RERE S KR 0.5%0F, ARl e s A L
ZEAFT I W R T miE MDA &1 (P<0.05); iy
B EERE SR MIKSE N 1.0%0), 0.5%H 55 25 04T 1 48 fin
HahfallpiE MDA & W E IR T RIS NA A 1.0%7K
L (P<0.05), ARASINLA 1.0%7KF-2H TG . E k22 57
(P<0.05), 71 MDA & E7E Y1B2 ik B &AE.
o ZE ST TR AR RS 2 W05 i3 MDA &5 152
R 3 28 AR H (P<0.05).

24 HEFAMAENBSERYUNENERSEY
B RMEETRNIZIT

5 WoR, TEEANEEREEFRYACE, mkEHR
A R ZE AT B R T 68 O TR R S A 0 A
R, EMFEFRFEAKE N 0.5%M, RPFERE
F i T ARSI (P<0.05) . 7E & A4l 7L 2 A FF 3 7K
-, APk S N R B SR W G 4 i R AR R —
SEHTIN, EL2% Ak BHAH ] JC . 35 PR 0 (P>0.05) . B85
W 5 2 2R e I A0 B 4l 8 R AT R AE Y1B1
Yfewm, W3 T4 IAL(P<0.05), A% 2 A0 FF 1 A1
PR 1 % W %oF &) i R A7 48 10 52 e B A Bk 3 1 22
HAEH(P>0.05),

®5 NMEFAMEMBSEFRYIIEINE
WERYERREFEENFM
Tab.5 Effects of dietary B. subtilis and yeast

culture on the cumulative survival rate of juveniles
challenged with V. anguillarum

MR REERY BRUEER

I H
Items IR Yeast Cgmulative
B. subtilis (%) culture (%) survival rate (%)
YOBO 0.0 0.0 10.00+5.77°
YOB1 0.5 0.0 36.67+3.33%
YOB2 1.0 0.0 23.33+3.33%
Y1BO 0.0 0.5 16.67+3.33¢
Y1BI 0.5 0.5 43.3343.33"
Y1B2 1.0 0.5 40.00+5.77%
Y2BO 0.0 1.0 16.67+3.33°
Y2B1 0.5 1.0 36.67+3.33%
Y2B2 1.0 1.0 26.67+3.33%
J7 250 #r (P {H) ANOVA (P-value)

FHELZEAIFT I B. subtilis (%) 0.000

B R B 354 Yeast culture (%) 0.021

22 HAEH Interaction 0.472

3 iTig
3.0 MEFAFEMBEEEYNSEEKNEZE
MRS BN, BRI IN0.5% R RS F= Y |

0.5%85 1.0%Hk 55 25 HUAT B I, B2 2R Jp 0 A K1 4 1 g
AR AT B R IIWGR, - R WIARDRL Hh s 0 B /K- 1) T
BE 55 S ) FIAS B ZEFRAT A, REXT fa AR A 4 7= At 2
PEFEAEF o Liu%F (2012)7ERbais 41 B | X1 55 45 (2011)
TE 7% 32 15} (Acipenser  baeridxAcipenser schrenkii @) .
R2FZ S (2007)1E JLANEEXT IR O AF 5T P R B, 1E
A B ZE AT TR BB S HE = A AR Y AR KPR RE L I, i
245 (2016)BFFEIESE , fAPEHR SN 0.30%~0.50% 1 1)
K= VI RENS 10 3 P2 5 FLANIE XS R WGR; WML AE
(2014) 7£ #1111 (Ctenopharyngodon idellus) #F 57 th %
B, BERERE SR AR AR I 0 AR A K T T A B AR
X SRR R A TR, RS RITh A R
MR . BAR . AR APRSE R LU
— SR AEAE KHF, w AR i aE P A W e R e A
KA AL B SR Y BT, VEA #5 3RE AAC I A G
77, IRIR AT R A5 3 A S5, i 1
AR, BRI E K- (AR AE, 2015),
PN _E AR SIS 0 ) S B B AT O, AR B
FEYRFERS b, REE T I M I PN S R A, X
W 7= —F e V)R L AT e IE O B R AAE T, AL
(R IRORATRE NSO A R N RRA o 520 & Y A

SR, ARLIKBEE R BN, B HERMEE R
(1.0%F1 1.0%)}, s WGR 232130, X7l e &
TR ERINAE S 5B MUE S RE R, il
FERE I BB IR , S BWUAR e fe 1 T R, SE i
T YR E K (T 4, 2016), HAH G R 7ERHE
HeR R — 2Rk

32 BHEFAMENBESEFYNYEMEENE
FRE M

WFGTFE T, Al B ZE AT 1 X K = sh ) e E ML RE B
A AR PR AR . R I SF (2014) 7E 1A R IR
0.12%~0.18%, Bl 2.82x10'°~4.23x10'° CFU/kg M AL
SEHAT RIS, 7 & % Ak 4. (Oreochromis niloticus) IfiL 75
AST. ALT Ml AKP & JJ A R RBREE M T RE, MLk G
PEYIREA R 0 e B Q015)HGE, Mk il
TR A 2 R FT B BE 0% 3 4 5 0l = (Apostichopus
japonicus) 4 5 M S 2/ (SOD . AKP . CAT){ /7,
PRI SRR g e 1 . AR, R
FEEFEYKF L, 4l AST, ALT fil AKP
G T ER R 2T B S I 0.5% e fik, H &
FART RN (P<0.05), X [R] Lk ifF 5845 - —2L,
Ut WY Rk r 3 S %) A 2 AR AT AR A5 X I A B —
FEMRIPVER, SRR RREDIRE . A X — 25 SR 1)
Jir AR e SR, S 02k pmppet v ) D G At R 2 AT P A
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Wi b, B 5 TR s Dy e ARG B, T RERS 7R
Y 3 PN B e P A R A A TR AR A, G I T TR
ALER, AT RE N (8] 42238 s LR Y 5 28 D) i (R IH 4%,
2008),

WIS , e AL IS B R B R Y R
At S EH AP AST F1 ALT 3% 1K, A6 T
R IE 5 T DI Re iz i (2R 2358, 2017); [AlE, fofimik
85 (2016) 7 JLAN I X R A A 55 3R BH ek A B
0.30%~0.50%M BERE IR, REME S 25 52 i L3 s e
T . B S T PR A TS T, e ML X
UFA AR SR S o AR FT 25 AR, AR R
T 0.5%mEREEE TR YR 6S 10 & FEAR LTS AST. ALT Al
AKP 571, #EPLURIERE S RERE S . A, A
R LI, MEEREFRYRINE R 1.0%8, 4
M8 e Fe bRiG J1 52 8] T, BT 0.5%iF
TN o 3K [RIFE FLANIE X UF A 58 25 SR 2500, S RE 8
FEW I e e — s A, LN R R s e ) Of
ANBEAS B — 20 s, W& ™A T — 8 B f T 520
(T %58, 2016), X Al fEEREREE 72 & A AR e
WP RE S8, JEEm 2 EAAPUE FRNIE
FH, A0 R38R AR e Ry 2 A b
3w, TR 1 AR RDR o R R B TR
SRR AR B SR R k> (R, 2010), HEI] R
FHEWUAR GRS RE ST FRAL, BH BRI A R T it —24
5t .

HRYE ST, ASHIFFE ookl R 2R AT B A R R R
TEMIE AST Ml AKP LRI 35 128 B AE I (P<
0.05). FFFTZE SRR, M0k 528 AT 5 N
0.5% . FERERS IR M 0.5%58 1.0%0F, 5 %F BELHAH L,
4 17 T AST . ALT F1 AKP 1% 1 ¥4 TRk,
KBS RRERE S, RIREX —RNE T, 2
WGR 4b T4 7K o 33 A0 158 38 ‘B K S B A 5 2
TR A [F) B B 35 SR W AEAE DM RIVE L BRASAE — e PRI
R LT TP e FE bR A TS T, $R R AR e RE
FE R PERE
33 MEFRAEMEBRERYSaRSNEEH

A

PR BT S AL B T B4 58 55 5 AL A (et S R P8 A 1 2
YIKEZR, SOD. CAT 1 T-AOC A& 4 iy HT
AL, H, SOD REWVEFRE A E T A 3,
{53 M 5 32 400005, T-AOC T LA S e LA X6 411 Sk i
PR RE 7 A BAILAAR B b SRR IR 25 (o Jie TR 4
2017; XUFSEE, 2018). FERMH A1 A1) S50 Hh & L,
5 WL 0 A R 2F AT TR TR R R A% S 25 B e I b

SOD. CAT 3% J1(Liu et al, 2012); XI5 55E(2011)
FEAEHR IS I 0.25% G B 2F AT, 2% 32 B i v
SOD i J1 fil T-AOC /K432 W E e = o 53 A e A
(Acanthopagrus schlegelii)4h ffi (2= 21 ¥ 5, 2014) | ifF 2
(Fan et al, 2013) 5 W58 HR IR ST, A B 2 A0 AT B 6T 7K
FES TR ALRE 1 B — R RIS AR o AHEIT S
LY, MR 0.5%H B ZE AT R I, BERS
EiE 4zl SOD . CAT i J1#il T-AOC /K-, [
it BE A AU MDA &8, Xl BEJ2 IR b 244 A5
ZEAUAT R DR E A RS, T aE s A B bt Ak
it = A Sk 0 SR LA B ST T 2 3, AT 3 5 T
APRTERR A i SE 0 AR ) FIBRARAR B SRR, 2
TefarbiEfEE )), XA IR R

AWFFERIA, TEG IS R ZEFAT P B Lk L, TR
T 0.5% M B REEE TR e 8 i & P2 = SOD . CAT i /)
Il T-AOC /K-, HasmbLiRbT A LEE J1, [FIRTREME %
i MDA & &, X Al R SREREE Y h & B-w R b
FIHBEEREMOS)EA K, MR, —HrEHREIL
& 0 Pt S AL B8 ) A b oy 7 i ¥ RE WE VR A
(Meshram et al, 2015). B-7 5 W4 RE W8 BTG HLAK S R P
G REMAAF MR RE L R, BB L4 A IR 3G F 4
JiL e A S5 P A AR v SR AR Y e B E ) (Herre
et al, 2004); MOS AENS Wk & 1 = 7K 7= S 4 37 T e 1%
1 3K B A A A TS R A HE TSR R B A S,
1M 38 58 ML AA 19 JE 47 5 7 %2 % BE ) (Staykov et al,
2007). TRAEE(2010)7E S B AAEN . Wkt 55 (2014) 7
BSOS h R B, R SR A R AR A LR BT A
fbBE Ty, $ AR RE S e e oy 1 B U E o

AR BN, ifapiE SOD i% J1F1 MDA
B A2 M B2 AT P R RS G 5 0 1) 28 B AR S )
B, UBERHEFRYIN 0.5%, MiEZFEFTEN 0.5%
F11.0%HF, SOD i J1Ab TR K-, 3w T X
N5 Y2B2 41, MDA &g EMTXIE4S5 Y2B2
2 o 33X B ARDR} P 3 L A 2 LA TR R R SR
Jic b REAS 76 32 2 22 R HELf B A0 4 £ T SR Ak KR, 388
S AL G e 1 07 T A — B DM RIVE A

34 WEFATENESEFYNHEIRENINZN

RZARGE LIRS, Al 25 FAT B RN R B S TR ) AE
% & 2 S K P S BT T o BFE IR, YL
N 00 R B R B AT, BRE X WRX) i  [C R B
(Vibrio harveyi) 4T /& 4L g J) 3 5% (Sirirat et al,
2000), FLYAEXTIF XTI (Vibrio alginolyticus)
PTG 1 CR I = 55, 2012). [RIES, FEZ4REC
fifi(Morone saxatilis) (Li et al, 2004). JE %
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%40 %

(Mohsen et al, 2008)%5 /o7 HH IR BH , ML ZEAUFT
PR BB % BRI S5 K P sh W i RS T- %, 534k,
TREE(2010)E , IS4 E & A BEE R R iR kLS
AT DI 2 I IR s 1) RS T-R, 3m i
715 [HIEE, 784 &F(Paralichthys olivaceus)(if 2, 2007)
LA X R (Burgents et al, 2004) 97 (1) 5256 rh 26
W, BEREEEFRYIREAE HE i o e N RR B JS Y G
B ARBEFE A, ARDRL S I R ZE AT R RN R R 3R
Y, YIRRAE TR = RO I R B R e I B A %)) Fa )
R, X R kAR WP as R —8, FRKIESE T
i B ZE AT TR R B 15 57 W R A5 4 = f AR PR T o
X T BB A PR R A R 2 TR TR R I B B SR ) RE A O T
J 38 PR AE A R AR P S LA AR SR )
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Effects of Dietary Bacillus subtilis and Yeast Culture on Growth, Serum
Biochemical Indices and Antioxidant Capacity of Juvenile Hybrid
Grouper (Epinephelus fuscoguttatus? x E. lanceolatus?)
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SUN Yongzhi', HAO Tiantian', MA Changxing’, ZHOU Ying®

(1. Shandong Marine Resource and Environment Research Institute, Shandong Key Laboratory of Marine Ecological Restoration,
Yantai 264006; 2. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai  201306)

Abstract A 2x3 two-factorial experiment was designed to investigate the effects of dietary
administration of Bacillus subtilis and yeast culture on growth, serum biochemical indices, antioxidant
capacity, and disease resistance of juvenile hybrid grouper (Epinephelus fuscoguttatus? xE. lanceolatus?)
[initial weight: (23.41%0.47) g]. Nine isonitrogenous and isoenergetic diets were formulated with three
levels of B. subtilis [0 (control), 0.5%, and 1.0%], and each B. subtilis level was formulated with three
yeast culture levels [0 (control), 0.5%, and 1.0%]. Juvenile hybrid groupers were fed for 8 weeks. The
results showed that the interaction between B. subtilis and yeast culture had no significant effects on the
survival (SR) and weight gain rate (WGR) of grouper (P>0.05). The WGR of Y1B1 and Y1B2 groups was
significantly higher than that of the control and Y2B2 groups (P<0.05).The interaction between B. subtilis
and yeast culture had a significant effect on the aspartate aminotransferase (AST) and alkaline
phosphatase (AKP) in the serum of grouper (P<0.05); the AST and AKP activities in the serum of Y1B1
and Y1B2 groups were significantly lower than those in the control and Y2B2 groups (P<0.05). The
interaction between B. subtilis and yeast culture had a significant effect on the superoxide dismutase
(SOD) and malondialdehyde (MDA) levels in the intestinal tract of grouper (P<0.05), but no significant
interaction with catalase (CAT) or total antioxidant capacity (T-AOC) in the intestinal tract (P>0.05). The
activities of SOD, CAT, and T-AOC in the intestinal tract of the Y1B1 and Y1B2 groups were
significantly higher than those in the control and Y2B2 groups (P<0.05), but the MDA content in the
intestinal tract showed an opposite trend to SOD (P<0.05). There was no interaction between the effects
of dietary B. subtilis and yeast culture on the cumulative survival rate of juveniles challenged with Vibrio
anguillarum (P>0.05). The highest value of cumulative survival rate of juveniles was found in the Y1B1
group, which was significantly higher than that in the control group (P<0.05). In conclusion,
supplementation of 0.5% or 1.0% B. subtilis and 0.5% yeast culture in diets could promote WGR,
antioxidant capacity, and disease resistance in juvenile hybrid grouper.

Key words Epinephelus fuscoguttatus? x E. lanceolatusd'; Bacillus subtilis; Yeast culture; Growth;
Antioxidant capacity; Disease resistance
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Tab.1 The primer information of microsatellite markers in largemouth bass
FE A1 B (5'~3) pepgpy  TRORREC RJCGH Bk
No. Locus Primer sequences Size(bp) Number of Annealmgﬂ Reference
alleles temperature(C)

1 JZLI2 F: ACTCAGAGCCTCACATTC 202 2 50 RN (2008)
R: CAGGTGGACTCAAGACAG

2 JZL23 F: GTCCGCTGCTTAGTTTAT 397 3 50 LR IH5F(2008)
R: TCCTTTATCCTTCCCTCT

3 JZL31 F:TGGACTGAGGCTACAGCAGA 202 2 60 PR INE(2008)
R: CCAAGAGAGTCCCAAATGGA

4  JZL36 F: GCTGAGAGCCTGAAGACCAG 214 2 56 PE N (2008)
R: ATGGAGGACAGCAGGAACAT

5  JZL40 F: GCTGAGAGCCTGAAGACCAG 214 2 58 RRINZE(2008)
R: ATGGAGGACAGCAGGAACAT

6  JZL43 F: GCTGCGAGTGCGTGTAACTA 215 2 58 PR INEF(2008)
R: GGGAAGCGAGAGTCAGAGTG

7 JZL48 F: TCGACGATCAATGGACTGAA 207 2 56 RRINE(2008)
R: TCTGGACAACACAGGTGAGG

8  JZL59 F: CACAAGGCAAACAGAACGTC 183 2 55 AR INAE(2008)
R: TTGGCTACCCAGTGATGACA

9  JZL60 F: AGTTAACCCGCTTTGTGCTG 205 2 60 RRINE(2008)
R: GAAGGCGAAGAAGGGAGAGT

10 JZL67 CCGCTAATGAGAGGGAGACA 248 2 60 RN (2008)
ACAGACTAGCGTCAGCAGCA

11 JZL68 F:ACCCACCGTCTTCTCTTCA 166 3 58 RRINE(2008)
R: CATTGTGGGTGCATTCTCC

12 JZL83 F: TGTGGCAAAGACTGAGTGGA 157 3 59 PR INE(2008)
R: ATITCTCAACGTGCCAGGTC

13 JZL84 R:GTGCGCAGACAGCTAGACAG 197 3 56 ZEZ IR 4F(2008)
F: CAGCTCAATAGTTCTGTCAGG

14 JZL85 R: ACTACTGCTGAAGATATTGT 312 3 58 PR INE(2008)
F: TCAAACGCACCTTCACTGAC

15  Lma2l CAGCTCAATAGTTCTGTCAGG 158~183 3 47.5 Colbourne 45(1996)
ACTACTGCTGAAGATATTGTG

16  Mdo7 TCAAACGCACCTTCACTGAC 156~172 2 53 Malloy %£(2000)
GTCACTCCCATCATGCTCCT

17  Mdo6 TGAAATGTACGCCAGAGCAG 150 3 55 Malloy %:(2000)
TGTGTGGGTGTTTATGTGGG

18  Msal2l CACTGTAAATGGCACCTGTGG 214~224 4 58 DeWoody %(2000)
GTTGTCAAGTCGTAGTCCGC

1.3 HEZITESR

St BRI SR E, e RN,
POPGEN 3.2 #{f:(Nei, 1978) 82 B A (V,) . B
RN BN, W 2 6 B (HL) TR 245 BE(HL)
BERIARAG IR B (D,) . WETEEL Fi M F-SRit ik
)38 1% 3 HEAS BU(F) (B F-43 8T . A MEGA 5.0 %
PFRRAE Nei [Gast % I 2 {6 H] 48 4% 5 (Neighbor-joining,
NN R G M (Tamura et al, 2011), F CERVUS 3.0
BT EZ8HEES

I =N
AN F= BTN

& (Polymorphism information

content, PIC)(Kalinowski et al, 2007). ARLEQUIN 3.1
BAFHH Fo AR T07 2293 W1 (AMOVA)(Excoffier
et al, 2010; FhEY KEE, 2015),

&R

2.1 FHREMNHMIESESHE

K18 XRCTLESIRT 4 A KT R e
240 MEAEENZH DNA ZEATH 4, ¥I3R05 H A4
IIATAE R I 20 18 X5 WI1E 4 AU LRI 2500
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FH444~, Sp0. Sp2. Sp3FHISpd A 15 % (v F A
BN AIR2.39, 2,39, 2.44F12.33; 394G RS0
FERB(N) /I N1.96, 1.91, 1.98F11.81; F-H0Li
Z G B (H,) 50 40.4895 . 0.4802, 0.4579F10.4206;
BB A 5 B (HL) 53 90,4615, 0.4454 ., 0.4621
F10.3916; P ZEMF L& &2 PIC) 47403791 .
0.3659. 0.3764710.3257,

22 HFHREH F-RE

FIH POPGEN 3.2 #4745 A ] F-R 5, 45
R 3, X F HTTE BN, SRR R
WA A F B, Sp0. Sp2. Sp3 il Sp4 & FHA s
BB 10, 12, 5 18 A~ M F ., 3t
5 AN AT IR B = B AL R E (0. 15<F,,<0.25), 4 M5
fIK B 43 1k (F,<0.05) , 9 A i 55 BE 43 1k (0.05<
Fy<0.15), #B 4 DRHRZ A H B — 2 AL 1k o

R3 I8N HIENMSH F-ELE

Tab.3 The F-statistics of eighteen microsatellite loci

o2 45, Fi Fy
Loci Sp0 Sp2 Sp3 Sp4  All groups
JZLI2 —0.1005 —0.1959 —0.0526 —0.0605  0.2265
JZL23 —0.4146 —0.2553 0.0217 —0.2097  0.0201
JZL31 —0.3333 0.1167 —0.3317 —0.1048  0.1240
JZL36 0.1935 -0.0204 0.1192 0.2420 0.1873
JZL40 0.1935 -0.0204 0.1192 0.2101 0.1889
JZL43 -0.3976 —0.3976 —0.0391 —0.1727  0.0284
JZL48 —0.0087 —0.1435 0.1898 —0.2655 0.1020
JZL59 0.2609 0.0312 0.1954 0.0861 0.0953
JZL60 -0.3396 0.0255 —0.0345 0.0554  0.1098
JZL67 0.2256 0.2363 0.0761 0.0266 0.0478
JZL68 —0.0087 —0.0770 0.1667 0.1685 0.2573
JZL83 -1.0000 —0.3235 0.1911 —0.1724  0.1495
JZL84 —0.3182 =0.0770 0.1667 0.1685 0.2573
JZL85 0.1118 -0.1014 —0.1751 0.0276  0.0500
Lma2l —0.3488 —0.0434 0.0355 —0.1107  0.1100
Mdo7 0.0113 —-0.0708 0.1071 —0.0943  0.0660
Mdo6 0.0286 0.0115 0.1532 0.0304 0.0725
Msal2l 0.0000 0.0000 0.0000 0.0000 0.0000
1 Mean —0.1247 —0.0725 —0.0505 —0.0097  0.1163

2.3 BHREREES K

FIHARLEQUIN 3.2%K {443 #4411 2 i i 1k
] ) 3815 AL AR H (P ) (B (R4, XS gk b)), K4
KBS REA ] 0 F o F0.01612~0.1616222 8], N2
FE AL TR EE Ak . ZEAMOVAZM T, X4~ K B
BEREARBEAT 00T, S5 OR, A 8.38%AY B 1L AR ok
HFREAR], 91.62%A 8 A£75 5k A BEAR N (3R5).

F4 AN KOBHBEERRBFESGIALT)H
BESLERGIML L)
Tab.4 Nei's genetic distance (below diagonal) and pairwise
F, (above diagonal) among four largemouth bass populations

HEIR Population  SpO Sp2 Sp3 Sp4
Sp0 HkAK 0.11692 0.15039 0.16162
Sp2 0.0995 HkA 0.01902 0.01612
Sp3 0.1415 0.0344 HkA 0.02795
Sp4 0.1434 0.0249 0.0295 HkAE

TE: XPARLUT IR IR g, XMLl ol ok
Ei= 1
Notes: The data below the diagonal represent genetic

distance, data above the diagonal represent genetic pairwise
th

2.4 BHEEIEMGEBEMBEIN

HAE Nei(1978) 57 (A 7] (1) 188 4% 8 25 (D) 45
W 4, RHAALET), 4 I TR U ] 38 24 B
BT, Horp Sp2 Bl Sp4 FEAR I 8L HE B e T (D=
0.0249), SpO0 1 Sp4 FEA YL I 25 feizt (D,=0.1434).
UPGMA RHKE/R, 4 MK IRE A, Sp2 Fl Spd i
JeEA, K55 Sp3 B, fa 5 Spo BAE— (A 1),

Sp2

R

| L Sp3
Sp0

1

Bl 1 BT Nei's AL HE S RG 4
R PRESFEAR I NI 2B R
Fig.1 NI clustering using Nei’s unbiased genetic distance
(1978) of four largemouth bass populations

x5 4P KOBRLEIKR AMOVA 717
Tab.5 AMOVA analysis among four largemouth bass populations

AF 3R E Source of variation HHE df 41 Sum of squares 7224143 Variance component 43> Percentage(%)
BEMRIA] Among populations 3 141.600 0.40136 8.38
#£4A M Within populations 428 1877.944 4.38772 91.62
SVIE S Total 431 2019.544 4.78908
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3 itig
3.1 EEERMBANILE

R PO IR 5 7= M A JE Atk T BE 65 30 110 1k 7 Sk Atk
FEIAR, 2 RFEEOCH, JF HiETuE RANER
R KO “fiffi 15" J2AE 1983 N [
ERCEIPANON AR NE RS AN O IR SN
HEBEILFRREE R, MKW ARERE, ZAFT
ZAR S b3 1 SR AR ISR A AR, JF HAR R
ROER, BEFFRERAT, it —0 Rk 7 HAR Y 25 5
FhZEREARSE, 2011) ). FIH A FFric ka5 E PR
FR S 5L Z R s, v R R SRR AL 2R
PELCJERP AR, IF BT — 8 AKP- 19 3 38 (BEAE AR 4,
2012), 2010 4F, AT A ZE E 5| 3E K H R &k
T3 AP AR, 7 K7 B0 58 BE SR LK = 0 58 i
M B b R A 7 B 2 B SR A, 4 AR L A AT
R, FLA A ORE B [ N FRBE AN, I K 1 2 f
SRR IA A 5 42 35 1V H K ™ 55 Bl A 45 R 5 B A
KRR A, 2015) BAEAESEQ012)BF5E 734 1 [
G| R K H MRS e 2R, RIS R IA Z
KOV 2 TN R, 51 3R K E R 7 v
B A= AL/ N (=S NI BRSSPy i = B ]
PERLRNIECHAEAESE, 2012), KT Ub, K OB
“Ptfi 157 AR OBy RS SRR ik E
FERRE R R AT 8 B A N TR A IRDRE R 11 S8 6 3
Flo ARWFFIEF Mdo6 F Msal2l 3% 2 ANV Fk Stk
Peicxt 4 DEFERARSETY Y, 45K, Msal2l
e T A NMAUAFAE 196 bp K F1 RS IE 5 W A
SN, Mdo6 171E 146 bp F11 151 bp 55445, NIEAE
B HUR WA 153 bp FrFacH, REFTHEA
T E S ARDRE O R B R R 34 Sy R R 5 L O I A
(Lutz-Carrillo et al, 2006),

3.2 REEREREESEEST

FRM L 2K, %M N,. H, Fl PIC
EHRPRRTEAS , ZREMAKOT SRS BRI 550 11
K/NFEDG, BT DA 2 5 R AE il Fl it B A (5 0
J1Ha R —FhE T B (T 5%, 2007), AHF5EEEH]
18 M B AEXT 4 KT B B U T e 248
PEWEI , BT B A DR SR T Msal2l JE 33540,
HAth N, Ry 2~4 4>, Hrh, BRT JZL60 bRicAE Sp3 #f
IR AR RRAZ 1 AN (180 bp), HAbbRiDE
S FERECEE 4 AR, #E JZL60 Fric7E Sp3
BT B & AR R A O H, SR PN RIS AL AR SRR

AL S5 Bl A8 bR 2 —, S SRR P9 T A 4 7 3
PRI ) = B R BE RS AR, 48R AR 0 A A7 R3S 1V g
DISGHAGRREE , H, (A5 AR iy ) RE 1 fig s E
HH 5 (Botstein et al, 1980), AN 5% Sp0 AY H, M 0.4615,
R MW AE (2008) A A [R) B4 ok 1022 b 6 40 1
3 AR BEFHA H, 58T (55018 0375, 0.403
1 0.368), FEHAIE i B£8R [ Fp AL Iy W Ah AR Ry 1k
BAEMBEA, KRR TEFHEMIEE, BT
Msal2] brichh, HAbric i PIC 7 0.1451~0.5864 2 [f],
Sp0 REMARIY -2 PIC 24 0.3791, Hifi Botstein 25 (1980)
MEZSERB T RIFE AR E, 4 MRS EL
B, BT REWE2008) /A F # T ERCIEAE
T [ N SR K R ETREIA PIC (E(4r 310 0.2392.
0.3047 F1 0.3610), Vi E SN 5] — e FE B b 42
BT RG22 REME, Sp0. Sp2. Sp3 FiI Sp4 BEiA
PIC {H¥ A hEEZ A8, FRIAK M BEBEF A H
BEEW® .

Bifi R 1 PR AR, BRT Sp3 Ak, EFH
IR H, M1 PIC SR BUN B REARI S, T
AN TEBFEF SRR L 2R TR, 20T
NTHET , BEA B ARPEIR A 5 1 5 4% 3L P 5 )
aifh, WZIEBREM R HoPrd A, Sp3 1
H, F1 PIC #JH Sp2 Bl =i o % = EE(2013) T H
[REREE D (Pinctada fucata) e B AR 4 AR AL AR 5+
R B, JCS-3 BEIARY H.(0.361)F JCS-2 BfA H,
BOH = (0.317) o L 0 45 (2010) 43 AT 1 (Cyprinus
carpio) gy MR IE B BN A A 5L 2, tfF
FEFRIILG , AT 530 I R 2 Ry 52 S0 A A /N 1k AR
(), ARG Bk i B 52 ] B8t 2 BUORE 3 11, 03 4%,
Sp3 M9 JZL60 bric L AN A Z 1 A0 BRI, B
1 H, A PIC BUE R i R BN

WIS LS IEAT Fi 4307, K BRAS RIS 8 Ry 24
BT, NS B FEAORA R =R B K
SIMTRERIE AL I B W, Sp0 5 HA R (At A4 i 5
P8 1E(0.0995~0.1434), 1Mij Sp2. Sp3 Hl Sp4 jsf£1HH &5
BL(0.0249~0.0344), HEMlE G N T3EFE, BEH AL
FEAGE SRR, T el ok e £ 5 B LA 1R
Bl KEBMEBEIR, 1AL Sp0 55 ik & AR
FERE B AR o AT BRI AR S, R4k AAMAZ ],
12 8.39% Myt AL A8 ok AR Z (0], 28 L Frik, XTI
AL A TR R B 4 Ak E AR T
SR EENBEAREG R BE 2R g AL IR 55
WA TS, BHATEEERENBTAE, H
TR ZAE R e B 28, R RS N T ik
BIRALUE TR s, v ARSa it L1 B .
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Analysis on Genetic Diversity of Three Breeding Populations of
Largemouth Bass Using Formulated Feeds

FAN liajia, BAI Junjie, LI Shengjie®, MA Dongmei, JIANG Peng

(Key Laboratory of Tropical & Subtropical Fishery Resource Application & Cultivation, Ministry of Agriculture and Rural Affairs,
Pearl River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Guangzhou 510380)

Abstract Largemouth bass (Micropterus salmoides) is a very important fish in commercial farming.
As it is a carnivorous teleost, a large amount of forage fish and fish meal were used as food for
largemouth bass every year. Residual forage fish and fish meal not only increase the costs of largemouth
bass aquaculture, but also seriously pollute water bodies and farm lands. In order to reduce farming costs
and protect the natural environment, selective breeding suitable for formulated feeds was carried out. In
2012, our research team selected the breeding population contain Youlu No.l largemouth bass and
introduced north largemouth bass. The genetic structure of largemouth bass breeding population was
analyzed based on microsatellite DNA markers. A total of 240 individuals, from the foundation population
(Sp0), the second generation group (Sp2), the third generation group (Sp3), and the fourth generation
group (Sp4) (60 individuals per population) were assayed with 18 microsatellites. The results showed that
a total of 44 alleles were identified, the numbers of alleles (V,) were 1~4 in four selected populations,
respectively. The observed heterozygosity (H,) of Sp0, Sp2, Sp3 and Sp4 was 0.4895, 0.4802, 0.4579 and
0.4206, respectively; the expected heterozygosity (H.,) was 0.4615, 0.4454, 0.4621 and 0.3916,
respectively; the polymorphism information content (PIC) of Sp0, Sp2, Sp3 and Sp4 was 0.3791, 0.3659,
0.3764 and 0.3257, respectively. The F-statistics (Fy) value is between 0.01612 and 0.16162, and the
genetic distance (D,) is between 0.0249 and 0.1434. Partitioning of the genetic variation revealed that
only 8.38% genetic variation was among the populations, and the other genetic variation was within the
populations. The results showed that the artificially selected population using formulated feeds showed
moderate genetic diversity, and still had great potential for future selective breeding.

Key words Micropterus salmoides; Formulated feed; Breeding population; Microsatellite; Genetic
diversity
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HE AR G KK RAREE R %, A #(Paralichthys olivaceus) - % 48 (Sr)priE #HAT
. Eh4ixE 1. 8, 64 glkg (StCLy6HO/M8 ) 3 M, T SrClLy6HO 7 Anda £y 4t FE 41,
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HAFAEE Srouk, TRIAAKEK, FIBHE, EHEALREALHERT, X¥W St LE
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Nz amei B, A 6F [ 2RI B > (R B R,
2013; HEFEAE, 2015), FKELE 20 et 80 TR
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& T RS ER, BAT, B A SR RS (R 5 cm
Ze A BRI TARSMRIC B T o A bR 10 7 B A T
A S5 EFRA L5 B (FE &M, 2015), HAT,
F O St B 22 L AR IR BT AE, B B AR ME
T2 5 B SR AR 138 % 2205 DB 2 (2 NI 4,
2016), DR, 29 TF & —Fhid 5 KA S 61 i FE AR
PRic ik

H A G R AR SUbR i J2 0 2SR 10 O T 92 454 rh
1) —Ii AR FB ., HAaRMENE AREYT 1k
UIBUE U B R A 2548, 2 2P il P 4 41
HAAZE A AT LR HE 10 28 AR I8 S5 A 25 8 i
DU A B e 2R A7 B SR 1 280k 25 AR 0 5 1 36
BAEE(EEH, 2015), KIME b2z h
IR LI A ML, Zead AL i 5 — R 50 A 3
HRIURAE B AR KA EEBIEAE, 2011), B AN [
M A4 4% o0 R UT BUERAE . B JT & 48 4 (Elemental
fingerprints). #E(Sr)JCE ¥ 8 H T S i £ 25 Y
g RKASEIE Dy, SR T RO RR A A 2 B
AL TCIRAIE . BRSO S EE A HLE R .
e, AOMEREKIRT Sr ik, A ESF R BN H A
Jal Sr i . R BRI St e R s8R ic I H Yo
AR IC AR TE W T 0 28 T ST B R T 12 (Skalski
et al, 2009; Schroder er al, 1995), FER/K a2 iR
FHWARIE (ZEF %, 2017), (HAERE K MAFRICHUR
N R DG AN, LIRS HGE 2 o fE SR A

KPR BRI Sr AL S Wi TARIC, (Hik = 8 i
BHEEPEST S ARICEITFE. L, AROFFEUERI
PR B EAT A BEHAT Sr ST RIEBPRIC A AT AT
A7 7 S FE BRI | D0 BF 9 G I SR s i
BERLEARHE , TR, oK 2K B AR e T
PRPE M E A LR (5 B AR S %

1 #MR57FE

1.1 ¥ H*®

AT 2016 4F 6 H 24 H7ETHE KRR
Be LT o SIS T iR AT, SRRl 80 H R .
21:(6.58+0.59) cm A G4, S FRAEAE 300 L
YA R KA Y, 4K 08:00 Fil 14:00 #5450 11K
TR E SR, 0, 1. 8. 64 glkg4
Sr ARIC AR EE (SrClL-6H,0 o/ UKL K} k), FFZihs
0 10 do A58 5 20 52 50 A0 R — 350, B4R 400 B2
FrRic iy, R Ry fa iR S 2%, SEf
PR G L 2R, PRIEAS B R TOsR I . B
WL R G, HoKIER, SRIE s AKIERASRE 24 h
WK, oKk R S G o bRic R0 S A R R S
AT R, bRids 30 d &I Se i il KR IT
RAEFEA, 20°CORAF. 2510 RS AR 2 DREAS i
TTHAMIZES IR 1),

£1 FUEARUEHFESES
Tab.1 Sampling details of Japanese flounder for otolith microchemical analysis
A4 g 45 N ) 2SS I
Otolith code Fish code (e/ke) Day after marking(d) Total length (cm)  Body weight (g)
BDHFEO(1 0-30-1 XFEZH Control 9.3 8.7
BDHFEO02 0-30-2 9.9 11.1
BDHFEO03 1-30-1 1 9.9 7.7
BDHFE04 1-30-2 30 9.2 6.7
BDHFEO05 8-30-1 . 9.9 13.6
BDHFEO06 8-30-2 9.6 8.7
BDHFEOQO7 64-30-1 64 10.1 9.7
BDHFEOS8 64-30-2 9.9 9.4

1.2 BERRXRERBIAE

P T DU RAS B , 2586 2 40501 e BOR /N X
—E 2 BRI AT, MY I) | IS BAET
BB R AW S, K PR UE, 38 CHET.

FHET B AR AB B E R SR -, =il
B & 20 min, FHMEM NG (Epofix, J}42 Struers 23 Al ;
rensin 5 hardener i L 7 : 1)U, 38CHEF 12 h
PLEo ] AB B I B E e8I b, 222 h #E
[ Ji5 {67 FH %€ TBC A8 4 M 185 56 1) 1 & ML (Discoplan-TS
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A, PEEZ Struers AR VIFITRES . VIH S FRA LA
(500 HEPE). KiEE(1200 HWU0)FTEE ZH -G 0%
&, FHEMHL(LabPol-35, F13F Struers 2\w))%E 4541
A HLA O B S A e O, 2 HoA S oA K
IR o FERA B K B A EYE S min J5, ARKMG
TUET 24 h, SER TG, i H A BEPLEE-420,
HA RS 2P (36 A, 25 8). AHEINTAT
Fotk, ARSCg—f AR B AT n R I8 .

1.3 BERTREYLSH

fifi I B A B R &4 AG TXA-8100 B HE FH4f
X BT (EPMA) 47 H-A7 St Fl Ca B3I 2% 20 HT o
HHEABOIEREEETEADGN— K ELHETE
&2k 43 H1(Line transect analysis), H TH-AH Sr B+
FHIE/NT Ca BT &, HREPRHELE Sr/Ca B
Tos L, G —H St 7 &aS Ca i1
FHEx10° B HH R . EPMA (IS 88E : I &
J 15KV, BT AREA 2.0x10 " A5 REEEAS N 2 um,
IR 15 s; LAMIRE 4 pm L2004 TF] 50058 o
o AR S A TR IR 55 (CaC O5) ISR FR B (ST TiO;) » BT AT
B 250 # 58 J5 15-5 47 1 9 BT (Mapping analysis). X
i, EPMA sk B FE AR oL 43 15 kv,
5.0x107 A, REE B 20 2 um, 55 20 BB I 7 30 ms,
%N 4x4 um,

1.4 #IFELIE

FIH Excel 2010 X} 5 4 4 Bkl () Sr. Ca &
i M Sr/Ca LUAE . WG sl B A2 S 4000 1A T3 2
AEFR, JfXF Sr/Ca WIEAVER] . ffi 1] SPSS 19.0 ZR A%t
K6 BE AL AN A By B Sr/Ca HOAE M AR K B A7
Duncan 28 HAE, Ko 4586 B2 4H A AS 5] [ B 5 %6 B
4 Sr/Ca WE M AEKZESFPE, P<0.05 BREFDE,

2 ZER59H

2.1 BHEATFEEAEELSH Sr/Ca LL{E

B 1A E FR5E 30 d FBEHA7 E LR AT e .
XTHRAAFN 1 g/kg B EE AR RRE R Sr/Ca {H
(P>0.05), A B Sr/Ca HlEHmIE, UL 1 g/kg BAEE
HARIZ B 1 St TR IELhric . 8 g/kg 1 64 g/kg
F B 4H 73 BRI 1~2 4> Sr/Ca HUE I 14 , St I [X. Sr/Ca
Fo B 0] i 2H 22 5 525 (P<0.05), 1HH 8 g/kg il 64 g/kg
BB REH I N T BB Sr LR B LRI . HE—4 0
Mrissn, 8 g/kg BAEE4H ) BDHFE-5 7E1E 2 H A %0
[ 780 um AbFF4f Sr/Ca HL(E B 3% K, 904 um 4bZ

J&i Sr/Ca H(H#TF44, H) BDHFE-5 1EH B H. 44 #%
L 780~904 pm b A7 X BT 0, e R Ve AE A
10.18; BDHFE-6 7EiH & H- A% .01 780~956 pm 4k
o X BE e, fm (il 10.73;5 64 g/kg B
“H () BDHFE-7 7EFE 2 H- A7 %01 640~724 pm A Hof7
X B s, g e Wl 62.60; BDHFE-8 1R RS
HAODE 560~684 um A FA7 X BOE B 16, ferm
WEE R 143.64, 8 g/kg BREEAL Sr UE(E Jy 1E & ¥IE AT
W 2.14~2.22, 64 g/kg BRI Sr (A Ry 1EH YIMERT
B TR 6.60~18.27, FRIABAMEE IR, Sr mEAE
B EUi e B (GR 2).

12 ¢ 12
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0 Ly 0
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PEE#%.0 B Distance from otolith core/um
BT &0 B2 2F 6 5 o s 2 o i
Fig.1 Fluctuation of otolith Sr/Ca ratio along line transects

from the core (0 um) to the edge in the otoliths of Japanese
flounder (P. olivaceus) from different concentration groups

Sr/Ca H{H Ratio of Sr/Ca

BDHFE-8

22 BHGEAFEEAFETENEST

MARE AR 30 d IIXTHRZL . 1. 8. 64 g/kg F
JE St JCEAEH A L UTRR AR 54T EAL AT,
S5 UL 2 % BRZEFN 1 g/kg BB RELH AT bR H B
BURRHE” 8 g/kg Fl 64 g/kg B EELH I I PL T 40 (57
A, SH ARSI B R 8 g/kg Fl 64 g/kg
Tofs B85 4 T %o A W4y £ B 1EA T A B SrOn R R SR IE
{H 64 g/kg B4« B ERINHT 48 8 g/kg Fh LK) 5
H 64 g/kg M B4 iy BEERAT " HIE 28 B A 30 2% B0 55
8 g/kg BREEZAM T, Sr & Hr#L 8 g/kg M EEALIN .
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Tab.2 Fluctuation of Sr/Ca microchemistry in otoliths of Japanese flounder (P. olivaceus) from different concentration groups

FRHRIE  grepn g WESEC (oo STEEREDVIEAOMRE  SeRE D E R
Feed marking Sample code  Phase Dete;cted St/Ca ratio Multiples of average values Multiples of peak value of Sr
(g/kg) points of high Sr area to normal to average value of normal
X HE 2 BDHFE-1 I 215 4.1240.66° - -
Control BDHFE-2 I 238 4.07+0.74* - -
1 BDHFE-3 1 298 4.28+0.78" - -
BDHFE-4 I 354 3.58+0.82% — -
8 BDHFE-5 I 195 3.47+0.81° 222 2.93
I 32 7.7241.49°
il 1(848 um) 10.18
v 42 4.37+0.70*
BDHFE-6 1 195 3.84+0.84* 2.14 2.79
I 45 8.23+1.38"
I 1(828 um) 10.73
1Y 104 4.46+0.74*
64 BDHFE-7 I 160 3.51+0.84* 6.60 17.83
I 22 23.15+14.06°
I 1(660 pm)  62.60
I\ 53 8.72+2.65"
BDHFE-8 I 140 4.27+1.08" 18.27 33.64
I 32 78.00429.73¢
il 1(668 um) 143.64
v 59 9.64+3.47"
{E: 19 Sr/Ca LAHAXT R E BT BE, 1124 Sr/Ca HAH W EAALBrBL, 11109 Sr/Ca M fH W35 A AL BERY e i W (6L, IV oH

Sr/Ca HH B E AL EMKZ BB . [RIBIAS R AR 7R 22 57 B35 (P<0.05)

Note:

[ : Stabilization stage of Sr/Ca ratio in otoliths; II: Stage of St/Ca ratio significantly changed in otoliths; III: Peak

value of Sr/Ca ratio in otoliths; IV: Stage of Sr/Ca ratio after significantly changed in otoliths. Values in the same column with

different letters are significantly different (P<0.05)

23 £K5%T

R 3 AlAlL, il LA S A 2 K 2E R AT
F(P>0.05); K& 30d, 1 A8 gkg BEHEKER
AN, XA | 64 gkg BAEH K EZRARE, 1,
8 g/kg Bh B A B A4 I 2K T X IR | 64 g/kg BHFE
HAKZE S B (P<0.05), bRiciila], #&46R4R
B SLIR faAET

3 itig
HASREERAS %

Hoq BAT AR e A A 1, R FEDLIRI to
AN HE B, DURE B A R B AR B U R RE R A TE
TRAF(RBHESE, 2015). PG, A il 24 b s 0 2 J

3.1

KRR EY TR SR T RER A L AETTR
Frid, FFARALRAE . Judd 55 (1965)F H K HéE K $1E1E
Pk Sr ot Z KM BRI 2 0.1 pg/ml LR, fdf Srot &
1R —Fitrig o ER R T g

A HGERR, MERICANAER, Sr AT &
BT, B 28 B SrbRiciH % o W Yamada %5(1979)
4R KRG £ (Oncorhynchus  kisutch)#E47 Sr Fric i
KB, bnie g R G, AbFRA Sr R X LY 32 4%,
Bk [P B A FRZ R BRAA Y 1.4 4% AE R 25,
AL PR 55X BRZH TGE X 43 o Steven SE(1995) W ARIE T
LG . 5 A i IO G 2 (A A S ) Rl HLIERHE &
A5 B TR BT (ICP-MS) S5 Aol 7 1 H g Aar il 347 — 1k
Ja WA E AN . L, BEE AR, AL
Sr FRicHR 4T Ir o5 e Mok > NTBR ] T HA
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0.400
0.375
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ANTRETN

BDHFE 8

K2 ARG A SFHA R 30 HARDTRR L 3 A
Fig.2  Sr concentration maps in otoliths of Japanese flounder (P. olivaceus) from different
Sr concentration groups at 30 days after Sr marking experiments

£3 R SrOREAFHEKELIER0=30)

Tab.3 Variations of total length of Japanese flounder (P. olivaceus) from different Sr concentration groups (n=30)

iH Items

fABHRiC Feed marking

X HEZH Control 1 g/kg 8 g/kg 64 g/kg
#4f Initial 6.61+£0.81% 6.81+0.59* 6.68+0.56% 6.22+0.41°%
3 Resume 30 d 10.24+0.91° 11.111.32° 10.88+1.07° 10.26+0.41°
H # 2 Daily growth rate (cm/d) 0.12 0.14 0.14 0.13
e AT R bR 328 25 57 18 35 (P<0.05)
Note: Values in the same row with different letters are significantly different (P<0.05)
St bRic kit AR . 52 A0, EPMA AT 8T RIS, RS .

HoA g EryA AL & S & IR AL, MIA
SARCA A AR, wT ke LR R R . i R
ST LAV B 2 R 10 O B bR iC St & i A5l 5
I T3 T UL ) Sr AR ICFR IR | TR A SR
PRGBS, A I A T R A8 SO i A RO
%o

BAy Sr bmid I 7EmEIRNG . FFHES . 2l Kol
fAEARIBBARIC, XARIC AT KA KM AR,
BAERI A, S5 g/, & A RMERIC. HA S
PRICAZZARRE | AR RAER R, Wit Z0ARic . A
KB B a & AT R FRMC S T, KA AR

3.2 AREFIESMFESEXTEIRICHI RN

0 2558 1 FUK A s B A g 12, Froc R i
AW, & —F 25890 ERICREIE A E
(I A A4, 2007, FE4, 2015; Troy et al, 2016).
I, SrARic o] LA i 12 AN R B AP Oy S . RO
ZE(2015)K S Sr &N 12 mg/L BYIEFKFRIC K
(Pseudosciaena crocea) 7 d, Fric i BUFERR S HoA A0
% 0.65~0.80 mm b H-A7 [X B, F FLAF(2015) 5L R B
AR 50~400 mg/L ¥ BEH Sr Y REFE KRG
(Oncorhynchus keta)H-f1 b KEVIF, 50~200 mg/L
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WS4 Sr/Ca UM KAEZ W 55, 1 400 mg/L ik
T 200 mg/L M KAR . BEMEEE St bric 76 3 Tl 1 2%
MR e iftsc i £, KXt 2 ik i | B
FHEIEH o Ophel 4 (1968)HF5E & B, LA4%F 400 g 4]
KA 32 g FURREE AR IO, B 21 d, BRid4
i (Carassius auratusvar)W %R, & Sr it ML X 1
ZHIY 10 4%, Yamada Z5£(1979)LL 16 J #4104 KRG
N BFIE X4, E SR 10000 me/L 8k 1K} 60 d
JETERE St Aric, HAHEE Sr & EHEXT ALY 32 1%
Guillou ZF(1987)WF58 3, 41K 20~23 cm R4 fiE
(Salvelinus fontinalis)¥% £ 200~3200 pg Sr/g HIFRiC 1A
6 J&, Sr ] XHELG AR EEE AR ], HAERIEE Sr
FrEpEbrIC R St SN £ WA K
ML 6 Ji] 200 pg Sr/g HEAPmICIA R, B Sr
HAGEX ALY 5 A, (R 4 FAHE Sr & & bR
ok, B Sr KON E . HRREEA
St bR ICHE 7K F S H i 0 FH R WLARGE o AN 5% B UCR:
FHE MR XK (47 B Sebmic, R &8, 1 g/kg
b B 20 A P H A AR B St ARIC, 8. 64 g/kg BRI AL
BFEA I Y SrbRid, H 64 g/kg B4 Sr/Ca Heil
KAEHE 8 g/kg BhBELL K, HARICIAEL 8 g/kg B FE AL T .
FHUEAT AT, BoE, E PR T AR I T EEAME St ik
B — s F =5 AR Hoa LR A sotdrid s Hak,
E—EFHEVE BN, Sr UURLBEAMNE Sr 77 138 i i
HA5E

ARG LRI, ANFEBEEEA Sr brichi BN,
[FBEBEA Srbric B AN AR o 0 8 g/kg #EE 4 Sr/Ca
FUAE A K AR T RE A %0 838 um 247, 64 g/kg B
JE2H Sr/Ca HLAE M KA FREHA %0 664 um £ 47 o
X, 8 g/kg BRIEL 2 MNEEA Sr/Ca HUAE AR KAE 4351
T REH A R0 848, 828 um Ab4E , — 7 I 2 Mk 4
B 3 2 T R TR Y A R N R ) — o R K
S Sty MRS M 7E B B iR, 55— i i
W 2 SRR NANE Sr W BER R, A5 HAK
A2 B ] A B PRV BE 4

3.3 S@triEx FRRicEERKIETHIRM

FaE Sr J& —Fh X 1 28 I 1Y JC & (Yamada,
1979), Skov %5 (200 )i 5% & L, FBES 1 (Esox lucius)
£ 1500 mg/L SAAL RS W i 23 h, ANsgm HAET
H, RMEARQ015)F5E R, A 6 mg/L FRAARICH
XA T- B ERARE, I TIRRE Sr
PRICKE AR AT . AHFIE B, AbBEZH AT B 40
PIRHMBSE T M S, R ERXT fa ok vl 22 2,
L, MbRidfastT- R Mg M8 %8, Srbric iz

30 2k X AN [ A 2 AR R s A i T i, FERT IR 4
KIEZRWEHR T, APABERE Sr mels, &K
KT, BRI K, A4 Duncan £ 5 K,
AR EBREEAL(1 . 8 g/kg 41 )5 =i 7l 1 6 3 4 B %) R 4
A, H225 83 (P<0.05), KitE(2013)#f 58 %
B, 4 SrykJE R 10 mg/L B, KPR HE ) 25 0
AR . B, ATLIERTE S T AE A, —
RN Sr AR AR, SR, ARUEEE(2013)
WAt Sr X RBRIGAHE A A . FIER . NIRBUA
1Ll . ATP i Je AKP FiE Ve JFIE A B 2 4452
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Use of Strontium Chloride in Otolith Marking of Japanese Flounder
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Development of Marine Fisheries, Ministry of Agriculture and Rural Affairs; Shandong Provincial Key Laboratory of Fishery
Resources and Ecological Environment, Qingdao 266071)

Abstract In the management of stock enhanced Japanese flounder, it is often necessary to distinguish
those that are hatchery-reared, from wild stocks. This study examines the feasibility of marking Japanese
flounder by feeding them a diet enriched with strontium. To achieve nominally different concentrations of
strontium in the fish food, 1, 8, and 64 g of strontium chloride crystals (SrCl,-6H,0) were each dissolved
in 1 L of distilled water and sprayed onto 1 kg of pelleted feed. The treatments groups of fish were fed the
pellets for 10 d, then farmed for 30 days, and then sampled. Our data shows that both the 8 g SrCly/kg
feed and 64 g SrCly/kg feed resulted in a mark on the otoliths of the Japanese flounder. The peak
concentration of strontium (8 g SrCly/kg), often resulted in otoliths with concentrations two orders of
magnitude higher than those found in the control fish. The concentration of strontium in the 64 g SrCl,/ kg
feed, resulted in a 6-fold or 18-fold increases in the otoliths. The strontium value increased with the
increased concentration of strontium in the pellet feed. The results also showed that strontium was safe for
the fish and did not negatively affect their mortality. The total body length of the treatment groups with 1
and 8 g SrClykg, were (11.11+1.32) cm and (10.88+1.07) cm, respectively, in which the length growth
rate was faster than that of the control group and the treatment group with 64 g SrCly/kg feed (P<<0.05).
With appropriate strontium concentrations, the growth of the Japanese flounder youth was enhanced. Our
results suggest that feeding a diet enriched in strontium could be an effective means of marking
hatchery-reared Japanese flounder for stock enhancement.

Key words Strontium marking; Otolith; Japanese flounder
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Tab.1 The number and size of samples from three different groupers
BER I Group type ﬁzl&;l‘& &4 Body length (cm) 1A Body weight (g)
Sample size  {i[il Range FI{H Average (il Range F{H Average
el A BE A E. lanceolatus 68 18.3~26.3 23.6+2.1 250.7~442.5  336.4+60.4
=E AP E. moara 91 16.9~22.2 20.3£1.5 203.3~385.8 275.9+49.6
A E. moara QXE. lanceolatus 3 121 18.8~25.5 22.5+1.7 240.5~420.6 316.7+57.4
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Fig.1 The morphological and mark points for measurement of grouper
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1: Total length; 2: Body length; 3: Tongue length; 4: Eye diameter; 5: Head length; 6: Body height; 7: Length of caudal
peduncle; 8: Height of caudal peduncle; 9: Dorsal fin front base to pelvic fin base; 10: Dorsal fin front base to pectoral fin base;
11: Base of the pectoral fin to the base of the pelvic fin; 12: Front base of the dorsal fin to the front base of the anal fin;

13: Base of the pectoral fin to the base of the front of the anal fin; 14: Base of the peritoneal fin to the base of the
front of the anal fin; 15: Base of the pectoral fin to the base of the caudal fin; 16: Base of the pelvic fin to the
base of the caudal fin; 17: Dorsal fin front base to caudal fin base minister; 18: Anterior base of the anal fin to

the caudal fin; 19: Length of caudal fin; 20: Length of dorsal fin front
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Tab.2 Mean values of meristic characters of three groupers (Mean+SD)

A B =B = AaBtf
,r@;{ﬁ Characters E?E’Eixf@ Eéﬁﬁﬁfﬁ j’EEI)(
E. lanceolatus E. moara E. moara Q@ x E. lanceolatus &
T BE N AL Number of dorsal fin spines 11.00+0.00 10.90+0.49 11.00+0.00
B8 S5 %0 Number of dorsal fin rays 14.27+0.45 14.79+1.24 13.79+1.37
Jia i 6% 2550 Number of pectoral fin rays 15.03+0.32 16.83+1.00 13.90+2.81
JI5 #€ & 25 %0 Number of ventral fin rays 6.000.00 5.86+0.35 5.31+0.47
T BERT A Number of anal fin spines 3.00+0.00 3.00+0.00 3.00+0.00
R B8 IR 4% Number of anal fin rays 8.00+£0.00 8.72+0.88 7.79£1.35
FE#i 1% 250 Number of caudal fin rays 14.93+0.83 16.03+£1.02 15.28+1.07
F3 3MAORERKERIERIKIEES
Tab.3 The euclidean distance among three groupers
e A B mE AR =l favEt
K G t By A B
e roup type E. lanceolatus E. moara E. moara Q x E. lanceolatus &
By 1B E. lanceolatus — 3.474 3.487
YA E. moara 3.474 — 2.681
= AR E. moara Q x E. lanceolatus & 3.487 2.681 —
5 10 15 20 25
mYORE - bommmmmm oo q---mmm - tommmmm oo bo--m--momm- t
E. moara
ol ABEE
E. moara Q x

E. lanceolatus 3

L age il

E. lanceolatus

B2 3 A BEAEHARRERE TR 1A

Fig.2 Hierarchical dendrogram of three groupers

222 ERAHNM X3 A~ B R R 19 ASE
AR IEAT R BT, R FREAR KT 1 &
Ay, IR 6 NERS . 19 MHRNE 6 S F RS
FRRAE i M 6 > ERUr I 7 Z0TER R L (R 4), 4

REBR, 91D FERS TR N 24.585%, HE T
SRR R A B AT AT, FERE X, X,

Xeo Xov Xiow Xioo Xos M X0 ZE38FE, HF, X Xo.

Xoo il X O BEUR A, W6 B W (RN L HEATE 5 48
2 TS TTIRE N 17.985%, B X; . X5, X
1 Xoo SEFEFR, B 3220 s A AR [r) 5 AE 5 56 3 AN
AT TR R A 10.410%, FURT 2 A~ 35805 OB BT AR,
ERWARbR X5 M X, 5 4 D FERITTTERE N
9.970%, SIBUERR Xy Fl Xio3 55 5 A~ F A SRR
6.542%, SLBRAEHR X7 Bl Xig5 20 6 4> F oy STRRRAL
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WAL= I B 5 SR B 25 25 52 00 # 77

H 5.542%, JCWUERR Xi. 6 D FE R R TTER S
H 74.945%, AT ARSI, AT UL
ANHH B ST B PR TR A AN R R ] R S 22 5
FIUH 3 A BEAREARI 5 1. 2
BAr 3 il = 42 o] A AT (B 3), FTLUE
B AR o 800 B e A BE A 3 oA BE LSS

A B CRARIEERIE, R 3 AT, 34
A BEARERAE 000 1 A 22 5 1 e 200 2 Bl
ERSr 3 5 RS R FPEEER, sati
Mz 8 B IE S 22 50N, M B Ip 25 22 5+
R, U 2 e A0 Bt BRI AR AR Al 1) T REAR = 80
BEfh .

x4 IMADWERFHEN 19 MERT 6 MERSMBERNER TS HIREKE
Tab.4 Eigenvectors and cumulative contribution rates of six principal components
from the 19 traits of three grouper populations

I 25 LU AT gk F 43 Principal component
Morphological proportional traits 1 2 3 4 5 6

X -0.432 0.051 -0.181 0.842 0.035 -0.163
X3 -0.330 —-0.647 0.330 0.129 0.016 —-0.059
Xy —-0.526 0.052 0.371 0.240 —0.131 —-0.104
Xs -0.187 -0.714 —-0.419 -0.029 0.032 0.157
X 0.704 -0.447 —-0.142 0.274 0.126 0.187
X, 0.128 0.355 0.069 -0.046 0.733 0.019
Xg 0.544 0.521 -0.169 0.150 0.039 0.311
Xy 0.713 -0.424 -0.268 0.250 0.133 0.157
Xio 0.759 -0.236 —-0.325 0.139 0.164 —-0.304
X1 -0.175 —-0.071 0.430 0.318 -0.068 0.785
X, 0.682 0.186 -0.359 0.053 —0.364 0.083
X3 0.603 -0.011 0.364 0.125 -0.230 -0.057
Xia 0.763 -0.198 0.281 0.087 —-0.113 -0.157
Xis 0.484 0.430 0.493 0.213 0.039 —-0.152
Xis 0.571 0.108 0.588 0.149 0.100 —-0.066
X7 -0.017 0.874 —-0.142 -0.018 —-0.105 -0.019
Xis -0.114 0.396 -0.096 0.025 0.545 0.111
X9 -0.395 0.065 -0.177 0.848 0.021 -0.148
X0 0.005 0.671 -0.343 0.122 -0.312 0.093

%E&ﬁi}’ﬁ#ﬂ(}; o 24.585 17.985 10.410 9.970 6.542 5.542

Principal component contribution rate (%)

UL 24.585 42.570 52.981 62.951 69.493 74.945

Cumulative contribution rate (%)

2.2.3  FlAHHT FIH SPSS a8 1935 A5 H1 51 43
Mriks, X 3 A BEARERA 19 A e @Rk 17 50 51
S0 R BN, A 4 A TTECRAR Y H MR AK R
AT HRNARK, 08 X5, Xoo Xe A1 Xy, 1 EHIX
4 A HLAGIPHIR 24 3K BB 257K P (P<0.01)(3k 5). HR4E

X A4S FO AR B ST 1Y 3 4> A0 SRE A A 170 A ) )
NS

F=21.108X5+38.413X—97.206X3+2.223.X,,~6.849
F,=-10.344X;+21.570Xs+21.931 X5+26.901.X,,—17.406

HLFVR G R F 5 Fy B STHRR 5 55.9%5
44.1%(F 6), ¥ 3 NABEATEARN X5, Xo. Xs 5 X4
b 4 AR A DL | 2 AN B R S ek, 2 T

3 A BEERER 950 A [T (] 4), 3% 2 A S K5 e 5

LR R A B nSCh RS s A B 3
TRE AR AR DX 50 T2

JIGh, ARG Xz Xeo Xs Fl X1u 36 4 MRS LGS
BOA B oy R R BOSE R KL, A 3 A BEfA AR

AT A PR :

o oA WM Y,=217.572X5+750.765 X5+
1425.499X; +413.410X,,~336.464

= WA Y>=318.678X;5+839.713 X4+
1020.377X3+358.203X,4~319.723

=~ kA B f Y5=258.526X5+672.660X+

1334.033X5+311.962X,4—269.278
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Fig.3 Scatter diagram for the first, the second and the third
principal components of three groupers
AN IV R ER S RO AW A A R
W R = e A1 Bt
The red dot represent E. lanceolatus;

the green dot represent E. moara; the blue dot
represent E. moara @xE. lanceolatusd

X A i I A 43 24 ) ) o B A T T 43 2
(F 7), 3 DEHRMHIBNERR P, 4338 95.59% .
93.41%F1 99.17%, FIHIERFE Py /0510 97.02% .
100%F01 93.75%, ZEEFIFHHR N 96.43%, F Kash R
SR, X3 NSRBI RO 3 AR R B R 4
U, BRI A TSR BAR, FIHAE 4 MES
B B8] 2 50104 40 590 R 506 A A A T 0 A v A %, L
TAER/N, L, FESEBRR ST AT . 50 W
HRARAIRNFEE, RFEENERYEK . ke,

FEAT . R A e e S DL Gk K Sk
K, A Bk 3 A HHIAE, TR 3 AN EUE,
D5 {8 i A F8 0 ) R K50 b 7 Y 44 BRAE % AR Y
4,

224 FHEFEpH AR A BRA =800 5K
5 A B 3 ARERAY 19 NS BRI T
FUR PO 22000, R fi N B 3 22 oo B
2R LI T 2 H LI (GE 8), S5 H R,
TEX 3 MEERRY 19 NMESEFIPERMES, B X, 4b
(P>0.05), HATEZAS Lol Ptk 2538 31 5 2 7K - (P<0.05)
O K (P<0.01), Z2E R BN, ¥l fa
B 5 n8Ca s 17 MESRFIHIRZ [ 255555
B EKE, 15 AR R EKTE, S AR
78.95%; iy B S A B [ AT 15 MES
BIER 2 0] 22 Sk B g K, Hoh, 5 14 ik F]
W ZACE, b REMIRI 73.68%; w8 AKMS
T AP Z A 12 MBS HBIPEIR 2 18] 22 51k 2 i)
WEKFE, AR 63.16%.,

3 itig

BT, AR HT R 22 205508, A
LIS (AR, 200 1) Flor A W 24 (1 & 445,
2008), 20 ttad KM, R 31 EW2= 1 AFLP, SSR
50 B AR G5 A3 AT AR ) s AR DR 2 AR
FIF RAPD X} 5 Fbf B fi i 8 4% 22 b A TR 5 o Mr
A, ZBLIX 5 Fif BEfa 2 0] 1 Z R e, B34
LML N 60.34%~73.94% (X XHEEE, 2008), #
FH 4 F W2 7 16 X R GE BEAAR (8] 1 82 4 25 5 E Aff
e, AHRBVE SRR EE 45 5 4015, BRAERRT R

RS 3INELERE 19 D LEHIMEKAYZE S F 5 Wilks’ Lambda {&
Tab.5 Wilks’ Lambda values of stepwise discriminant analysis of 19 traits in three groupers

FiH F {H Exact F

G N
Step 7% Entered  Statistic i1 Statistic dfl af2 B E MK Sig.
1 X4 0.409 1 2 277 200.375 2 277.000 0.000
2 X3 0.178 2 2 277 189.139 4 552.000 0.000
3 X 0.124 3 2 277 168.403 6 550.000 0.000
4 X 0.080 4 2 277 173.409 8 548.000 0.000
F*o HEFIZIREF M F)MFIEES TR E
Tab.6 Eigenvalues and variance canonical discriminant function
PR FEE DY S YAV e BLRYRH OC R A
Function Eigenvalue Contribution (%) Cumulative contribution (%) Canonical correlation
1 2.844* 55.9 55.9 0.860
2 2.245° 44.1 100.0 0.832
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Fig.4 Two dimensional spatial distribution of E. moara, E.
lanceolatus and E. moara Q@ *E. lanceolatus &

FE(H KM, 2017), FrLL, FIFEY L2083t )5k
Xof R E i R 55 0 BT KSR S a8 A B R L o 5
IR 20 EEF B

FriB 42 g1, 8N Et TRy
22~ D2 2 1) R o 76 X AE W T A 38 750 22 S A 1F
FEE TR, AR . ERS A F5
0T 3 R IE AT R (R SR AR, 2003; HEAREAF,
2010). AHFFEFIH RIS 0 F51 50 B 2 B4 43
Brix 3 Fw R AE M 2 e85 DA R ROT R L B
[R5 22 43 W B4 05 vk 6 2 T A B £ LA B RGE A TR 25
2T T ST .

R 5 R R I FH AR B T B — R B A S ik
A A REAS 7 22 VR R MR 56 o R 7 K 3 Xt 4 Fh
2T R TR RVE AT, & BGX 4 T SRR ] Btk
J7 TR 22 528 8 38 (B OFE, 2002). ARBF5EH, FIH

RO 3 A0 BE AR ] ORI T AT, 45
WREW, = B a5 R ARTE B R 22 5% oA
R, S AR S sachasam haRf)E, Eit
feid i, —FHIEANRKR/N A ok, (Breilmk
RURT B R A AR Ak, U B 4 i 2 80 R 5 bR i 3
PR F A PR SF I o Fh T JC7E F FH 2 BY mT B0 R AR o X
Iy = H KA, AU B T 2 008 oM v el i
PERIEFTAIFSE
w800 B N e A B 3 A
PRI RS AT 5 I3 T 25 SR — 30, BB S
fE L, BEALEMBIT, A —ERERES, 2
LRz oA BT S RE AR 0] TR AR = 800 3
fi, TERIIEE R, m AWMl S 800 it
RB—3, RIF SEar AR AR — %, WA
B0 5 = SO B ART o 7E F R AR A T
MEIMEE R, &A= o0h BT 50 5 5
AN, S A BREE SR B K . = A B 5 AL
AR4lifh 3 ANMFERIE SRS, B AL 3 AR
TR, ZuscFh = e Bt AR B SRR . )
TEASHRAE 52 25 SR BE A R R A L [RIAE T, R
I MR 22 S5 (K IESE, 2017). molAbEty
Bl A B0 2 [ AE T AR RRAE 11 25 5 0 2 R X A
PR 2528 B ), AR s 0 B, AR5 o e A0 BE
5B AR < 80A B L SRHEAR T, 7T RES BEARRL
N b ARIE A g TR R, AW MANIES
FRAE T BB A2 2R 1R L [ 3 3K 19 5% il (Bolnick et al,
2008). = oA BE LR IR EE R 415 2 80 B A AR
IR 99.8%, H#xar 4 BN N 89.3%(Gao et al,
2017), EHBIHTH, FIAWK/ &K KaE/aek,
A G /4 KK R I A KL 2 T I i U SR K /A K 4 A
TR R KBS BOHE S B R B, 2R A R Rk

R7T ET4NMTHEENLREE N AR 3 MEHEH A DL

Tab.7  Results of discriminant analysis of three groupers based on
three discriminant functions with four significant ratio variables
RIPAES F 50 A }
o Forecast classification Discrimination accuracy (%) LEEFINR
TR AY P Comprehensive
Group type B O 800 B s et P P discrimination
E. lanceolatus  E. moara E. moara § x 1(%) 2(%) rate (%)
E. lanceolatus 3

ol 1B E. lanceolatus 65 0 3 95.59 97.02
BB E. moara 1 85 5 93.41 100 06.43
AREHE 1 0 120 99.17 93.75
E. moara Q@ x E. lanceolatus®
ST Total 67 85 128
H 3% Percentage (%) 23.93 30.36 45.71
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Tab.8  Means of the 19 morphological traits of three groupers

AR Traits  Eew A B E. lanceolatus

VAW E moara

=l AR E. moara @ x E. lanceolatusd

X, 1.158+0.0258 1.180+0.021*
X; 0.180+0.012" 0.267+0.017*
X, 0.099+0.003¢ 0.127+0.006*
X5 0.349+0.028¢ 0.393+0.044"
X 0.364+0.017* 0.362+0.027"
X; 0.140+0.018* 0.131+0.022"
Xg 0.13440.008* 0.114+0.010€
X, 0.351+0.018"* 0.345+0.0234°
Xio 0.242+0.0234 0.226+0.027"
X 0.13240.016 0.13620.020
X1 0.487+0.037* 0.440+0.026"
Xi3 0.438+0.072* 0.404+0.029"
Xia 0.404+0.032* 0.368+0.035"
Xis 0.696+0.030* 0.656+0.055"
Xis 0.678+0.043" 0.657+0.048"
X7 0.639+0.027* 0.598+0.0345
Xis 0.334+0.096" 0.309+0.0285¢
Xio 0.164+0.024% 0.180+0.021*
X0 0.523+0.058" 0.477+0.0328

1.185+0.016"
0.21240.0104
0.130+0.005"
0.363+0.019"
0.326£0.012°
0.136+0.0194B
0.123+0.0058
0.318+0.010%°
0.20120.017¢
0.135+0.010
0.443+0.016"
0.377+0.035€
0.31620.025¢
0.660+0.0218
0.639+0.017¢
0.6460.0174
0.032:+0.0204°
0.185+0.016*
0.52640.0234

TE: AT RARE A A R/ING FhE 378 22 53 135 (P<0.05), & A7 AN R KE R 19 3R 22 530 .35 (P<0.01)
Note: In the same row, values with different small letter superscripts mean significant differences (P<0.05); different capital
letter superscripts mean extremely significant differences (P<0.01)
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Analysis of the Morphological Differences Between Hybrid
“Epinephelus moara QxE. lanceolatus J” and Its Parents

LI Zhentong'?, CHENG Meiling®*, TIAN Yongsheng™*”, TANG Jiang'?,
MA Wenhui’, HOU Yunxia’, WANG Xiaomei’, ZHAI Jieming’

(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306; 2. Key Laboratory of Sustainable
Development of Marine Fisheries, Ministry of Agriculture and Rural Affairs, Yellow Sea Fisheries Research Institute, Chinese
Academy of Fishery Sciences, Qingdao 266071; 3. Laboratory for Marine Fisheries Science and Food Production Processes, Pilot
National Laboratory for Marine Science and Technology (Qingdao), Qingdao 266071; 4. College of Fisheries and Life Science,

Dalian Ocean University, Dalian 116023; 5. Mingbo Aquatic Co. Ltd., Laizhou 261400)

Abstract Seven countable traits and 20 measurable traits of three populations of the hybrid
“Epinephelus moara Q@ x E. lanceolatus3” and its parents, E. moara (}) and E. lanceolatus (3) were
measured, and the comparative analysis of morphological characteristics among the three groups were
performed by virtue of three kinds of multivariate statistical analysis methods, including cluster analysis,
principal component analysis and discriminant analysis and variance analysis methods. Chi- square test
results showed that there was no significant difference in the countable traits among the three grouper
populations. The result of cluster analysis revealed that, characters of “E. moara @ x E. lanceolatus3”
was more similar to E. moara than E. lanceolatus. Six comprehensive indexes reflecting morphological
characteristics were constructed by principal component analysis. The contribution rates of the six
principal components were 24.585%, 17.985%, 10.410%, 9.970%, 6.542%, and 5.542% respectively, and
the cumulative contribution rate of those was 74.945%. There were obvious deviations in morphological
characteristics among the three groupers, forming three different groups and hybrids. “E. moara @ x E.
lanceolatus3” has its own unique morphological features. By discriminant analysis, four morphological
characteristics that have the largest contribution to discriminating grouper, X3 (tongue length/head length),
X (height at withers/body length), X (height at caudal peduncle/body length), X4 (ventral fin basal to the
front of anal fin basal/body length), were selected to fit the typical discriminant function
(F1=21.108X3+38.413X,—97.206X512.223X1,-6.849,  F,—10.344X:+21.570X+21.931.X5+26.901.X14—17.406)
and the classification discriminant function (¥;=217.572X3+750.765X+1425.499X5+413.410X,4—336.464,
Y>,=318.678X3+839.713X:+1020.377Xs+358.203X14,-319.723 and Y3=258.526X3+672.660Xs+1334.033.X;
+311.962X14,—-269.278) that can distinguish the above three groupers, the comprehensive discriminant rate
was 96.43%. It can be considered that the four morphological characteristics selected by stepwise
discriminant analysis are feasible for the preliminary identification of three groupers. The results of
variance analysis showed that the morphological differences of the three groupers reached significant or
extremely significant levels in all characteristics except for Xj; (The pectoral fin base to the pelvic
fin/body length). Among them, there were 14 morphological traits between “E. moara @ x E.
lanceolatus3” and E. lanceolatus reached extremely significant levels, and 12 morphological traits
between “E. moara @ x E. lanceolatus3” and E. moara were extremely significant. The results of this
study provide biological basic data for the germplasm identification of “E. moara @ x E. lanceolatus3”,
E. moara and E. lanceolatus.

Key words Epinephelus moaraQxE. lanceolatus®; Epinephelus moara; E. lanceolatus;
Morphological difference; Multivariation analysis

D Corresponding author: TIAN Yongsheng, E-mail: tianys@ysfri.ac.cn
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D KA T Nlumina M 7 F & 5@ B0l 78 K, 3t K % (Scophthalmus maximus) 4 % i &
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RER, FEREK., £WERfARE
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ot 5 R R4 &5 FRTEAKER A B OTU AN8ue 4 & 481 fr 31,
%R, P H 1 (Bacteroidetes) .
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F U4 B %
& B T |1 (Firmicutes) 42

0 H I'T(Proteobacteria) & A % &7 4 & f 3 o 5 L% 3 fr, b, @RS EHEMENEREN 8 A
1, KA e mmamEmTREN 19T, SRES ML, KRYEFEITAFLEHIHE

ThBEBHELEMH ARG, o, TEFEFFER

%ﬁ*%é%ﬁﬂ*%%%%ﬁ”

Bt 100 L OTU 947 &7, 40 # 78 i 3

B, TG K 4 % A A — T b

GG A K B R AR SR R SR KA
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hESEE S968 XEAERIREE A

KEZZ6F(Scophthalmus maximus)J& Tt H M35, 7E
KEM S LA “ZxEa”, WA KA TIKE
55 JBE 18 1 B 3T 1) RN VA 4 (Blanquer et al, 1992), f&—
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JKAE & A 1) R IR (ROIE 48, 2016), AZ4FE%K,
WIFFE N D3 % R 22 R ZKORE 1 350 B Ao R B, 2
R EE T e A WA ZKCRE B B0 PR AR IS AR TR, iR g2 24l
18 KW (Edwardsiella tarda)(Z= %%, 2016) . 2 3
(Vibrio anguillarum)(5K e F %5, 2006) . il £ 5K
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(Vibrio splendidus)(Thomson et al, 2005) . M4k [N
(Vibrio harveyi)(Austin et al, 2006)F13% ik & (Vibrio
alginolyticus)(FKAEUE, 2006)%F , M /KIE X —4FFAE 44 1%
I3 FRIA2 W R B 96 1 A T TRIYE & 2 4 01 P R A A B
KB 2 257 40 1 (RFLP)BIF 55 K 22 6 iz 18 1o 2B 9 2+
PEOR & IKEE, 2014), (HXFE 57 ks A viE
B, B —E0N R, Raext 88 2 a3
TAEY AT AT (CE S5, 2017), XERL 4 I AT i
A AL R 2

o 38 o U AR SR — PP R X b T AN W AR
FFRRBE R A R AT e A58 2 AR . BAT, FET40m
16S rDNA 334 Il )3 1% = 38 12 I3 B2 AR B F 55 4
AR 55 PN PR (A W TR R A 1 R TR B, R K PR
(BEWF4E, 2016). T 1E(Ligi er al, 2014; Zhang ef al,
2016) . 25 U(ZELLMEEE, 2015) , H [ (Pozhitkov et al, 2011)
FURLH A B (MR, 2016) %5 7 A8 3 T )32 i
TR R it A 355 P %) e A 0 2 ORISR

A 5T 5L T Mlumina I 571 6 1 /&7 38 & 007 4R
Xof L AR RS2 57 5 7 B v I B SR B K R | #Ktb
HFARIEIK . AR R RME R 5 [ SR B IE KR 1Y
e S A TIRSY, S B R R KCE B TR) B IR 2R )
PHRL . FRIE K AN &y 6 iy i ) A= W03 858 9 ) sl A= W 2
BB ARG, DI IR AT R R Z2 61 5 14 il I 97
B PRI HE T8 2540, Sl R S5 BT 5 A R 2B A T s 4
HESTIGAKHE -

1 MRS %
1.1 EIe#Fal

T 2017 4E 4 H R ATEILARIESR IS T 1k
AR IR IR 00 R G AT REZ R R R G & - i
ERVWG A N)E W ENIFRmATIEAGE, B
W 4E T %y £ (Group_Fish) . AE#1H A (Group  Baits)fll
FEFH KA (Group_Water) 3 ZEHE i 4l 053 A {4y £ 2
(Group B)FI&JR4h a4l (Group F), 4 3 E; 4¥iH
B Sk H DTS ) TS /N B (drtemia salina)FJG
BN B (Artemia saling) . 2 B PERAT KX B (Artemia
salina) . & H (Rotifer) . /WEREE (Chlorella) F1 34 47
(Schizochytrium), TEFPERL 1 MES; FREEKIAN] 23
R E KM SR K (Group B) . fil FE 4 A 3% Bl K 4K
(Group_C)FI A 41 1 2 FE K A& (Group_D), HHr, H
SRUFIK 1A, FRIEAKIRL 31

1.2 %

121 HRmikE A= Py R R SCER 1 e HURTRE TR

7 F O AL 2 e AR A 31 5 /INask e TN LA i Sl 2\ ) B
FRWCERAR B 5 AKRE 2 ) FH I B B 25 A A 2 L KAkt
0.22 um FLAR AT R 2T 24 8 A5 20 11

1.2.2 DNA M#2HC  /KIREE DNA i FRAR 14
DNA #2HU& 7] & (TIANamp Soil DNA Kit)$#2 5, HAk
EAES BRI Gl W5 s LK & DNA R -5 05
BRI

123 FH@aEn 55k I 4t P T 5 1) 343F:
5-TACGGRAGGCAGCAG-3'/798R: 5'-CCGTCAATT-
CMTTTRAGTTT-3"%F 4H A1 16S rDNA ) V3-V4 [X i
1T PCR ¥ #4, i MIEOR A= 9\ Fl #4725 T Tllumina
-5 14 v

1.2.4 A5 4  XTIHUG R EEDE (Raw reads)
HEAT B £ 2% . DFHEM I G A B ab 21, SR
JF B A6 ST 91 (Valid tags). W ] VSEARCH(v2.4.2)%k
£, X Valid tags #< I8 97% I FHBLEE B 3S BN m #E 1
/325 BJT(Operational taxonomic unit, OTU), i /5%
BRI 28 o0 v 3 B S P AR iz oo AR
F ¥ 51 (Edgar, 2010), 35 Silva A SSU rRNA ¥4 &
JPAME BT, RIS AEM IR, RJaX &S OTU
TR . a-ZFEME . B-ZREME D A5 3 2K B
AR S5 R LU AT, R IR T AR FR B K A X R
FEEL G R Z RV S

2 GHEREHSW

21 HEEHESIT

19 ANFE A BRI 9 B b e 9 48 2 . RS AR
AL FRILAS Clean tags 722213 %%, R H-EBRIREIK,
RIS HRUF I 547621 %¢, 15 Clean_tags H 75.83%;
ffi ] VSEARCH (v2.4.2)81F, XA %UT 5% 97%
AL EE FE R I 3771 4> OTUs.

AR IR /N (BT . TERR/N R HLU(B2) .
TERER R HU(B3) ., & HL(B4) . /NER (B S) il 2447 5 (B6)
RIS R OTU N4k 90, 743, 50, 258, 277 Fil
111, ZEZFHAHIES 1090 4~ OTUs, KR4t
4% 3080 4~ OTUs, Hrr, HRHEKA OTU 1M4h
2124, 3 KGN e R 4 fa FR A KR B OTU A4
Bk 1899, 1806 A1 1013, 2 &4 J5 {4l fa 575K
TRZH 3RS 2464 > OTUs, 3 AN 14 %0 &)y £ 375
IR OTU N5k 520, 1374 F11320, £HE
J& K W # SR KR HE 3R 1 1560 4~ OTUs 4 fa 4
R4 785 4~ OTUs, Hp, 3 BigEL ) OTU 4
Bk 44, 51 F0 75, EEE A EFEL a4 IR
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87 /> OTUs, 3 RBARLMA OTU 555k 219,
634 1 41, 2 HE J5 KIFLh g 34545 777 4~ OTUs.,

WRAEAHER OTU (58, X#rEMm ATt mk 1
ﬁj‘"‘i—\‘o

#z1 FHOTU HKitH 4
Tab.1 Statistical analysis of OTUs in different groups
KR4 Group Water 14 Group Fish
415 EeEi ‘ . ‘
Group Group_Baits K RS FRFEKIA K IR {4l i KA o,
Group B Group C Group_ D Group_E Group F
OTU %1t 1090 2124 2464 1560 87 777
OTU_counts 3038 785

22 BXRBKEA. BEYEAH. AR EHFER
48A7 OTU Venn B 417

OTU (%% B o] IR Y A iy = & 72 FE (Zhang
et al, 2009), MIRFEFRFHAKMR . R4l 0 A 5 N A
YIZHEVER RS, X H AR KA . {4t |
KRN AL AR B OTU #5497 Venn K4 M (K 1),

Group_E

Group_F

Group_Baits

F1 ZHERAE

Venn diagram of groups

Fig.1

Group B: H#RifE/K; Group E: {#HE4f4H; Group F:
KImafidl; Group Baits: A9kl
Group_B: Natural sea water; Group_E: Healthy juvenile fish;
Group_F: Diseased juvenile fish; Group_Baits: Living baits

Group E #l1 Group F: Group E({d k%) ff1 20 ) Fl
Group F(RIRANELH)H OTU K550k 87 #1777,
A/ OTU 18k 79 4>, 44 B4 OTU £k H
Y 90.80%F1 10.17%.

Group_Water: [ R¥/K41(Group B)# OTU 4~
Bl 2124 (@R FRFEK AL (Group_C)RY OTU M4ICH
2464, KIRFFEFKAKL (Group D)) OTU %A Fr %
ik, 4 1560, Group Water & OTU %4 3038 4>, H:
Hr, il B 3R 5 K 1R 4 (Group C©) 5 H 4R ¥ K 4
(Group_B)IA [ OTU Hhy 1702 4>, & HARMEKA
SEHY 80.13%; MM FR A /K 2 5 A SR TR /K 21 4t

A OTU NECH 681 4>, 15 A SRR OTU S
32.06%.

Group_E. Group_B Fl Group_Baits: 3 434511
OTU #H» 23 4. HHH, Group E 5 Group Baits
AR OTU £y 80 4>, FeA HY OTU BUH 57 4>, ¢
55 Group E OTU %41 91.95%F1 65.52%; Group E
5 Group_B A5 OTU %k 23 4>, F#A 1 OTU %k
J50, 50515 Group E OTU %Ay 26.44%7F1 0.,

Group_F. Group B # Group Baits: 3 4G
OTU %tH M 155 4~. HH, Group F 5 Group_ Baits
A K OTU 0l 636 1>, F#A 19 OTU 2y 481 4>, 4
%15 Group F OTU %1 81.85%7#11 61.90%; Group F
5 Group_B 4719 OTU %4 186 1>, F#A ) OTU
J9 314,055 Group E OTU 1Y 23.94%H1 3.99%,

2.3 WEMSEESNT

2.3.1 A ¥ A % F M (a-Diversity) o # i % AF
Qiime B A AL —LABE OTU 519 Goods
coverages. Chaol Fll Simpson #(F& 2), 2 JlZEME
G MFIRE . OTU F& MBS M. T
FEM Y Good’s coverages 887 Hl A 0.93~1.00, T
Chaol fE¥Zx M B Zan &l 2 Fras, BEE fFEEL
ARG, 25 R it 2 L AR B AR, S5 it 2k
#T 2%, Chaol f8EUEA ST AR OTU 5 H
— 5, ULBAE ST TR EE R, A5 2RI
ARLAR R AR A P i 40 B {5 S . Group_Baits |

Group_Water il Group Fish F¢J Simpson #§%(5 A
0.83+0.094 , 0.95+0.035 1 0.82+0.12, F|f SPSS 18.0
BAEXT Simpson 8 #1722 43 M1 (One-way
ANOVA), 7R Group Water FUGE M) ZREVETR Y
2 & =T Group_ Baits 1 Group Fish P41 (P<0.05),

2.3.2 A % A (B-Diversity) 2 7 AR YR
T IR 28 43 M A A A R A0 M R A AR I AL 2 ¥ 3k
(Unweighted pair group method with arithmetic mean,
UPGMA)/ M, K Jackknifed & fliFE X UPGMA



S L e PP AR AT S )y £ i % SR B A B AR W R T A 87

x2 BHEMOZHEMEHY

Tab.2 o-Diversity indices of each sample

o ZREPESE L

M 1 4pt I
=T P i i a-Diversity indices
Sample Sample
ID Good’s_ Chaol Simpson
coverage
SrETE /N
Artemia salina B1 1.00 88.25 0.75
in Jinhaiwan
TokfE /N
Artemia salina B2 0.97 753.12 0.98
in Wudi
PR b
Artemia salina B3 1.00 34.60 0.73
in Tibet
1 Rotifer B4 0.99 24594  0.89
/NERE Chlorella B5 0.99 249.73 0.82
) A s
AR B6 100 11675  0.79
Schizochytrium
S e )
kit 1 28K W18 0.91 2013.70 0.97
Sea water
BEL kR W61 093 172352 0.99
Aquaculture W16.2 0.93 1729.30 0.98
water of healthy
juvenile fish w163 096 97722 0.93
ks FER kiR WI17.1 0.98 452.53 0.89
Aquaculture W17.2 0.95 1232.16 0.97
water of diseased
juvenile fish W17.3 0.95 1233.65 0.96
L F14.1 1.00 39.00 0.74
Healthy F14.2 1.00 67.00 0.75
juvenile fish F14.3 1.00 86.00  0.74
g il F15.1 1.00 259.07 0.96
Diseased F15.2 0.98 646.17 0.98
juvenile fish F15.3 .00 3533 0.74

AT SEREFEAT AR BG (8] 3). S5 BIR, 75%~ 100%0] {5
FEN KK IR B SRR A BB — 35 50%~75% 1]
{EEEIA R B2 B4 Il B5 5 &4l a2 v F15.1
I F15.2 B h—35 75%~100% ] {5 B A K R
) B1., B3 F1 B6. & fad v F15.3 SR
FRAFER RN —

A 3 W 4 4> B (PCA, Principal component
analysis) W S W FEAS 22 5 (1) OTU 4l kAT )7 255141,
R R 2 AN SCBRTT 221 2 ANERAEAE, FF RACAE S — 4k
AebR PCA AL 5 , 5T Unifrac FEESE1T PCA
I3Hre ML 4 TTIIEREH, FraRRS RECR A 5 #%:
TR R4 (Group Baits, Group E and Group F) 2
#%, HRIGE/KYL(Group B). f&REF#5H/KIAL (Group C).

I 37 5 K R 2 (Group D) 4% —#% . Group_Baits .
Group_C il Group_D K/ EEAE—K .

Chaol B Sample ID

2000 T —B3

T
\

1500 / - “wis

Chaol
T
£=
Qo

1000

500 - 1‘ F14.2

1 1 1
0 10000 20000 30000
Sequences_per_sample

Kl 2 F£F Chaol AR R Lk
Fig.2 The dilution curve based on the Chaol index

Bl: &EV5/NE il B2: Jokf/ME L B3: PHCRE
W B4: 4 B5: /NEREE; B6: ZUINEE:; W18: [ ARMEK;
W16: fEEE4hta IR KA W1T: KR 4h i IR5E Kk, Fl4:
fERELf; F15: Kghfa., [IE 3. 155 FlE 6
B1: Artemia salina in Jinhaiwan; B2: Artemia salina in Wudi;
B3: Artemia salina in Tibet; B4: Rotifer; BS: Chlorella; B6:
Schizochytrium; W18: Sea water; W16: Aquaculture water of
healthy juvenile fish; W17: Aquaculture water of diseased
juvenile fish; F14: Healthy juvenile fish; F15: Diseased
juvenile fish. The same as in Fig.3, Fig.5, and Fig.6

B1

B3
——aw

F15.3

F14.2

F14.3
B6

' F15.2

B4
L F15.1
BS
w18
_{ Wwié.1
W16.2
W16.3
W17.2

W17.3
0.1 Ww17.1

Kl 3 UPGMA I K nl {5 BEAG 46
Fig.3 UPGMA cluster analysis and reliability test

auh, Hf, GO Hasr IR UPGMA 408 il (5 B2 Y
75%~100%. 50%~75% . 25%~50%7F1 25%
Red, yellow, green, and blue represent 75%~100%, 50%~75%,
25%~50%#1 25% of UPGMA analysis reliability
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% TETTKF b, SF4EFF 1] (Fibrobacteres) . #1574
$ Group , ["J(Elusimicrobia) . ZiEK | J(Lentisphaerae) . %25

25t giﬁﬁﬂ:gms i '] (Chloroflexi) . JJ f# 7 I'] (Verrucomicrobia)

’ : g:gzg_g I_:.a_lt‘escibacteria\ Cloacimonetes ., Aminicenantes . %%ﬁ
% ol giﬁﬁ”-ﬁ i I](Arm.atlmonaieqtis‘)\ Séccharlbacterla\ 7&6);12!:11
o P_ (Chlamydiae) . #2 /i€ 1% | ] (Spirochaetae) . Synergistetes .
4 Candidate_division SR1 . Marinimicrobia (SAR406
25 clade). TM6. PAUC34f, JL ETNP Z39. GOUTA4,
SHA 109, WCHBI1_60 Fil TA06 %5 22 /M1 4078 & fF
s | B, AHAREHELSEN 1%; BATEI]
s . . L . (Acidobacteria) . {Z # [ J(Actinobacteria) . FUFF B[]

=50 0 50 100 150
PC1 33.82%

K4 FRr ot
Fig.4 Principal component analysis (PCA)
Group B: HSKIE/KZH; Group C: {8 FE4) 8 F 5t K A4
Group_D: KJi#%)fa 358K K; Group_E: fHE4hfad;
Group_F: K44l ; Group Baits: AE¥)H kM40
Group_ B: Natural sea water; Group_C: Sea water of healthy
juvenile fish; Group D: Sea water of diseased juvenile fish;

Group_E: Healthy juvenile fish; Group_F: Diseased juvenile
fish; Group_Baits: Living baits

233 0. A, BERSERTFTHBELEMI>N

FRPEE RS S, B AR AR EAS YN 7 P RGN A 7k
WA AE A AT, Hob, AE T 37 4N, 100
AL 225 A H L 459 DERFRTSO N

100 —
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40 -

X2 Relative abundance/%

20

10 ~

B1 B2 B3 B4 BS

® Proteobacteria
® Gemmatimonadetes

u Tenericutes
u Gracilibacteria

(Bacteroidetes) . %t B [] (Chlorobi) . {4 # I
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Fig.5 Relative abundance at phylum level of bacterial communities of samples
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Fig.6 Relative abundance at phylum level of bacterial communities of samples
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WU Huanhuan'?, WANG Weiji’, LU Ding’, HU Yulong’, KONG Jie'?"

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

Abstract In order to study the effects of environmental factors on the intestinal flora structure of
turbot (Scophthamus maximus), we used high-throughput sequencing to explore the bacterial community
structure and diversity in juvenile turbot intestines, the culture environment, and biological baits. The
results showed that 547621 effective sequences were detected in nineteen samples, and they could be
classified into 3771 operational taxonomic units (OTUs), among which 3038, 1090, 87, and 777
originated from the aquaculture water, the biological baits, healthy juvenile turbot intestine, and diseased
juvenile fish intestine, respectively. There were 57 OTUs shared between the healthy juvenile turbot
intestine and the biological baits, 0 OTU shared between the healthy juvenile turbot intestine and
aquaculture water, 481 OTUs shared between the diseased juvenile fish intestine and the biological baits,
31 OTUs shared between the diseased juvenile fish intestine and the aquaculture water. The effect of
biological bait on microbial diversity of intestinal tract of juvenile fish was much greater than that of
environment. In total, the predominant phyla in the turbot intestine were Bacteroidetes, Firmicutes, and
Proteobacteria. The intestinal microflora of healthy juvenile turbot can be clustered into 8 phyla, and the
intestinal microflora of the diseased juvenile fish could be clustered into 19 phyla. Compared with the
healthy juveniles, the community structure of the predominant phyla was imbalanced at the intestinal level
of the diseased juvenile fish. Furthermore, analysis of the 100 most abundant bacterial OTUs in the
different samples revealed that the species dominant in the intestinal bacteria of juvenile fish was closely
related to the dominant species in the biological baits. Meanwhile, the intestinal dominant bacteria species
of each diseased juvenile are different. This study provided the basis for healthy culture and
micro-ecological regulation of turbot.

Key words Biodiversity; High throughput sequencing; Turbot (Scophthalmus maximus)
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IEE A E 15(TIL-15)H 45 #9435 4iE
SEARIE

T 3 3

X EE

K AR M
(AR GRINE IS ity

264209)

HE N A % 15(Interleukin-15, IL-15)7E #A VL &% (Trachidermus fasciatus Heckel) st K #,7%

W ee, AFFRAF RACE #R &5 2| &% 1L-15 X B (é#r 4 & TIL-15)8 2K cDNA 771,

HKE A 1140 bp, &4 5'-3E 44 X (5'-UTR) 165 bp. FF # i 4E(ORF) 522 bp #1 3'UTR 453 bp.

7 5'UTR X3k, #& 4 MEEAEINI AUG BERIEGL R . 3£ E ORF 4745 173 N A K (aa), H
A 59 aa HEEMRFI . RAKSK N 114 aa, FAHFEH 12.975 kDa, HEib % K4 5.15, [
BRI, &K IL-15 X FEERS, TAL-15 5§ E & X [L-15 FREEAE 23%~61%= 1., %7
Gt Xt An Z M EE R B or, TIL-15 AR HA 4/ o B ZREM, R RN 4 NERE
BEERT. QRLPCR 241k W, TAL-15 | 2 kk TMILH L AR F, HEFEHE S
(Lipopolysaccharides, LPS)J& , TfIL-15 mRNA 7E fiif . & k. AFAEAR A B34 B Rk, 78 H ko
MR F, REJE 2h kK ERE FFRERFE, 205 xR AN 74 5041 . I IEAE R
G 12h Rk B A 0 3 A0 18 15, AFAES, HJE 96h, Rk EH A LR EXTHAN 86 1.
ERERKYA, TAL-15 Tk 5 5 TR HFHIU AR R it 2, 746, AIIME TAL-15

RAFR R RERIK, KRB ELEE, H#t— SR TAL-15 AN L2 T 4.

Kigia

hESES Q78,8917  CEAFRIRAE A

IL-15 2[4 Z (Interleukin, TL)Z % 4 852 i, bt
Z—, B5 IL-2. GM-CSFCKL4H ifl—E Wk 20 i £ 7% )
WIHF) . G-CSFCRLAHMISE % R A )55, A8 T 4a
W2 JiE 41 it K 7 K % (Lodolce et al, 2002), %45 7K1
IL-15 fA7E T 2R RN MAL 23 B, a R
M. LR ARME . PRZSANAE . BN . BRI
R SOIR AN A SOl L Bl . AR % LS (Carson et al,

WMIL% 5 A% 15(IL-15); wB; EZEKAK; EHdEARE
XEHS  2095-9869(2019)04-0095-09

1995; Lee et al, 1996). 1B /K ¥/ IL-15 7E L1 5%
B R A0 W P HAR Mg A I B . XL R S
IL-15 JEPH P8 SRR 52 R AR OC , X S50y
K ALFE 5'-UTR 2B G A TR . FER(E S
AR B 38 koK i B9 E BB 25 45 45 (Bamford et al, 1996 .

1998; Kurys et al, 2000), 1L-15 &—Fh Z 3044+,
FLA S8 b 40 I 1 | {40 Jif A 0 (Ratthé er al,
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2004) F1 NK 4i i & & JF 19 o H 4f il 2 1 09 7
(Fehniger et al, 2001; Lodolce et al, 2002), 1.4}, IL-15
W EARIEL T 40H/B M55 . 5 S R EkE A o
Wh . BRSBTS A | AR S T RN SR
HHRILEZFIRE(EAR T, 1996).

REYIREZHE, Bl T AN K EFEH N 7o 5
HEAG R 0 S AR A Y i, B A B R 1Y
TE R MERE TN K, S 9% T e W 5 A X i S (DL BT,
2006). 2004 4EZHi, BEFE M IL-15 AAHSCHTSE TAR
JUP AR WAHRIE o Wi 216 7R J7 i Takifugu rubripes) .
HH B K (Tetraodon  nigroviridis) Fl Bt 5 f1 (Danio
rerio) S YA L A THRI B 52 8L, — R G4 ML A 54
F5 IL-15 A JFIG 0k G2 & N 5E (Bei et al, 2006;
Fang et al, 2006; Gunimaladevi et al, 2007), B T UL I
3 Fhfa, AT, IL-15 WALEAT 5 Oncorhynchus mykiss) .
—Jilfti(Gasterosteus aculeatus) . 48 (Sparus aurata) .
2% A1 B (Oplegnathus fasciatus) . % 7 5 B % (Labeo
rohita, Hamilton)=5 /D44 25 v s (A5 21 (7 B, 2009;
Das et al, 2015; Pérez-Cordon et al, 2014; Wang et al,
2007), BFFE KB, £ 1L-15 0] DLy 2R SUR 40
A, Bz Z RIS S e RS
IL-15 ik B, (B b8 E AR R 20200 R B0 B
RIEI(DUHEHT, 2006; J7Ei, 2009), IEAh, IL-15 825
TR X BT AF A B B0 RE SR (Pérez-Cordon et al,
2014; Das et al, 2015), WL i§{ASME 2 ik IL-15 H
A 175 S 0L 695 )9O 2401 Jfd 7= A= TFN-y (Wang et al, 2007).
LTIy i A ARG IL-15, BeiGfb s R A
4Rt NEL T IR ME(CTLL-2) i 93k B 20 o ik
JBR 200, 10 ) 2 R A A g A B Y AR )
S IIRE(VLHHT, 2006, FMFELLEE, 2015), X EEAF5TH
A Ja ik — 2R ATT SR AL 1L-15 78 ff 2 fdt B F7 5 1 1)
IR SE SR T LA

WAVL&S (Trachidermus fasciatus Heckel), HJETF
fili}Z H (Scorpaeniformes) . ft4 %} (Cottidae) . FAIL
55 )& (Trachidermus) , 2 — T 3/ v 957 100 3000 3 £14) PR £
TR (TRARESE, 2008; PRAEIAE, 2016), SL4FR, H
TR R, 8 A K PR Bl (R
4:2016), HAT, T IL-15 B ERS T 65 4 A
FMATEE, AW T AL ET IL-15(48 24 K
TIL-15)RY 5, 34T TP SRk, B T 52 I 2%
Y6 7€ & PCR(Quantitative real-time PCR, qRT-PCR)#%
ARWFFE T HAE AR P 08 53 A1 RS 35 SR R0 e TR g 225
O, JFRI AR IR RGARINRIR T IL-15 AR
A E A o WA R ) gk — 20 R s 2R AN 1Y
RN, AT W A N 7 5 2R 500 R EGE

MSEHR . HARAMRIE NI — LIV TIL-15 (1)
DIRENTSEMBLIR T £ 55 5E 1 LAl

1 #MR57FE
1.1 MR EHRAEmEF

9~10 H I HIFATT I (R E 2 15~23 g)BL [ 14 3
BRI TIAMLET [ ARG IX, SCR AT T K
(12°C~14CHYiRFE 1 Ji. BEBUER @AM, FREEG
UL, AR5 i OO R L PR . 68 B . B2k
B BGLAE . M. DREFEAHZY, N7 BRI Trizol HHwifiEs
FHF$EHUE #4241 RNA,

LPS (Lipopolysaccharides, Ji§ZH)HI L5,
FAVLASF- 200 1 2 2 (B4 50 2%), — 4 50 pl
(0.04 mg/kg)y LPS, Xif B8 ZH 3 5 S5 (R BTG 1 A R
Ko HIPLIE 0. 2. 6. 12, 24, 48, 72, 96 h JiREFHL
FECERR 6 £5), Al B . B2 ik . A A0 gk T
ZHZ M RNA 25,

1.2 5 RNA BYIRELFN cDNA &R

Y& Trizol (Invitrogen 2\ F))ERAE Ui IH L HUAS A
A A 21 mRNA ., cDNA 25— 4 (1) & i S 1R
Clontech /A ] SMART(Switching mechanism at 5’ end
of RNA template) ()5 T U BHEAT (8 1)(5 HEmn 4,
2018).

1.3 TfIL-15 cDNA &K=&

M4 LPS HIL)S cDNA SCE R #) i 345 TFIL-15
FENAY EST FE41, A Primer 5.0 &R 1G5 14
15R 5 5' primer ECXF#EfT 5 RACE 7k ; B4k
HI5 14 15F 5 3’ anchor R Fie %147 3 RACE Fifé. Fir
FHBCA AL 5§35 5 HFAE cDNA, [ 251 : 94°CT5i
A5 S min; 94°CAEME 30 s, S5°CEM: 30 s, 72°CHE
1 40s, 30 MEF; 72°CLEMH 7 min, SRJ5HF PCR 4l
=915 pMD-18T # ik, sekElly, 53] 5
A1 375678 B .

1.4 THAL-15s EENEI S

I FHH AT BioEdit X RACE 345 1Y i i cDAN J¥
FIEATHHEE, LLERAS TIL-15 #9 cDNA &K 551 ; 18
T TELR A ExPASy(http://www.au.expasy.org/)X} TfIL-
15 1) cDNA JFHE T8 B . S oy FHm
W5 TEIL-15 SR8 S5 IR . BESEEAR A7 5053 3 1
JH SignallP 4.1 F1 NetNGlyc1.0 Server #4743 47 ; 25
() = EEFTMAE SWISS-MODEL (http:/swissmodel.
expasy.org) AT, SR 5 H PyMol # i 4T — 42549 11
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X ZEEELE . PAVEH AN 15(THIL-15) 145 M FHE 5 T 41 3Rk 97

A S bR 78 NCBI F 2 REIF 51, FIH ClustalW
BioEdit A1 DNAman #47 [R1VE T 51 X7, FIH
MEGAS5.0 {4 LASB A 1% (Neighbor-joining, NJ)F & £
BREW.

1.5 HAREH

TIL-15 B4 R 7Y 238 KOl Ja 2o b= AR Ak
it qRT-PCR #1347 . #R4E TIL-15 cDNA J74
Bt qRT-PCR 53 1), LAIEH 4541 20 BRI 2H A
Sof WA 2 f) S [ Aot ] 5 cDNA SRR, HEAF ST o S0
%PF: 94°C 3 min; 94°C 15s, 60°C 60 s, 40 M
(2R, 2016), S50 TR AT, L
B-actin {E N NS, BEAFEED cDNA % 3 A~ F475E
o RN AT 7300 SZETSEOGAE B PCR X
(Applied Biosystems, 3E)#H17, K AAHXTFRIE G
FRAE 274 A, 45 5 F S M (A5 22 (Mean+SD)
FoR(DEFESE, 2018), ZFWEMEMT T KM

JrHRAHT, M2 R BEHEKFE P<0.05 HHA NS
BE.

1.6 TfIL-15 EHAFEARXRIE

THIL-15 5 KRR B9 9 3555 | 420 439 5|\ EcoR 1
Hl Xho 1 V1N A5, 4 A E| pET-30a(+)FRIK RN £
TR A, MIEE pET-30a(+)/THIL-15 FiEH AL
AR IGHFH# vE e Ak DHSo 2 BRI PE v e i i )5
P ORS FE AT 1) R 3R R e AL A F Ak BL21(DE3)JF
PEAT BE A O 22

W5 0 0 B TR TR 20 ) BT LB WA ES FR 3 b i
Wi, WH, Bt w55 0 100 By H6) 258
WK LB 55355924 3 ho £ H ODgoo um M 0.6~0.8 i,
HIIAZHRE N 0.5 mmol/L ) IPTG #4755 S . 5545
WG, WEREMA, @it SDS-PAGE il H A 1)
FIRIEOL o PE—2 A 75 BEREAS I 2 B, 25 1 DAL
SIS

*1 PCRI¥MATREFT

Tab.l PCR primers and the sequences
5|4 Primers 51917 %] Primer sequence (5'~3") H ) Purpose
15F ACTACCCTGTTGACTGTCCACC 5" RACE and 3' RACE
15R CACAGAAGTACTCAGGAGGC
3" anchor R GACCACGCGTATCGATGTCGAC
5" Primer TACGGCTGCGAGAAGACGACAGAA

Oligo-anchor R

GACCACGCGTATCGATGTCGACT16(A/C/G)

S 5% 5% PCR Reverse transcription PCR

Smart F TACGGCTGCGAGAAGACGACAGAAGGG

15RTF CTGACGCTATGCTGTATGCTCCG qRT-PCR

15RTR CGTTGTCCGACTATTCATTTCTTGC

ActinF TGAGACCACCTACAACAGCATC qRT-PCR

ActinR GAGCGGATAACAATTTCACACAGG

15EMF TACTCAGAATTCGCTGAGCGTCCTTCGGTTTAT #H 1 #%3A Protein expression
15EMR TACTCACTCGAGTTACGTTGTCCGACTATTCAT

FEAf 2 A B LGRSO T, ST R A RO
R R 6Tk, Fak 451 ] PBS HEk (OB A I RE 1 h,
BRI S DOUE EA TR AR %, SRJ5 ] GenSeript
) His-tag = FZMAESEAT4iML, BAREREL RS L
Yu SE(2013) 77 . AL A R MR R E 868 15
Wrik, BAEREE 4CHENT 16 h (TJE5, 2013), BT
g5, @it SDS-PAGE il #2412 (1 Ay 4l fb 4t 5 o

2 #R

2.1 TIIL-15 EEZERF 545

FAVLEY IL-15 4K ¢cDNA JF41 (& 1, GenBank %
98 MH299805)% 1140 bp, Hi, 5-FE4umgIX

(5'-UTR) 165 bp, JFil[¥iZHE(ORF)522 bp, 3'-UTR
453 bp, 7E 5'-UTR IXI, fF7E 4 MEMHESMY AUG
BIIEE AR 45 . FEH ORF Zwfth 173 A2 3R (aa), H
W, HIT 59 aa NESINTFA . BEAVKEK R 114 aa,
R4y 12.975 kDa, USSR SR 515, B
BREAT 2 S ATHERY NOWEIEALAL 5 . NASM, 132~134;
NITV, 153~155,

¥ TAL-15 5 HABY R EEFE 51T EX, B
TfIL-15 5441 6 (BAN84544. 1)1 [al J5 7 fx &5 >
61%, Hh =l (NP_001254613.1) 59%, S5
f [FRE R 23%, HaZEFHFEREELE 23%~61%2
6], 5X9(Gallus gallus, AAF61446.1) A5 Ky 24%,
5 NZ& IL-15(Homo sapiens, AAA21551.1)[FJFEM:H
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1
76
151
1
226
21
301
46
376
71
451
96
526
121
601
146
676
171
751
826
901
976

GTGTCTGGAGCCTCATCTGGACCGCAATAACGCTCTCAAGCGTACACAACACAGGAGATGGACTACTGAGACAAA
AAAAAGCTTTIATGGGAATAAGCGAAATGICAAAANTGITGAGCTTGGCTTATTGCTCCGCTGGGAAGGAGAACGACT
ACGGCCGCTACGCAGATGACAGCCTTCACGACGGCGTCCCCGETGATCCACGTCCAGCCCGCATGECCCOGAGAG
MTAFTTASPVIHVYQPAWPGE
CAGCGCGCGAAAGGGGTCCAGTTCCAGTTGACCTGTCATCTTTGCAGAGAGAGTCACAAAACTAAGGTCTGGCTT
QRAKGVQFQLTCHLCRESHEKTEKVUWL
TGTTTCTTAGTTCTGAGCCTCCTGAGTACTTCTGTGTGTGCTGCTGAGCGTCCTTCGGTTTATCTACTGAATTGC
CFLVLSLLSTSVCAAERPSVYLLNGC
TTGGGGTCCGAAAGACTGAAAAATGCCATTAAGAGATCTGACGCTATGCTGTATGCTCCGTCAACTAGTGACGTT
LGSERLEKNAIEKRSDAMLYAPSTSDV
AAAGAAAACTGTAAAGAGTCATCGCTCAAATGTTACATATTGGAGCTGATGGTGGTCATCGTTGAAGAAGAAATT
KENCKESSLEKCYTLELMYVIVETEE!TI
CAGGATAAAAAAGCACATTGCATCTTTGACTTCAATGCCTCCATGCCAACAAACTACCCTGTTGACTGTCCACCA
QDKKAHCTIFDFNASMPTNYPVDCEPP
TGTGAAGCATTCTCACTTAAAAATATTACAGTATTCCTGGATAGACTCTTTAGCCTTTTGCAAGAAATGAATAGT
CEAFSLEKNITVFLDRLFSLLG QEMNS
CGGACAACGTAATGATGTGATACAATGTGCATTTGTAAATATTTGTAAATAATTGTGGTGGTTTTTATTTTGTAT
R T T #
ATATCACACTATAACTATGCCAACCTGTGAAAAAGCATACCGTCCTGTATTTTAAAATATAGCTTTAAATCGATG
AAAGAACTGAATTGGAAGCCATTGATTGATTGTTTGAAACAAATTGTTAATATGTACATGAAGCCTCTGCCACTG
CGTTGAAGAATTTGCCTTTTGGTTTTACAGTTTTGAGACAAGTAGCCAACAGTAGCAGCATGTATGAAATCCAGA
ATGTATATAAATGTGTGTGTATATATATATATATATAGCTCAGCTAAACACTACTGAATGTGACACCTATTATAC

1051 AGTATACACATAATGAACTCTAGTATCTTCAGAATAGCTTCTCACTCCATTAAATAATACCATAACTATGGAAAA
1126 AAAAAAAAAAAAAAA

I RIZAR 2050 Dy AR 0 e B AN AR RS T B O N-BEREAL AT

B 1 TIL-15 & cDNA J¥ 51 J H 405 )5 51

Fig.1 The nucleotide and deduced amino acid sequences of TfIL-15

TIHEN N 5"-UTR X BEMAESNE ATG B IR 107 41

(BN RN [V

The start codon and stop codon are underlined, the N-glycosylation sites are shadowed by gray, the arrow indicates the
signal peptide cleavage site, and the four out-of-frame ATG initiation codons in the 5" UTR are indicated in the boxes

25%, SIFLISFEIIEMERE 20%~25% 2 (0] (3% 2). 23
FRIF SN 2 P A Xt R B, (2K IL-15 5 28 gzl
IL-15 4 SR DX I R VR PR 5545 5 Ik es L a2 1IL-15
[R50 &4 5 S 2mm LIS M B 4 AMRSFRYE
ot R R HE (] 2)0

Fl SWISS-MODEL i {4ilif7T = AEL5 /i, A&
P TFIL-15 HA HE 4 4 o B8 — 4549 (8 3A). ¥
TfIL-15 5 AZKH) IL-15 &40 (F 3B), KIEALS
WG, IF B e R S E A, Ak,
LB 5340 2 AR TRIE BT 565 3 A Zhis (&l 3A),
THIL-15 R b 20 FE R TH & R (A) 5 A S B Ik
AR R R AW (N)E A o

RGP RN, WA 2R IL-15 B A —K
%, BARFEAWIN IL-15 B R B I —K L (E 4).

RS

qRT-PCR Z5 %W, TfIL-15 mRNA | Z H£ik T
PAVLAffC 2, Jorp, FEO R Rk AR S,
YN EE(E 5).

2.3 LPS R E&AELATF TAL-15 EEHRIEZTL

W& v E S LPS J&, TfIL-15 mRNA 7E ML . J2 )ik .
FEREAIRAE Hp 2 5 FIRRIR (R 6). TERZKH, 3%
JG 2 h TR IR EREE, IXIELAN 74 45,

2.2 TfIL-15 A4

£2 BHENY IL-15 RIEME LM 547
Tab.2 Amino acid identity of TfIL-15 with other vertebrate IL-15s
Y Species [E) 6% Identity (%) Yif Species [E P61 Identity (%)
A1 Oplegnathus fasciatus 61 WT#S Oncorhynchus mykiss 28
=it Gasterosteus aculeatus 59 Bt £0 Danio rerio 23
43k Sparus aurata 51 N Homo sapiens 25
LIBE R TJT 8 Takifugu rubripes 49 X Gallus gallus 24
G} Paralichthys olivaceus 47 4= Bos taurus 23
BEBIK Tetraodon nigroviridis 42 Wi 5% Sus scrofa 23
KVGHE Salmo salar 31 ¥ % B, Rattus norvegicus 20




55 4 1] XA A2 4 BATLET A 2 1S(THIL-15) RSG5 R 5 T2l ik 99
H. sapiens — +eorereeearaeaenns VR1SRERT RSTSTRCYI ORI . . INSHFT TRAGTAVE RGCRGAGT FKTRANWVNVTSTIRKTE . . . ... . .. 73
R. norvegicus — ---eeeeeeeeeeee- MKRTTKFYMBNTSTIYYTCET . .TNSHET! 73
B. taurus =~ ceereereesreeeans MRITKEYTRSTSICCYICLT . .INSHEI TEAGTHVEBIGCISAST PKTEANWCYVINCEKTTE. . .. .. .. 73
S scrofa .................. MRTTRFCTRSTCTCCYTCET . .TNSHET 73
G. ga”us MIGVACPTCNSAGARRRPESC .KTHVKSTCIEYCT YET . TNSHFECT TKNKT 91
T nigroviridis «......NMSGFEMTATACETCARGHRSRGVSEHSTCCIC. .REF. . . .KTWEPEERICFISI YTCHAAW. . .ETSEVKICT........ 79
T rubripes ....... VRCEMWV. .CPTCTI GFCRATGVHFGSSCHEC. .RET.TK 80
S aurata =~ cccccc- VMKAT FVTFVCPTCFGLCRARGICETS. .. ... ... TCN KVCT ........ G 73
S. salar .. .NTGFI’IVIIFCIRIIERR;iK WICLFWGERYY. . ﬂ.AE’IH TICCVREICSELL Sp? 97
0. mykiss . ..MTGFTTVITFCTRI T FRRTRKSVRWTCT EWGFHYY. . =A. AETHGMTTCCEVKET CSET ST.....JEKSPACH 97
TISIL . .NTAFTTASEVIHVCEAWEGECRAKGVC T_TCI-iC. . INCIC. ..... < 87
H. sapiens 162
R. norvegicus 162
B. taurus 162
S. scrofa 162
G. gallus 187
T. nigroviridis 172
T. rubripes 167
S. aurata 161
S. salar 193
O. mykiss 193
Tf-151IL 173

K2 AREYFIL-15 FEERR T 51 B 2 F 81 He X

Fig.2 Alignment of the amino acids of IL-15 protein sequences

TRAF IR DE R AT HER 7, i Sk R TE U AR B 24, (5 S RUI B LA R AR o P8 GenBank %558 57312 . A
H. sapiens (AAA21551.1), K R R. norvegicus (AAB94536.1), 4 B. taurus (AAA85130.1), WF%& S. scrofa (ABI181495.1),
X G gallus (AAF61446.1), BEBHTIK T nigroviridis (AAR25702.1), £L8EZRJ5fili T rubripes (CAF28987.2),
4:3k1 S, aurata (AGS55349.1), KPP S. salar (AFB81536.1), I8 O. mykiss (CAD88594.1)

The letters in box are the four conserved cysteine residues, the arrows indicate the formed two potential disulphide bonds,
and semi square bracket indicates the potential signal peptide cleavage site

B3 BB TIL-15 & (A&
HAEIL-150k )4 B EH(HE) (B)
Fig.3 Three-dimensional structure of modeled TfIL-15
protein (A) and the structural superposition of TfIL-15
protein (white) with human IL-15 (Grey) (B)

TR E DL AL SRR

The disulfides are indicated with arrows

ZJE— AP R kK E S 96 h; FE 1L
W, AR 2 h Rk DA EX AR 41 6%, 6h
Kk FHEEXRAR 023 15, ZERLH—HT
FART X IR B B LI ZE o AEME, FIEUS 2 h

ﬁ‘: =Wl G. aculeatus
PAYLES T. fasciatus *
LHEZR I8 T. rubripes
82 ——————— &3k# S aurata
r KUGHHEE S. salar
L dTt¥fs O. mykiss
BEPOIK T. nigroviridis
X G. gallus
5% ¥WE B R. norvegicus

10 N H. sapiens
1_[ 2k B. taurus
02 7% S. scrofa
Kl 4 JLFARFEF IL-15 2L )75
M R G KB R

Fig.4 Phylogenetic tree constructed with amino acid
sequences of IL-15 from various species

100

100

=il G aculeatus ) GenBank % 555 NP_001254613.1,
HARYIFH) GenBank %558 5 [ [ 2, 5 R AH YT
GenBank accession number of G aculeatus is NP_001254613.1,

and the others accession numbers are the same as in Fig.2.
The position of TfIL-15 is marked by an asterisk

FE TG DR EXT A 1.3 £%, 6 h A T,
12 hiK BN BRAL /) 35 4247, Z S MR AR B X R ZH K
FERFE AR, 5 Rk g W B, 2h, 6 h £ikk
o3l BV X IR 2.2 £5% 0 2.4 £%, 12 h B EIXT AR
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HXFRER
Relative expression level

K5 THIL-15 5 R 7EIE #2120 P A SR IA R
Fig.5 The constitutive expression of TfIL-15 mRNA in
different tissues of normal roughskin sculpin

18 1, JEMKE X IR K ; (HAERNLE 96 h,
FIRE R EE LR RA R 86 5.

2.4 TIIL-15 WRZRIE R 4L
PR TFIL-15 B FIRHERZ IPTG iS5
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Characterization and Recombinant Protein Expression of Interleukin-15
from Roughskin Sculpin, Trachidermus fasciatus

LIU Yingying, YU Shanshan, CHAI Yingmei, LIN Xiaopeng, ZHU Qian”
(School of Marine Science, Shandong University (Weihai), Weihai  264209)

Abstract
the IL-15 ¢cDNA named as TfIL-15 was cloned from roughskin sculpin, Trachidermus fasciatus. The
full-length of TfIL-15 cDNA is 1140 bp, which contains a 5'-UTR (untranslated region) of 165 bp, a
3’-UTR of 453 bp and an open reading frame (ORF) of 522 bp, encoding a polypeptide of 173 amino

Interleukin 15 (IL-15) is an important cytokine of fish immune system. In the present study,

acids (aa) with a putative 59 aa-long signal peptide. Four out-of-frame AUG initiation codons, the
negative translational regulators of mammalian IL-15 genes were also detected in the 5'-UTR of TfIL-15.
The protein sequence shared 23%~61% identity with reported fish IL-15s, displaying relatively high
degree of variation. TfIL-15 homologues also contained four highly conserved cysteine residues allowing
the formation of two disulfide bridges along with four predicted a-helices. Phylogenetic analysis grouped
roughskin sculpin with other fish on a separated branch, excluded from mammalian and avian IL-15s.
Quantitative real-time PCR (qQRT-PCR) analysis showed that TfIL-15 was widely expressed in all detected
tissues, with the highest expression in the heart. Post LPS challenge, TfIL-15 increased rapidly to the
maximum of 74 folds and 41 folds compared with that of the control group at 2 h post challenge (hpc) in
the skin and blood. The induction of TfIL-15 mRNA in the spleen and liver was 3 folds and 18 folds at 12
hpc. Interestingly, at 96 hpc, the expression of TfIL-15 in the liver was up-regulated again to the 86 folds
higher than that of the control group. These results indicate that TfIL-15 may play an important role in
fish innate immune response against microbial infections. Furthermore, the mature peptide of TfIL-15 was
expressed in E. coli BL21 (DE3) cells successfully, laying a foundation for further research on the
function of TfIL-15 protein.

Key words Roughskin sculpin (Trachidermus fasciatus); Interleukin-15 (IL-15); Gene clone;

Relative expression; Recombinant protein expression
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BNV AT IRIE K FRFERT F PR A L% F KRR TR S LR E SR E HD 2660715
3. W B EAERE SEORS E R LR E R R SR I IR E S 266071)

HE R RIS — A AF SR FEIG EMRAE, KA FEMF LT T &, 25 33 ER N R AR
3%, I H (Vibrio sp.). ¥ AF I J & (Enterocytozoon hepatopenaei, EHP) & & B 7 % R #H4T 7 B %
l, BEE, BT AFEFNEEREHEARSENTHNAY  £RET, BALRETTFE
W B R N %M B0RINEAEHP, AR o & 3845 & 4E 7 2 (WSSV)., 4 etk ALK 3R 007 &
(IMNV). fir 5t B H A1 5 2 (CMNV) J A% 4o M 5T o 41 835 36 0 2 (IHHNV) ;. %575 37 F I 4
WA KR B 168y, H, FENINE MR A & E I H (Vibrio parahaemolyticus) . 75 3% I H
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5 BRI R R I L0 9 Bl 75 9B (VP anep) s I 78 WP 3 K M 9% 78 3t K 0k 0 R T B R E 0 A
ik %[ (3.542.0). (8.240.7) mg/L, B F & T £ /IR A K E AR LA 3 AR E(P<0.05), 778 4
FEEYT/NER P, I E R R B R SR e B 3K 21 100%, T E SR 78 X IR JE X IR R
E, KRG H25%, RIEF R RPN, 3 &AM %70 0 0 5 K JE T 0 £ R B O FR78 % 4T
REMERIAF ek, B, FEAXER, KEAERTHEAREIGEENTRELE TR
BT REIER . RATRGRT N YAl i 1T F I 2 R R 30 TR A 2K

KA AAvEXE; RE; N, IR, mER; RERE
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il 20 21 3K %t 5 7 (Infectious hypodermal and
hematopoietic necrosis virus, IHHNV)(Yan et al,
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2017) % ffir #8599 B (Covert mortality nodavirus,

CMNV)(Zhang et al, 2017) , o8 41 18 3077 76 X R %
3% B (Sinnuengnong et al, 2018; KB B4 2016),

XFUFELR R TE (Qiu er al, 2017)5 AR TR PP 220
SV BT 9 IR SR E 25 & iE (Hepatopancreatic  necrosis
disease, AHPND)(Han et al, 2015; $MHE4E, 2018)H1

Tt HORR IR Izt (Enterocytozoon hepatopenaei,

EHP) 5 2 1 8R4 it HUf5 (Prasertsri et al, 2009).

FEXT R B 4 7 10, T X R Sk 2 57
B O R BT B R, Dl X AR SRR R
B AT SR T AR A v B D i, R FH A4S oK B el R
PO A S 1 1| A - O GO - =D Ol N7 5|
(Warneke et al, 2011; T il %, 2016), XFHFHGE
R BMORBA B T (R, 2017; BREk2
4, 2016; EHEAESE, 2017; HEEESE, 2017), HEW
XPURFRFE 7= 1 S AR T R

“hy A B Y OO R SR A o R L SR, A
FEREBE I AREEDT I 1 > HA KR A . 4%
B 1) FL & 152 XF MR (Litopenaeus vannamei) 3 5 3%
A Ry W 18 A A 58 B SR AE AT, SR BB S URE 1Y 7

U5, BRER I T XTI KR A FR G T2 2 IR A R R
i, TR AP RO i R R B A S B B T
AAE DL, LAY I 5 o3 A SR BE 3 B kR SRR i
P BRI BURSE TSR IEIN DX R IR AE
AR B 7 B A BB R Bl 5 R SCHF o

1 #RE5F*E
1.1 FHEBEARAZTRIE

111 R AR X HRFRIE A T 1L 7R
A S T LB 6 1 P B SR A b DX IR, 3558 FH K Ry
ATHE T IX KR . FRFE B KT 13.8 hm?, Hif,
FR5 =AM IE30 N N L 124, A TR
0.2 hm*; HEBIEI84, M MHEFN0.3 hm®); K
PR I M a4 CNEIRR 24, AE4N0.1 hm®; R LA
24, £480.5 hm?), BAKEECD, AR
40.8 hm®, T /KAREE % 4P IR W - 44 0K I
H1.6 m, RANFRFH M- A BOKTE A 1.4 mo I
P BREALFH B 3 74 O BR B EORE IR M, M SRS
TR, ] R AR B LR

x1 FEBHELKRFR

Tab.1 Basic information of the shrimp ponds

T

TR RS T N 1]

“ﬁlin é g “{E =] /E{ . . i > “/ N
éoﬁsﬁ N? Por{ldifef(imz) Stocking density Body length of Time of stocking Shrif lelljfcdferies
: (ind./m?) shrimp (cm) Year-month-day P
Gl 0.5 350 2.120.2 2017-05-25 c1
G2 0.5 350 0.6:0.1 2017-05-25 c2
2017-06-25 C3
G3 0.1 350 0.7+0.1
2017-06-18 C4
wi 02 70 0.7+0.1 2017-06-18 C3
w2 0.2 70 0.7+0.1 2017-06-10 c4
W3 0.3 70 0.7+0.1 2017-06-25 c4
w4 0.3 70 0.7+0.1 2017-06-25 c1

E: Cl~C4: FHY; GI~G3: KMIFRAEM; WI1~W4: RIMRAHMD
Note: C1~C4: Shrimp hatcheries; G1~G3: Indoor ponds; W1~W4: Outdoor ponds

112 FRAEE  FFEAKELEAR (G0 mg/l)
AbEE, PRSNGSR, FRAEHAE], AKRER B R
11£3.6, pH}7.8~8.5, KAHMIFEF KR F26.2°C~
32.5°C, ZEAMEAH MK IR 4123°C~28.5°C, K7 5E
M B £ RS B A AU (3 W/m) Kok 4 =R AL
(1.5 W/m%) , 2 4b F7 il W BE % /K %2 3K 3 S Bl
(1.5 W/m%) . TEFRFEWIIE], 28 40 37 5t K 1A o i
DO>5 mg/L, KMIFRF /KA DO>4 mg/L, FRIEIL
N TECA R, TREARK 3 emAAT, H#M

6k, HEHE HXTIFMAERS%; 3 em/s, HEME
4R, H B A XTI AR 3%, KA FRAE L H
TR N (20+5)%, SMIEFRAE M BE10 dfferk 1R, B
20%.

1.1.3 #EFRE HECH IR, 520 d BREER
N B 9l B2 3 K 0 K B FR bR (L | 2R | pH, DO,
HA . WA WAL, REKFE . XHIREE S
PEATHN P 70 B 5 | R AN, FF W S X IR &
e IR
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121 R#FRE  HEEMTHKET, ERAR
R T HUOKAE 100 mil, R PISLER =, HTFEA
B A3 A 53T o

122 @@ 5 AT 55 37 7K R RIS B 3 K A
H AR BIEL100 p A /K BE, KRR T 7K 1O A6 BE A B
TCHAR S T84 22 16EFITCBS [ {415 75 3L ; T HK
Xof U fi 3 B IR AR TR A RS I, FH AR 3R K 10154
FERRE, IR 2216EMITCBSHY [ AR 7835, F
28°CIHIR I FRAH N K #5724 h,

1.2.3 s RN ALK E B> b B g R IBOGS
IR30R2, ez PR . WL R BRIRAE &5 0T R
1AM ST RS, T 95% A 2B Fh AR A7 HT [R] SE 36 22
FH TIANGEN i& 7| & (TIANamp Marine Animals
DNA Kit)$2 HOFE i 2 ZE I 41 DNA, —80°CIRF7 4
H; FRNAiso Plus (TaKaRa)#&HUE: i ELRNA,
—80°CIRAF & H

1.3 AIEFERSHERMENSEE

131 TEIAEEAH>ELET BHER R S
) 2216E “F-Ai, RIS AL . K/ Bt st
B aift., FHZNT 16S rDNA 30314 75 8% i
A3 B U T A T4 2 %5 58 (Bikrol, et al, 2010), § 3%
PP EFCA TR TR (i) e dn A BRA 7 4 #
JIT A% 7 1 7E NCBI £i4s 22 Ho 47 [R) v FE X
132 RAKPTRAMAMKALINEHFEE R
P HKFELE— W B T IR 2216E AR LY
R 7 A, HESZ R G /KRR B 2 T b ) S 4 TR RS
BLAA AT 15 % 40 GRS s AR B KRR AR — o R R i
TURAT TCBS VAR W T v 45, R R iR 7K A
SN A, #7h CFU/ml,
1.3.3  XEAIRE &R & HHE TCBS F sy
BN R TR TR S5 A5 R R R R, il B
TR 33 58 A 2 S0 57 58 & AP (Vibrio sp.)
MR . DI A =P KA o I B A/
B KA TR R B 55 A TR < 100% o
1.4 3R %55 E

EHP } AHPND i £ ] J5 ¥ 43 51| 2 i Jaroenlak
4£(2016) i DangtipZF(2015)f 5 1 ; WSSV . IHHNV

S IMNV 9 46 I >k H [ Fr 5 9% J5 (Office Interna-
tional des Epizooties, OIE 2016)#f 1 i ke i 572,

CMNV ¥ | 2 B8 Zhang 25 (2014) () J5 8, Hidr,
WSSV. IMNV&CMNVi’QﬂqE;’&PCR , THHNV %
FHH HLPCR 2% e

K BE AR A

i YSI1556 i #5 =K B E A (Xylem, 3
), BABURE H AY 09:00 5550wk AR | R
BE B RRAEURT pHo KA rh 2 URIIE A R R ok
7 4 90 >R FH 5 B 305 53 6O B 1:(GB17378.4-2007)
MZEZL ey ¥ 2 (GB17378.4-2007)

1.6 HIESW

S 25 R FE Y AR 1E 25 (X4SD, n=3)FIR ,
iz 1 SPSS 18.0 ¥4, 45 &K J7 2253 #1(One-way
ANOVA), X H] Duncan’s 5 5 K 5070 T 52 5645 S 1)
25 WEN, WE2ZERIKT 0=0.05 (P<0.05 H 25
B3,

2 #R

1.5

21 XNMEKEBRERXRERBR

WLEE 2% KL I TP R R R A5 DL, 10 SR A
], A MR AE W A LR TR L3R 2. %575 Y
RHRERBAE ZEHT 10 d CRIMBEER . AR
A RER , Z SR RS IR AR S s
i an . B\, ARIIRHFEEFE 2, 1 A5G
WBBET:, HALT-RIbw, f&aihiit; G2 XHRAE
WEIETAF S G1 SE 4 AL, HH AREAR ) BLAY

x2 BHWINERFFER
Tab.2 Occurrence of shrimp disease in different ponds
W2 RIEERIRISE Onset date of disease (month-day)
Ponds No.  07-26 07-30 08-05 09-25
Gl /3%
G2 -
G3 -
W1 - - - +?
w2 - - - -
W3 - - - -
w4 - - - -
T /3% XPUR A thBRAE T, R I aff A R e oI TR B
Ml s — XTUFIER; +2: YR &R E A R
Note: [1/%: Shrimp infected by AHPND and EHP in

the same time and appeared death; —: Shrimp is normal; +?:
Dead shrimp appeared but without detection

/3%
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IR G R4 dZE AT 5 G3 Y XTI 2 ik 48k il
B, ARBIAIFAERE, ZEhaE, KWHE
5, MEFFET R IT50%, THFEHEE . AR R &
I R A BRI 25 5, 25 A0 O SRt v %) X R
299 Ao bR 5 0 T e TR A SRR T B, HL S KR
A WA AR o S A G AN RIE MR AR
B A o A, A S b AR 3R 5 B B — e 1
FRRREAR , RBOXTERI, = H, R
A, IRERMANE AR, [XWIZE9 25 H
BURIE , SET-HRMAR, BoAERIMGRE, REUT

F 3 XEMRRFFRIE KRB EREE
Tab.3 Component of predominant bacterial communities isolated from shrimp and water
RS
XiF WA P B T First time of

Bacteria isolated from shrimp  bacteria isolation
(month-day)

W B AR B
2.2 EEANHEIUEA TR FE 7K AR e 3o AR P R 35 R 4 2 A

AR A ], 0B B YR 305 A, XEray
BRI T RIS, ST S AN 258 Bk,
o, FRE KRS 164 £k, XTERAPR 94 Bk, HOXT
SER IR, FRAKAR T 164 BRE S A HRR 49 F,
SHEMA NG B R 31 i, RFIRA Py R 40
AL 3. R 3 AT, FRAKIR R RIS
STEMEN RIS Z

I

Bacteria isolated
from culture water

RGBS ]
First time of bacteria
isolation (month-day)

A I32E(0R)

Genus of bacteria

T o e e s TS EEAH 05.05
Pseudoalteromonas Pseudoalteromonas sp. Ptetraodonis
RAABZEE LML Ppiscicida 05-05
O B B 05.05
P.carrageenovora
B RS B Pphenolica 05-05
[E&E =2 05-05
Pseudoalteromonas sp.
Ak w
Rl F IR A. macleodii 06-14 F RS BB A.macleodii 07-24
Alteromonas
TEAE SR MU TR A. tagae 05-25
R BRI TR Alteromonas sp. 05-25
W& R Algoriphagus WEVS T Algoriphagus sp. 05-25
WP R B Marinomonas A M. communis 05-05
A FLICHE® Shewanella  #i75 FLICH S. haliotis 08-13
EEESE‘/JWWHEEE i 07-24 EZE?IJV@%EEE L 07-24
S.amazonensis S.amazonensis
Fi FLECTE Shewanella sp. 07-04 Fiv FLECHE Shewanella sp. 06-14
R \ B AL AL R
ERER LRI S. epidermidis 08-13  TAREEKGIA 07-24
Staphylococcus S. sciuri subsp.
R R HACEFFAT
LEHUAT R E Bacillus WA ZEMIFFIE B. licheniformis 07-04 BACFRATI 07-04
B. licheniformis
MR ZERFT PR B. subtilis 06-14 LA B. flexus 08-13
ZETFTEE Bacillus sp. 07-04 ZETUFT I Bacillus sp. 05-05
CUNag| SRR MT R e Al et
MR SREHIMTE 06-14 VMM NI E. profundum 08-13
Exiguobacterium E. aurantiacum
W/ MTEE Exiguobacterium sp. 06-14 LA INFTFH E. acetylicum 07-04




108 ool B o R %40 &
gR3

N o N

AN KR SRR P 0 R R First time of KPR IR HUIFEIH ]

Genus of bacteria

Bacteria isolated from shrimp

bacteria isolation
(month-day)

Bacteria isolated
from culture water

First time of bacteria
isolation (month-day)

BIRIKHEE Ruegeria

FHURFEE Cobetia
FriEMiE & Citreicella
IR E Salinivibrio
T )T

Aestuariibacter

A R R

Marinobacterium

BN E Pseudomonas

BRI Ruegeria sp.
SR IRE R.intermedia
RIS C. marina
FrEENER Citreicella sp.

MR Psychromonas 1EFT S U P heitensis

AR YN P, celer

SRR B Planococcus S HATENMIRES P. rifietoensis

kN
Staphylococcus

FIEKE & Paracoccus
RICATH R
Photobacterium

INTE & Vibrio

77 KB TR R
P. zeaxanthinifaciens
FE AR AT 1 A

P. damselae subsp.

RV LIREE V. parahaemolyticus

BIGIRE V. vulnificus

WS HECINER V. harveyi
BN V. alginolyticus
FRSCRHRER V. owensii
I V. azureus
TN V. natriegens
% JE RN V. shilonii
WU RIRE V. campbellii
JFOREE V. hepatarius

07-04
07-24
08-13
07-04

06-14
06-14
06-14

06-14

07-24

07-04

07-24
07-24
06-14
07-24
06-14
08-13
07-04
06-14
06-14

ENEUINTE E. indicum
ST

E. aurantiacum
/NI Exiguobacterium sp.
B 7R IKEE Ruegeria sp.

TRHURRE C.marina
¥ Citreicella sp.
RO Salinivibrio sp.

BT FF B destuariibacter sp.

T 41T Marinobacterium sp.

W& JE SRR T8 M.stanieri
RHHUTE Pseudomonas sp.
RN AN P, heitensis
BUAER B P celer

HZFRE Staphylococcus sp.

FE AR AT 1 A
P. damselae subsp.

R M SIKAT

V. parahaemolyticus
BIHRE V. vulnificus

WS HECINER V. harveyi
BN V. alginolyticus
FRSCIRHRER V. owensii
I V. azureus
TN V. natriegens
a2 JE [RINEE V. shilonii
EFELINE V. cholerae
EE I V. communis
J2SRE V. splendidus
SR MG V. sinaloensis
RSN V. salilacus
HENEE V. anguillarum
TE9RIE V. porteresiae

06-14

05-25

06-14
07-04

08-13
07-04
05-05

05-05

05-25

07-04
05-25
06-14
06-14

07-24

07-24

05-05

05-05
05-25
05-05
05-05
06-14
07-04
07-24
05-05
05-05
05-05
07-24
05-05
05-05
08-13
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23 AEFEBABFEEHLSEIFEM S DINE

B

A3 G T E A [R) R A B[] T A R A% ) RO e =
HPFRGE U I P B (B 1), B 1 AR, £
R AR S , Pt ISR RK, HEA SR
WE N IR E SR AE 10 CFU/ml 2245 , B 355
BFE A, TCie & A RAE Tt & R IR A, 7K
P rb IR 45 A R RS 2 0 HAE A A RAEIT ] Y
A ARt v 0 I B i Y e T AR, i
Ja—UCRAE8 A 13 HY), KM 75 ok B 1) 734
BEEIAF] T (3.740.9)x10* CFU/ml; T % 4P 555 i X
49(6.3+4.0) x10* CFU/ml,

5.0 —=— KHI3EF M Pond indoor
£ :'{(5) —— FEHNFEF I Pond outdoor
S .
S 4735
§§Ew
By = 2.5
[SR)
*M o X 2.0
= = Q15
£ 10
e 0.5
=

S

5-05 05-25 06-14 07-04 07-24 08-13
SKAETE] Date of sampling/month-day

B RMSRE b % 2 b5 5 b Hh oI 0 9 A8 A i
Fig.1 Changes of Vibrio density in the
ponds indoor and outdoor

09-02

2.4 EIFRIEM G KM FRIE M P R [E] SRR R E) R 7k
EHhEENMFEHELSEER

A3 NV GE T I A2 S8 37 58 3t 5% i K R[] 2R
FEI ] A 1Y o A (B2 E3) . i 2 A3
AIAL, TG R FR A s S = AR A, B TE R
FEIMONGE . BN . BROCICHNE . B INE . i
AN . KMFRaE T, &R F6H 14 H Y

60 - .

© —e— V. parahaemolyticus
S 50+ — w - V. vulnificus

s —— V. alginolyticus
40 codee V. owensii

Q o

& —o— V. harveyi

230

g p

8 20F

# 1oL
E 3
A e T

= = ~,
05-25 06-14 07-04 07-24  08-13

SRAERTE] Date of sampling/month-day
K2 RIRERAES 8] N KM SR K A4 5 B
TN 1Y o5 A%
Fig.2 Ratio of 5 Vibrio to total culturable bacteria
in ponds indoor at different sampling time

0
05-05

[N}
w

—— V. parahaemolyticus ==& = V. vulnificus
—&— J/. owensii

| =—@=— V. alginolyticus

[\)
(=]

—_
W

W

{546 % Occupency rate/%
S

(=

05-05 05-25 06-14 074

07-24
SRAERTE] Date of sampling/month-day

08-13

B3 AN[RLRAE I ) Y AP FRFE K M 5 Fh
EEINE A 5 A
Fig.3 Ratio of 5 Vibrio to total culturable bacteria
in ponds outdoor at different sampling time

1) b A R, Z 5, KPR BRI SR &
AT R, 2RHERMIER 1756.5%; FEI5E
BRI KRR T H 4B 2Z 0T, 25 A 5 A R
RA3% VAT, Ff5, R sk A R e -
F, BRFEERIIA21.4%,

2.5 EHP WM R

BT BR B R FR B, RS EHP A 4G I 445 S
W4, HFRATTH, FHEZT6H14H B IRk H
EHP, HEUERMIFRMMGL, 5 oh2 A K5 it
S FTHAH 524 HEHEHP, BT A 4440yt
AR B Ji — R URE ), A 34 b kG HEHP, 3
PEEHPAG I 45 5 0L &4

Fz4 EHPHMNLER
Tab.4 Detection results of EHP

3 2 SRFERTE] Date of sampling (month-day)

Ponds No. 05.25  06-14  07-04  07-24  08-13
Gl - +++ +++ +++ +4++
G2 - - +++ +++ +++
G3 / / - ++ ++
Wl / / - - -
w2 / / + - +++
W3 / / - - +
W4 / / - _ -+

H: G1~G3: KiFFsmuh; W1~W4. I/ FFE;
o BEPHME; - PHME; Heec SRPHME; - BIME; /0 ROk
Mo T

Note: G1~G3: Ponds indoor; W1~W4: Ponds outdoor; +:
Weak positive; ++: Positive; +++: Strong positive; — :
Negative; / : Not stocking. The same as below
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110 oo B
M Gl G2G3W1W2W3W4N P M GIG2G3 W1 W2W3W4N P
b
p ob
2000 )
1500 . 2000 ™
750
-
oo M. 1500'
750
250 ™ 500
100 0 .. L
100
A B

K4 7)1 4 H#& WA EHP PCR 9447 4)
Fig.4 PCR products for detection of EHP
in the sample of date 4th July

A: B 15 PCR™Y); B: % 2 % PCR F2#; M: DL2000
DNA 7 FhrifE; G1~G3: KMIFRAEM; WI~W4: FIh5%
BEML; N: FIMEXSER; P. PHMEXS MR, R
A: PCR products of first round; B: PCR products of
second round; M: DL2000 DNA marker; G1~G3: Ponds

indoor; W1~W4: Ponds outdoor; N: Negative control;
P: Positive control. The same as below

2.6 AHPND &g 8

AHPND R W A 25 R W5, RS aT o,
FETH A KT, A R ) % R AHPND
R, BTH24H, B T EIMREMWASS, Yk
HAHPND; 8H 13 H K R/, JT FH BRI %) 37 4 it
H X ER 34 AHPNDAS H o A3 AHPNDAS I 45
RILES,

#£5 AHPND @& R
Tab.5 Test results of AHPND

KAERT[E] Date of sampling (month-day)
05-25 06-14 07-04 07-24 08-13
Gl - - —
G2 - _ _
G3
W1
w2
W3
W4

s
Ponds No.

e e T
~ O~ ~ -~ ~

[ |

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

2.7 WSSV, IHHNV. CMNV. IMNV Hj# N2 £
X 2% SR AE B X O AE & JE AT PCRY 3G, Al

WSSV. IHHNV., CMNV. IMNV 4Fh%f iR,

WRA BB, S8R HEPCRES 4351 W

P16 Ul W12 75 37 77 58 PLAA T3 Xk B S X 47 I
I ILARARAE

M G1 G2G3 W1 W2W3W4 N P b M G1 G2G3W1W2W3W4P N

g

P

2000 ‘

1500
750

500

2000

1500
750
500

250

250
100 = 100

A B
K5 74 24 HA&MEES AHPND PCR " 3474

Fig.5 PCR products for detection of AHPND
in the sample of date 24th July

2.8 FRIEKMRH NHi-N K NO»-N HiREE L

R I 45 301 A 37 B 1t K 3 A 37 Bt K AR R
NH;-N J& NO»-N V¥ i, 455 4r B WL IE 7. & 8.
TERMIFRAE M, JCie NHA-N b2 NO,-N, H7s
TR IR EE A K, =AM FRAE b, AR A AR
NH;-N #y e @ (6 HB8AE 7 A BRI R s,
Sk B ik 5] (3.542.0) mg/L, 1fii NO>-N ¥k B 7E 33
B R I K SR At R, £ 8 A 14 H,
S-S5k B 2 18 F1)(8.2+0.7) mg/ml,

3 iTig

P UAER, [N AR5 %) DL X W 5 A=
B, RS EEL, Aas N, MXTEE
5 L) 22 FE AL 20 X8 R 3 Bl 5 R T B O MEJE
FEnE EHP M2 & mAT, ik e ok .
EHP J& — F il g P9 =7 A=y, B Ok BT 4R [
(Tourtip et al, 2009), IT4FH, 7eH EFRH H A
PEXFUF (Penaeus japonicus). FLEHTEXTHR LK B G
HEF(Macrobrachium rosenbergii) " A ¥ H (X2
45, 2016), XFUFERYY EHP J5 ] S84 KB %
(Rajendran, et al, 2016; Chayaburakul, et al, 2004),
Aranguren %5 (2017)WF5 3R, XTEFEYL EHP )5,
oy Z HUBNE TR AR G o AWTFESE REH], PR ER
R0, WA SR A B RSk, EHP 95 A7 AE Y
BRI RE, &P BEHP BT KMFREb S, =
FRIAARM, Br T W1 ob, HABPrA BRER rY it 1y
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Keifh EHP J&Gy . R ZFANFREMACRITE AR, MIRFAB AT A AT I RAL B, S ™
FUBHHTEAL B, (B Tizgr i it R IR — 2% BB T &1

M Gl G2G3 W1 W2W3W4 N P M Gl G2G3 W1 W2W3W4N P M Gl G2G3 W1 W2W3W4 N P M Gl G2G3 W1 W2W3W4 N P
bp bp - - i
2000
2000
1500
1500
750 - 70
500 250 & 500 -
250 100 250
100 100
A ] D
M Gl G2G3 W1 W2W3W4 N P b M Gl G2cY3W1 W2 W3 W4 NP M G1 G2G3 W1 W2W3W4 N P M Gl G2G3 W1 W2W3W4N P
PEEEwL .y b -
2000
1500
750 s
500
250 . 250 N
100 % 10 A N o
E F G H

El6 8 13 HA MM WSSV, THHNV, CMNC K& IMNV 4 Fiif iR PCR 4344
Fig.6 PCR products of WSSV, IHHNV, CMNYV and IMNV in the sample of date 13th August

AL BP0 WSSV 55 1 52 5 2 42 PCR ™ #); C. D 735109514 389F/389R K 309F/309R 45 lll IHHNV PCR =4 ;
E. F /355 CMNV 45 1 %8 )25 2 % PCR ¥y, G. H 43510 IMNV 45 1 %8 )25 2 % PCR /"4
A: First round PCR products for WSSV; B: Second round PCR products for WSSV; C: PCR products for IHHNV by primer

389F/389R; D: PCR products for IHHNV by primer309F/309R; E: First round PCR products for CMNV;
F: Second round PCR products for CMNV; G: First round PCR products for IMNV, H: Second round PCR products for IMNV

—

=67 210 ¢ .
T —eexmpaon L Q[ —m=JkiFEANE Pond indoor
%D St Pond indoor E 8 —a—ZHNEHH Pond outdoor
S | it s 7
AT Pond outdoor ® o 6
:cd g 4 S 5t
X o 3 m = 47
3 EE 3t
®E ol HE 2t
o 1t
g ! g (e e
§ O 05-05 05-25 06-14 07-04 07-24 08-13 09-02
S o SFAEETE] Date of sampling/month-day

0505 0525 06-14 07-04 0724 08-13  09-02

SREERTA] Date of sampling/month-day B 8  XFUFFRF AR NOZ-N Ve 1 AR fb a2

Fig.8 Variation of the concentration of NO,-N

B 7 SFURFREE AR I NHG-N ¥ B AR fbfa 3 in the shrimp ponds
Fig.7 Variation of the concentration of NH;-N
in the shrimp ponds 3 (Kondo ef al, 2015)J5 1,72 81 Hi AHPNDSE IR .

RN &I, XTEF AHPND kA S5IRGy AR ERES K AHPND I &5 SR o, 78 725 i
A PirA K PirB UKL BV IR A % (Lee, et al,  (7TH4HHFRFE HIFRAGI HZ0E , (HAE7H
2015; Tran, et al, 2013; FhHEZLE, 2018), HJITHisE 24 H 5, JUF-AE B A B 52 00 35 5 b vh kG i 2 7
FW], WPURERYLIR YN (Han ef al, 2017) . PS4EIC AHPNDRISSBHIE G 5, ELEFS: R 1RG4 55
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PR, 455 IR RO I e s e s S A I BT 1% 4 D00 25
FINH, %I S X R AR AE 15 & AHPND Y Rl %5
117Nz IS 3711 Py s B 7 s O (B e (17 N
AR ME— BN IR A A TR 2R, DRI SRR K A
X U A A T ) E Al A SO AT, A eI
MRS PGB |« 405 91K o A 4 FCOIR B, X i 280N
YO 1 PEAS 1 RE RIS

TEERERIY 7 ASFEFrh, BT s 1Y 3 4
HLYE 15 R A SR B, SRS B e T B A i R T
FEHH K 5 Z A SRFE AR R, PRORM 7 it 4% 1 4%
JE R ANFRRIMAY S A5, AH R A TR IR 3 5
TEAM M, BT ORI 2 RO A
PR BE e FRE R e T BUE AR L (] 4. & 5),
IRB T i I 9 B (BAR R AE, 2012), KB,
MR F 5 b K 5T A B AE R ik, BRI R W HE
AR, KEAEZ, CAMREN, BEEMER
W BB R A LA X IR B KT ) GRS AE, 2006),
BN R i R 9 ) B (B 41 A, 2014),

ZEA O3 BT AT 58 T RS T 7 45 o X A 5 it e %
FAIAEE SN 1% LGN X I 57 58 3 A7 A6 22 Fb
IR, Hodr, 2R S EHP SRR T80k
B 75 X R 5 1 SR 2 — o & A KR s it 5 =
HNFEFE U A AR o, AT DAHEWT , M 55 il (R
R, K U AN, U SO il S Ak B
T, BRI TR AR R R R A
WS IR A A A WSSV, THHNV . IMNV, CMNV
4 PSRN RE , S AR R TE LA X MR F3 5 h 8 3
BT E R R, (HR, ARG IFBCA HYERE S s
Hh, 2R IH ok S B M AN SR 2 0 IR SR 5 3 1 B0
o SR TEAR SR XTERFEG Y, X EHP . 496
A Bl 48 S 7K B A5 B 10 75 | o 1R EEE AL

& % x #
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Abstract

In order to clarify the shrimp disease occurred currently in the shrimp farms, shrimp

pathogens including vibrio, Enterocytozoon hepatopenaei (EHP) and four viral pathogens(WSSV .
IMNV. CMNYV and IHHNV) were detected using molecular biological detect methods under a regular

sampling pattern, meanwhile the concentration of ammonia nitrogen and nitrogenous nitrogen in water

body were also detected. The results showed that the main pathogens in the shrimp farm comprised
various pathogenic vibrio and EHP. However the shrimp virus WSSV, IMNV., CMNYV and IHHNV were
not detected. The vibrio species isolated and identified reached 16 totally, and the main species were

Vibrio parahaemolyticus,

V. alginolyticus, V. owensii, V. vulnificus, V. harveyi. Furthermore the

V. parahaemolyticus that could cause acute hepatopancreatic necrosis disease (Vaupnp) Was found out.

The concentration of ammonia nitrogen and nitrate nitrogen in the indoor pond reaching (3.5+£2.0) mg/L

and (8.2+0.7) mg/L, were significantly higher than that in the outdoor pond respectively (P < 0.05) in the

medium-term (July 24) of crop cycle. The intensity of infection of Vagpnp and EHP show a growing trend

in the culture period. In the seven ponds monitored, the ponds indoor had a higher incidence rate (100%),

while the ponds outdoor had a lower incidence rate (25%). The results indicated that shrimp disease onset

in the pond indoor might be caused by the infection of various vibrio and EHP, also the higher stocking

density, higher concentration of the ammonia nitrogen and nitrate nitrogen in the water body played a

synergy role in outbreak of shrimp disease. The results of this study could provide theoretical support and

scientific data for the prevention and control of shrimp diseases.
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Litopenaeus vannamei; Pathogen; Vibrio; Enterocytozoon hepatopenaei (EHP); Viral
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SesR IR AL ST 4 A KA A AR RN

B xEA T MK EBEC Rpa!
EXR T BEET ERA
(1. AN AR FRUEPE M AT PSR T p 92 DK RHEDF T B s K B0 5 2660715
2. HREEAERE SEARAR AR R LR FEE VA SEY T IS BRI RE  HE 2660715
3. HIARNKRFGERE S TR H 266109; 4. BHFGERFKT 54445k L 201306)

L I AW A W (Laminaria hyperborea)%h 75 7F B Jo 5% T By 48 x4 £ K # £ (RGR) X 4 1t
TR AL A, DAHA KA B ARG A 4 v A K B R B R B, 4B R ot BB e 9 AR b AL
H, 52 B R, & 40~80 pmol photons/(m*-s) % T, Ak 45 ¥ 6 RGR &, = Wk L3836 @
MHEAEKKAF, TRGR W _BMDA)EEZEE A XX R, KW AMERNTAMERT
B FEAMAER T RGR BIKWERHZ —, RALEFH ¥ FHEANH FSAEES MDA 4 &
EWMBEEHM XX F, T#HEM|D B AESOD) K it E 1k A B (CAT) M L& /1 5§ SA 4 & K MDA 4
EHNERAMAXR(EP, CAT hiEh 5 SA & EMMEXHAZEEEKT), ELANYEPOD)S
SOD Wt /1 EM B ZEA#* % 4, k% SOD. CAT % POD xt T # b it 4 v o 75 M .09 7% o 3
REHEEEWNIER, E SOD 5 POD # ¥ B oy thE 1E Al o & A0 55 ot 3 35 3 1 A TR AL i 47 40 o
AAEEANRE, AHERERT MDA WA R, XA LB T 4% 0 EREATFRK, M
FHEKTAE. EHEALT, HTEIHEWELHE N E4ERKEEFRE SOD X POD i HhiF 4 Kk
PARSE R N B EEAT, ANTIRBELENGEE, EHLT, YE TR mENTEZ a e EN
B AAR AR, CERNTEANBE LTI EE TR NTERLFRERBLE T mE L,
HTERA B E AT E, FRERT AR ETIATI TG R ELRARBESE,
X mAEW; R AK; A4 HEALRA

hESES Q945.79 XHEAARIRAE A XEHS  2095-9869(2019)04-0115-08

W AU i H (Laminaria hyperborea) & —F B A5 & BAT A MEN KRR E TGS, |z TR

* o [ K R A ST BE HE AR R 45 3% 5 5 (2016PT03; 2016HY-JC0302) . 7 & 17 R AR %135 H (17-3-3-65-nsh) .
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PEARACEIR, L6 A4 5 2 AR S R T B D S
E . B2 R MUK S B R (Kain, 1967 . 1971,
Schoschina, 1997). HACHERHT AR I 7 0948 P A 2 it
IR 25%~30%F1 17%~33%, J& T 16 e & B
AN ZE(Qin, 2008), HHABMGEAALL , WAL A %L
I BT 88 R R N oty BRI TR LU (B (MY/G), AT R I
B T B R S iR BE (Phillips e al, 2009; Qin, 2008;
i HaH 5, 2016), PRI, Wedbifgaiy fEik L 0 EoR g
] 45 ] 5 1 PH AR 4 JBORE 9 Ji 1 J5KH (Bixler et all,
2011), 734k, O Yoc R M4eE REEFRBITFE
e At ¥ 1 s T AT 2l W i) Rk S i R0 R i 3 I (3 IBE
1991; Schiener et al, 2015) . ML IHEHT A A 254 (LA ER
eI R (MR K B 7T 35 2~5 m) (Jupp et al,
1974; Kain, 1962, 1971), Z44 L% Hbr—M N
8~15 4F) (Kelly, 2005; Sjotun ez al, 1993), ZILK “iF
BEARMT LA, iR R IR Y L oY
SO S M, X ZE B VR A W) 2 A M R R AR
(Smale et al, 2013), 534, WAL #E s HA E2M
il Dife, Bk F BAREE IEEREZ —
(Pedersen er al, 2012), Z5 LAl M1, H AU FE W E 3
Yy MO T 35506 77 T 2 A w2 R AT

e AU VT 7 &I T 00T O B 3 . R T A e
FETE B S5 N R 2 —(Kain et al, 1965), W42 H W FH T
B M T A s 5 s i Sl 2z — , KA
Vi SR ' B P P — AT AR L AR AR AT
T A FE AR HEA TR B PR o XA AL R 7 | i
TR Gl BEESEARAE R BB BOL S A M
M, CAFEM T —y LK (Drew et al, 1976;
Kain et al, 1965; Kremer, 1984; Liining, 1971;
Willenbrink ez al, 1975), 1320 & 1R ILE Y
HeEHR . GRS . JERMES L BRI SE
VFZWFoe 2B, KAV B SR B o (nfa 3%
VSRR . L BRI AE) Y R B
23 2 M B IR ) A Ak LLTE AN [R] 9 6 IR BT 45 1 (22 2 0k
SE,2009; FRAE, 2013; FYEIARAE, 2016), JGHRJEE
U BEAR N AL s R FER R —
(Lapointe et al, 1984), AL T X AN [6] 56 R G821
Az A e 1 3 A R DG 1) SCHERHIE o ASBIFSE DL T C
TR TE R R G F AL G R E TR 4, SR H AR
1 KR S HE AT AR RS TR GRS A, USSR
I EH AR PG RS R, I8 R R R0 A4 2E 4k
IS I T da % e W S X R E N N B -
TR B KA SR PR AR

1 #MR57FE
1.1 SEIE# AL

AW i AR L T &) 1 3l o L R R
HIHEARRAR , bl Bl AR 4R Tk B A 51 3% e o
S IX o FR TS B R R T B AR AR iR
JER 11°C~13°C, Jtf A &% I (Photosynthetically
active radiation, PAR)>N 40~50 pmol photons/(m*-s),
JCREIAA 121 2 12D, HEKE KRR KAE NG,
JFAINEFER (PO -P: 0.4 mg/L; NO;-N: 4 mg/L),
FHEN A 2L B B RIS IR (T s A ) ),
352 AR (Labsystems Multiskan MS 23 &), 5%2%),
AC8 YL (Thermo Labsystems 2y f, 452%), HL#VHE
35 TR (R — T IR R A A R A D o

1.2 SRIGAHE

DLTF 45 A 3L H 4745 ok () v B8 10 R0/ R 5k
(PO; -P: 0.4 mg/L; NO;-N: 4 mg/L), &ML
VA I O T
1.2.1  REGER FARALE R 4% e et 4 K ik F e
m ik 2~4 cm MR ALIER A, BT GXZ
BRI R BEIRAR , HEAT AR AR A 8 ) e S
TEWEE A 9°C &M, 430lHE PAR 4 20, 40, 60,
80 1 100 pmol photons/(m?*-s)&5F F L5 5% 10 d.
SCISTFURTT, PRI EARSERE | IS R A L Y
4HT, A AL T 8 0 (1.04+0.05) g, i EE 225
PEAR B3 (P>0.05). AFE 2 d Bk 1k, 10 dJEFRE
BE T, J1 A A X A 4 8% (Relative growth rate, RGR),

RGR=[In(W,/Wy)/1]x100%

Kb, Wo ARG BRI (g), W, SR gs )
B (), ¢ AT RREL AN A](d) o
1.2.2  AAdgAregmle FRE A R AR 25
Jei o S Z0 R AN [R) A BEZH B AL Y 4 PV RO
B AGR VKA, FRE T AR bR I o A<
FUME AP TS MR RaMIEI S MR WM
#H )i (Soluble protein) . %A AL {1k il (Superoxide
dismutase, SOD). i ALY (Peroxidase, POD). it
H AL S i (Catalase, CAT). PN —.Ji¥ (Malondialdehyde,
MDA)FI#8 5 B B F (Superoxide anion, SA),

S CHRIE AT AR a (T RRAMESE, 2011)F12]
# | Z % i (Chouhan et al, 201 1) 52, HALFEFR Y
W 7 ¥4 >R F Tl B A 58 W BT 43 BT 25 (Enzyme-linked
immunosorbent assay, ELISA), IG5 43 B A6 4
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GEYN B S X B AR 2l A K A AR B R 117

F G A it R AR R A BRA W, T A e B
BV BT A FEPRAYIE . SOD, POD Fl CAT
() FC % 1 3002 (U/mg prot) DL BRI 1 5067 (U) B 22 7 1
HZFR (&5 2E, 2000).

1.3 HiEabiE

K H1 SPSS 19.0 Hdi g i+ 8 F b AT SN &7 2293
#T(One-way ANOVA) , Duncan £ .5 & Pearson A
KM, P<0.05 NZESEFE, P<0.01 JZEFHE
%, JH Excel 824 ETE .

2 4R

2.1 REMETRACEH LD EAMHE £ KE R

T 22 W A5 B, SERR X AU A1 0 AR X
A K R (RGR)A W 5 (P<0.05). Kl 1 IR, 76
9°CHi},40.60 F1 80 pmol photons/(m*-s) )8 21 f) RGR
PIg K, = H ML #F 2% P>0.05. 20
100 umol photons/(m?-s)J5# 4H [ RGR %/, BT
55 60 11 80 pumol photons/(m?-s) Y658 ZH A [t 14 5 i 2
P22 55(P<0.05),

6~
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i ab
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j [
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JLHEERE
Light intensity/(umol photons-m2-s7")
1 REDESE T AR 10 d J5 R ACIREE 4 R
FER AR R RN 9°C)
Fig.1 The relative growth rates (RGR) of young
L. hyperborea seedlings cultivated for 10 d
under different light intensities (T=9C)
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Different letters indicate significant difference, P<0.05, the
same as below

22 AREXETRILBEHEHERRRE a 12
MENRDE

IT 225 W 6 SR, 6o A b VAT 4 i ) 4
KafIZiHE MRS EWA BEF(P<0.05), K24

7N, AR AGTEET B A 2R a R B DGR 1Y = T
BHTFEAR . 201140 pmol photons/(m?*-s)4b BRZH 4 )
MopFRa i E PR, A O 2 R (P>0.05) 5k
=60 pmol photons/(m*-s)[4bHZH 5558 20 pmol
photons/(m’-s)2H 422 5 . % (P<0.05) . Y5 =40 pmol
photons/(m*-s) i 4b BRZH 22 18] G B # 22 5+(P>0.05).
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Fig.2 Chlorophyll-a and carotenoid content of young
L. hyperborea seedlings under different light intensities
HEBR P B B o Dy A ) K B9 O [l — 28
PATZE LR, WA AR T B3R 7E P<0.05
KFAABENZESR, TH
The same subscript number at the letters represent the
same group. The measured value in the same group are

compared. The different letters in the same group represent
significant differences, P<0.05, the same as below

24578, TE20~80 pumol photons/(m?-s) Y5 7 [
W, B AL AT RS S D RS A IR I THE
BT, 2658 Tt = #1100 pmol photons/ (m*-s)Hf
LRSS N R A A TR, 20, 40F1100 pmol
photons/(m*-s)JEsR AL 2K B N E SR, =&
JC . # 2 5(P>0.05), 40~100 umol photons/(m*-s)t:
5 2H 2 [H) TGt 7 2% 57 (P>0.05),

23 AREEETHRILEFHENATAEESSE

B3N, FEARMGGHRIEE N, K& ST
1o, WA &Iy 1 A R VA E B 1  a  SE T  JE RREAIR
A3, 40, 60180 umol photons/(m?-s) ik 2H 1Y ]
BHREASTRYES, &AM LR EERP>
0.05), 20, 40. 8071100 umol photons/(m?*-s)):55 £H f¥)
ALV MR a2 R M E R TG B 25 5 (P>0.05) .
Pearsontfl PEHT R B, WA MHEHE H S 5RGRE
M 2 IE A G OC R (B R B =0.712, P<0.01),
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Fig.3 Soluble protein content of young L. hyperborea
seedlings under different light intensities
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(m?-s) R MDA & ffie K, 8011100 umol photons/
(m*s)EHR IR Z , 40160 pmol photons/(m?-s)Y58 4H
MDA 7 H #4484 . 20 pmol photons/(m?-s)YG58 4H i
MDA % f2 5 HAh 58 41 /9 A e 25 53 5 5 (P<0.05) .
Pearsonff 0K B, MDA & & 5RGRAE i 3
K R (MR R B =-0.58, P<0.05).
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Superoxide anion content of young L. hyperborea
seedlings under different light intensities
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Fig.6 SOD. POD and CAT specific activity of young
L. hyperborea seedlings under different light intensities
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T SA SR BEAME KR XL RES N
r=—0.466, r=—0.546), Hr, CAT Itif )15 SA &t
PR A D 38 31 B 2 /K P (P<0.05)
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Yk == VY R R W BEAR v R, TR AT 4 A R FR

AI3E 36 m, MM 7E K P PR3 H AU 1~2.5 m (Kain,

1971). FHULATHD, 6 BRI 52 ma e AU R A AR /NN
P H A EENERZ — WL, SR
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IRV 5 H A K AR YA OC . 1 P 48 (Reactive oxygen
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JLZH 2 P TS5 . MDA J2 36 1 48 5 s BB g i T
() e R A =, HL A 2 mT LA S WA ) 30 2 306 B 40
PR E (ML B85, 2001), AWFRER, SA Y
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SA Fit5 MDA Fa#®UIMIC, BRI Akl g
2 BB AL TR 2 P AR A R R R AR SR 2 —
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R AR 0 4 1k R e AR Tl A B 28 Ak 3R 52 n] X 1 4R
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WA RGUFEgER C, 4iER E. K0S P RS
AP EAL (B 2RSS, 2013), FEHAAR 6 PR A AL T
AW R R BRI Sh S R, PR R G iR
TP ) SCHE . — BB SZ BT aE , X Fp -1 n) BE
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RN EZFN 2 —, ] XHE Y Ot E A F
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B, GRS D RS EA G, XRS5 4
XoF e G R A G HRARIE , RIS DR H Ak
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BN RN AL 2 X A R R E
SEH . SOD 24 WA MR G BR SA A HIFE(05)Y
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Effects of Light Intensities on the Growth and Biochemical
Characteristics of Laminaria hyperborea Young Seedling

LIANG Zhourui'?, LIU Fuli"*”, DU Xinxin®’, YUAN Yanmin®, LIANG Qidi',

WANG Wenjun'?, SUN Xiutao'?, WANG Feijiu'*

(1. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture and Rural Affairs, Yellow Sea
Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, 2. Laboratory for Marine Fisheries
Science and Food Production Processes, Pilot National Laboratory for Marine Science and Technology (Qingdao),
Qingdao 266071; 3. College of Marine Science and Engineering, Qingdao Agricultural University, Qingdao 266109,
4. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306)

Abstract Laminaria hyperborea is an important commercial seaweed, which has great potential for
seaweed bed construction and artificial cultivation in China. To verify the suitable light for the growth of
L. hyperborea young seedlings and clarify the biochemical response mechanism under light stress, the relative
growth rate and biochemical responses under different light intensities were studied. Under these experimental
conditions, the main conclusions are as follows: Light was beneficial for the growth of L. hyperborea young
seedlings in the range of 40~80 pumol photons/(m*:s). The relative growth rate showed significant negative
interrelation with the content of malondialdehyde (MDA), which indicates that membrane lipid peroxidation
may be one of the reasons contributing to the low relative growth rate of L. hyperborea young seedlings. An
extremely significant positive correlation was found between the content of superoxide anion (SA) and the
content of MDA of L. hyperborea young seedlings. The specific activity of superoxide dismutase (SOD) and
catalase (CAT) were negatively correlated with the content of SA and MDA, respectively. And the negative
relationship between the specific activity of CAT and the content of SA was significant. Moreover, an
extremely significant and positive correlation was found between specific activity of peroxidase (POD) and
SOD. It can be inferred from the above correlation analysis results that SOD, CAT and POD play important
roles in removing reactive oxygen species (ROS) and there is a significant synergy between SOD and POD in
L. hyperborea young seedlings. The light stress environment was not conducive to the accumulation of soluble
protein resulting in the accumulation of MDA in L. hyperborea young seedlings, which indicates that the total
metabolic level was reduced and the ROS level was increased in this environment. The content of carotenoid
and the specific activity of SOD and POD in L. hyperborea young seedlings will increase so that the ROS level
can be reduced under high light stress, thus relieving light oxidative damage. The content of chlorophyll-a of
L. hyperborea young seedlings will increase so that it can capture the limited light energy more effectively
under low light stress. However, the antioxidant enzyme activity was significantly decreased as a result that led
to a serious imbalance of ROS metabolism under low light stress, which resulted in more severe membrane
lipid peroxidation damage. These results can provide the theoretical basis for the artificial breeding and
cultivation of L. hyperborea in the future.

Key words Laminaria hyperborea; Light intensity; Growth; Biochemical composition; Antioxidant
system
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ZRBEFITGY, 7E 10°C . 100 pmol/(m?-s)Zs N /K B4 H
W3 do IEN A, BEREAE KR R AR AE by S
L2 o

1.2 SEIHigit

G R S5 A s = MR SR, 10°CRY, A
KAFA R, (ZIRE N SRR ekl %
et UL, SERBSEE AR E A 10°C . BUaER B
& 250 g BMAKIGFRT, WEIEIS 50, 100, 200,
300 pmol/(m’s), 3 VAT, JGHENI N 24 L, RAE
TREESR, BN L d K 1R, EEE B 15d, 45
W, BRF 80CHET, BEEASRTRIRAT .

RS WEIRE RN STC.10TC, 157C. 20T,
25°C, FEFEM M 150 pmol/(m?-s), HAYHE % 414 [
YA

SRR AR AR AR B 3 g R4
B 1L AETER, A 800 ml i 3g¥E /K , 786
KRR AR, WE 3 AT, 4 A IR R 2
TSR, 3 d oK 1 POFRE ISR, FRER, FHUE
I G e N ITTE 275/ &

1.3

1.1

M E 77 %
1.3.1 4Rk A Kik & (Relative growth rate, RGR, %)
agm 2 Ho A KR R A
RGR = [(W,/W,)""=1] x 100

Ko, W, RS ek 2 R AR G (g), W
NI TR I A A b i (), ¢ R BEFRIFE] (d)o
132 &o Mg HEGSFenE K53 R
JH 560°CHBelens s AR R R REEHUE ; M FFK
BURSET R 1 g, K= 0.0001 g, BEA 250 ml T4
(5 ZU T, A 1000 kjeltabs Cu/45 —Fi(4.5 g
K,S04, 0.5 g CuSO,45H,0), MIA 10 ml {kFilR, &
FUR T B /NS SR 10 min, F7RE AR SRR T
el b, 420°CIHAL 2 h, FERE S RS B i Sk e
HALSERL, B2, B E BAS D ASGI E o
1.3.3 keeisFeymzE  n[EMEE A (Soluble)
K Pt 8 AR 1R D a5 B (A045-2) % By i e i

T, WERAREARI R 0.5 g, WMAGRAIE,
TIMA T R BUR, 6000 r/min B0 30 min, H
VW, EA R S ml, SR ARG E I KA 595 nm
SINIOL S =1

AP 2 (Soluble  sugar) % H w5t & At 4 ]
TR MBS I 50 £ (SO T) B e (o skl o o B v T
0.1 g BEA 10 ml B4, A 1 ml ZE18K, 35
EROEDE, WK 10 min, B H)5, 4000 t/min B
L 10 min, BB, €& E 10 ml, FERNE
PN 620 nm A FYIEGAE

A4 (62 2 B Wellburn(1994) iy 77 ¥ #2 B, B
0.1 g BWARWTEE, 4CHI 8 ml 80%N FilEEEIZ I 24 h
J& , 4000 r/min B5.0> 10 min, ¥ EWEW, EAZE 10 ml,
FHBEBRUAE 665, 652, 510, 480 nm AbIE , M4t a
(Chl-a) R % | & (Carotenoid,Car) 1A :
w(Chl-a)=(16.29%0Dggs nm—8.54xODjs5 nm)* V/W/1000

w(Car)=7.6%(0D 450 nm—1.49%xODs 0 nm)* V/W/1000

K, vV OMRBENE AT (ml), W R A
H(g), HH mg/g.
1.3.4 HAmR>AETHNE  BEKSIHENERE
(201 1) 57 MEBRFREL 1.0 g 35 T8 T 50 ml/Needrr,
JIA 2.0 mol/L HC1 30 ml 337% , ¥k H FHZM 24845 HoK vk,
ZIBK 4K, DK 1R, HELFE NI, KKk
JE IR FEH 0.1 mol/L BETRESIAME 30 ml =2y 2 h, H
FZRIBKYE 5 U KVE T MK IR A1 21, 1 0.1 mol/L
() NaOH ¥ A2 , $8 /870 Wik, 442 B8 T kA =L Hp
LA B8 P Y

Ao V88 T2 5 1 (%) =(Cx 17%0.2160)x 100/m

K, C i NaOH /R BE (mol/L), V A &
THAERY NaOH 1A TR % (ml), 0.2160 >4 1.0 m1 0.1 mol/L
NaOH FrifERH, 24T 0.2160 g MR, m i
BERE AL B L (2) o

TR R S MR IEA B A Q014 B B E . e
FREL 1.0 g HBETHy, 76 60°CHIZME TR, Al 20 ml H
PG, IR AR 2 WK, BRK 1 h BURHREI , 4000 t/min,
B0 10 min J5HEIEW, AR ST,
ANECKER RIS, #ES 2, R LER, T
J2 W B KV PR 2 A Vs S 1A T AR B, B R K
WA OO 1k HITA LERICATIRAER
T2 T R E W KR 450 nm I RE A,
IR AR AR RN &,

FHTE R (mg/g) = (ODyss pm*nx Vx1000)/( 45 22 xMx100)

Kb, n HRBAEL 470 NTE 1 em R K
e LA 1 g/L A i i R ag e Wk (e, B 1600, M
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R E R (g), VO R RO A T (ml)

o 22 T 2 IR 2 /N2 25 (2000) Y 5 0 4 o il e
T¥rid 40 B, MEFAREC0.1~0.15 g T 25 ml ik
Brh, A 15%M 2B 3 ml 29 24 ~ 48 h, R
PP, AR ST %N 700 MHz, fisk 4 5 it [i]
10 s, 6000 r/min 250> 10 min, B FiHWK, EA5%E
3ml, IRAIEHCS0 pl KFEEF 1.5 ml Ep &, K
i BE 2 700 pl, IRG %), LA 100 pl Folin-Denis i
FIRZ), 3 min J5AIA 200 pl (R RIBRBRENIA W, oo
R21, 3 h 5 FEHRUE 710 nm Kb E WG K
1%(WI V)B4 = By b fE VR R R 200 A5 BUPRMEWR , 40
FER AR 1%08) 28 = b e E T 15 ml iR
4 IR R T S e OB (a2 AR T AR 4 .
B it Y0 5 ) RO 1B AR AR o A i e 28 SR AT 7 3]
oy 22 W 1) 5 i
1.4 HEFESH

% Microsoft Excel 2013 2 {4 8 5 i , SPSS
13.0 KA1 7 5L 75 22 4391 (One way, ANOVA),
P<0.05 225+ W3, KOs L EEAR E2E (Meant
SD)# R, K Origin 8.5 ZK{FHil A .

2 #RESH

2.1 BEXMEREERREFRSHIZMN

211 BEMAEAKG YR T O A 3 A E
AHEEEAFZN . WE 1 RIEH, 5T~15ChHEs
KT, 20CHE, RGR ML 5C~15Cdlm, kK
M, 25°CHF 0~3 d A KM, 3~9dHf, RGR B
WD, JE I BT R AR R S
N3 A A A R A B Y A K I Y 5 e
(P<0.05), FHILA ), HiBEAE 20°C e A A KR T,
2.1.2 BEMNRAE—RTHIRSGHR WK 2 7]
PIEH, 5°C . 10°CHRAErtrs , WAL R0 B 34
TREE TR A gk, Ui 10°C . 15°CXF KA A B i
I (P<0.05), SCRHHEAGEEKZ, N 21.76%,

255 W 2 (P<0.05), BEAEREEIG I, HEASERER
b fad, EERRE 17%5 4 . BIENITE 10°C .

25CErm/b, HALREH & RTE 0.3%~0.4%4 4,
25 W3 (P<0.05),

213 BEMASEZNH W ME 3 LLE
25 CHI M4 R o Fithm, M 0.248 mg/g, 25 RE.
KiHE NRFIME 25CEH =R, 4 0.048 mg/g, 2R
2 AT AR A2 IR R 3 (P<0.05), 20°C iR/,
25°C R 3.283 mg/g.20°C A IE MM & i

k5] 14.986 mg/g, HABLFHHEAE 7~ 9 mg/g Z 0], %
S i 2 (P<0.05).,

8-

SRR R
Relative growth rates of S.horneri/%
S
T

SEIS K% Experimental period/d

P19 L A AR A R )
Fig.1 Effects of different temperature on
relative growth rate of S. horneri

) L ARAT AN ) /NG 7R SRR 4 R 35 22
(P<0.05), trAa MR/ P B3 Fn 4 W)
JC i F 2 5:(P>0.05), T [
The means with different letters being significantly
different at the 0.05 probability level, and the means with

the same letters within the same column are not significantly
different. The same as below

B3 K4y Ash
#ZEH Crude protein
| p b EE RN Crude lipid 1705
b
0F
° I 1% aa b
S —| 40.4
S 251 &= X
2E | < b E
g_; 20 H b : -032”;‘5
— a 151
Fﬂg I —] 77“;-;— =
g B I5F =
=3 £ a H028@g
&5 ol E | E
S 10F 5
K'g — a &}
SR H0.1
25t 5
0 —
510152025 510152025 510152025

SCIVRE Experimental temperature/'C

K2 RFEEEEXS Ky . ML . LR & B RS
Fig.2 Effects of different temperature on ash,
crude lipid and crude protein content of S. horneri

214 BEXNBER.BEEZZFBESDLSEZOY
) IKE 4] LIEH, 10CH, KRS RRZE,
M 31.269%, 5C. 15C., 25CH}, &EFARMI,
5 10°CHIH 22 5 1835 (P<0.05), 10CHf, SR E K
N 0.558 mg/g, &R T 10°CRF s, Hofth 4 2H bt iR
JIE 5L I BN H(P<0.05) . Ty & e 5SCHY
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2 )R %539 %

B, N 4289 mg/g, &R )22 5 3 (P<0.05),
10CHIRAR, 2 2.416 mg/g, Bl L (1 1 T & 32
Wm, & 25CH, MEEZWmEEA 4170 mg/g, 5§
SCH &4z

4 M-4% % a Chlorphyll a

253 M & Carotenoid

WM 1 Soluble protein
= Al MbE Soluble sugar

S
w
[
T

0.30 + 18

0.25 +

1
(o))

0.20 -

-
QEZE R

Soluble sugar content/(mg-g™)

o

—

%)
T

0.10

0.05 [

(=]

SEI %8 Experimental irradiance/umol-(m2s™)

M4t FKa, KHE NRAMTBEHEASE
Chlorphyll a ,carotenoid and soluble protein content/(mg-g™")

ANFEEEXT S o, A ME

RIS RS . TSR A A RS

Fig.3 Effects of different temperature on Chl-a, carotenoid,
soluble sugar and soluble protein content of S. horneri

& 3

E B3R Alginate

¥ H K Fucoxanthin

'T; 35 2 MWL Phlorotannin So7

: c

o T d
§§30_ Eaia 106 ~
g 3 a - 'cp
2 e I — Cc i 80
5 g0 E c 0.5 mmé

— =

‘35 201 £ b 10441 8
53 = ®s
<§15F = a —0.3@5
GE ol B & g
pri=BUI = 1027 8

& = 2
28 5| & c.bbe lo1 &

X =

% 0 1

" 510152025 510152025 510152025

SCZISYRE Experimental temperature/°C
K4 AREREEXE K . SR,

HEET R SRR
Fig.4 Effects of different temperature on alginate,
phlorotannin and fucoxanthin content of S. horneri

2.2 ERXEEERREFHSHIZM

22.1 ERBaHRAEAEKGHH ANFEEHRTT 4 3
RGR WLE 5. M 5 aT LA, IR A8 fboxt e i A
KSR R AR —EL, 1 ~ 5 W11H], D658 300 pmol/(m*-s)
Hi#E RGR fefh, 255103 (P<0.05), i HAEHEZH [

ZFANRIE(P>0.05), 13~ 1y, FIBEMAAK G2, RGR
SRR . ML AT BEnT DALA Y, A S AR RO
SRAETE , R OGAERTIRT AR B A A B AR R, B
WAEAFRDEIT, TR #E2Z%P>0.05), ZiF, @t
HEARAG O IR RGR 8K i B ok

50 pmol/(m?.s)
100 pmol/(m?.s)
E= 200 pmol/(m?%s)
(11171 300 pmol/(m?.s)

LA KR

Relative growth rate of S.horneri/%
S

SE6 K ¥Y Experimental period/d
BS  ANTRIDE B 5 L AR K 1 52

Fig.5 Effects of different irradiance on relative
growth rate of S. horneri

222 RBARE—KERFRS G YR NGB
HEXT 4 g L2 o3 s i DL 6. MAIET 6 I
50 pmol/(m® s)ZHFEMAIK A S ik fe i, 4 30.767%, H2E
SRFE, STYFERZ, 200, 300 pumol/(m*-s)J:HE T
B A3 43 B M 25.956% . 26.481%., 50 pmol/(m?-s)ZH L
EHERRE, N 14.427%, 300 pmol/(m? s)HHE H &
4 10.527%, 200 pmol/(m?-s)ZH KL W7 & & A%, i
EALF HAAL(P<0.05), T HAL R M2 F AR
F(P>0.05),

40 E2 K4 Ash 105
35 722 #15E H Crude protein
- r ez LR Crude lipid
Sl < 04
= 30L e
= £
S asl B a a 5
{1 g ——— H0.3 1 &
gl 2 = @ 8
HE{ S 20+ [—— g =]
- |— R v
= = ——— R o a8
£ o R e, d [ =
E215L 1+ 5102 E ©
g I —— c s b=t
=== b, 2
— | 930082
%g 10 ——— ks ©
e s
< e ks 1 0.1
w — — RRSSESSE ’1‘::::::::
< 5} = s s
——— e s e
e e s e
—— RS IRSERERKS
0 o —— pessskadsed | ()
50100200300 50100200300 50100200300

26 HR Experimental irradiance/pmol-(m2-s71)

Ko AREDCHEREEX Ky . EEB B8R 2m
Fig.6  Effects of different irradiance on ash
crude lipid and crude protein content of S. horneri
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223 ABARESEX. TEBRBRTEEEGY
B R EOL G AR S RN ULE 7. E 7
Al LIE Y, Chl-a &5 REE IR A IE Inm>(P<0.05),
50 umol/(m’-s)i Chl-a i, 4 0.293 mg/g, &
/5] 0.105 mg/g, i E NE S Chl-a & AL
HH—%, 50 pmol/(m*-s)I & Hi £ ., JEMEXF ] %
PEEE R AV PR 2 A R

) -4 a Chlorphyll a
B K3 P& Carotenoid

50100200300 50100200300 50100200300 50100200300
S5 5% B8 Experimental irradiance/pmol-(m2-s™)

o

on

£
I 2 ‘
$1g 035+ EE WY A Soluble protein
a8 E= A8 Soluble sugar ~
M= 030 18  Tu
4 a°
Ry L &
= §~ 0.25 1e ﬂllﬂﬂé
&3 u 2
W‘(’é 0.20 - g S
A el o
® g 015} 1agh
=32 T o
K g 010F 1 3
s 9 o)
% 8 005f 2
B
-!.—E 0

[

z

[#

7 AREDGHGREXS M 2R o KIS PR
VAR . RYEYEE F A R AR R
Fig.7 Effects of different irradiance on Chl-a, carotenuid,
soluble sugar and soluble protein content of S. horneri

224 RBBER. BRI FABEEHESZHHA

WSS HAE 100 pmol/(m?-s) IR, K
32.785%, 50 pumol/(m”-s) 8 i e 5t eI, S 26.726%.
AR T RO BRBG N ;98 b (P<0.05), LR
50 pmol/(m*-s)At, 5 ¥E ¥ K & B R, o 0.669 mg/g,
300 umol/(m®-s) & ik, 3 22 ) 1 Hb bt e B34 i
M AN(P<0.05), YEHE K 300 pmol/(m?-s)i, #5 4: Z2
S, oM 12.073 mg/g, 65 TOEIR N 50 pmol/(m*-s)
1 3.390 mg/g (& 8).

3 iFig
3.1 BEMNEIEEE KNI

T 9 A K IR O BR AR Ak 85U (Jones et al,
1984; Glenn et al, 1990), AHFFTLER LI, #omEIR
[200~300 pmol/(m?-s)] K i BE (£ 4 20°C )45 F) T4 i
AR, N IR AT 2% G Y 4 g D DA T
o I IE R QS C) AR Bl bRt AR R

RN 5 B e A A B RS I 3G, 7E — 7 T
THGIOEIR, TR R A A R AR PN R A
(2016)7E g FEF &y FEA T4 B N TAREE W SE s, /Kl
W 1720°C | R, A Kb, AT
R—H ZRPAFQONWITERM], WEHIRE T,
R GRS, BTG E R i A U e A A B
Az X JL DR AT BE S H T A o EE U IR D R e A LR
AR RDEIRTE K
B %M Alginate

B 3 & Fucoxanthin

351 V22 ## 2 B Phlorotannin - 0.8

o
o

i b i
i 07
dos6

Alginate content/%
rotannin content/(mg-g™)
N
W
T
8

®
L
(=
N
ARERSE

Fucoxanthin content/(mg-g™)

15

=N
=4
hlo

P

10

S

WL

T T e
i

IS

50 100200300 50 100200300 50 100200300
SR Experimental irradiance/pmol-(m2-s71)

Pl 8 NI RS B2 X M B . 4B B2 |
HWHR TR
Fig.8 Effects of different irradiance on alginate,
phlorotannin and fucoxanthin
content of S. horneri

3.2 AEASBEREEMEENTW

A EEARE R SEMIIBEEEN, 35K
ZRONFCE N, T PEREAT dE R SRR B iE
YRR, R KO I — A E s, —H
S SRR I A A T 3 (Xu et al, 2006), WFFE45 5 W
IR, TENEECAIREE KOGRRTR , Al RS KT i R
T

FEMEMENFOCE AW, 1EO6EENEI
ARG 35 B /E H (Bertrand, 2010), 10°CHY, 4
BN A v 2R B R, R RS R T4
WA E R,

] T A S TSN R A A K R TR ) IR SRR R
R, AAEETE 10°C | 100 pmol/(m?-s) B8 &4 T,
PRI Z WA BEIE , A2 R RGBS ) 2 . FEXT B
B B R R B i B Y AR AR R B, A U R
AR 6 H, MBS R E (EA5, 2018),
FEZE N SRR 2 B, RYAR— S SO AR B T Ky 3%
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e %539 %

g3

B i, R AR R P B A K R e e s ) o
B Hy I A A T R e
AR R S A e R B AR OG

ey 8 22 Ty 2 % BT A8 i ELAUAE T4 38 v ) — T
KIRT=W), PUAACTEERL S8, S 4 B 7E 8 B AN E IR 5T
Ao B — Rl Ak 2= A ) o (B0 K PE 5%, 2002; Barwell et al,
1989), AfFzEH, FEREH 200 | 300 pmol/(m*s), IR
IR T, M2 & mE8A LT, HE 5 nT g
S TR AT B, BB TR B AR R R AR T
A B —Fh B AL

4 458

JGREREE | A RO B SEER DA AR A B B
AR5, YR SR D' A5 A FH G 2 0y R i A7 P 1) T
PE, SXAJE AR, BRI A L A 2 AR
FERY IR R (L B2, 1963; TREI75F, 2008). AHFFT4s i
MR, NI TEAE 20°C A4 . 200~300 pmol/(m?-s)
WEAMT, ARKEBRENR, MH#EE 10T,
100 pmol/(m?-s) A ME T, BEAR (R K fieth e g o
U, 520 B R EE ' R AR A AR AL . DR SR 4G AR
Xof i 77 A S LR ) AR A B S AN E .
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Effects of Culture Conditions on Nutrient
Composition of Sargassum horneri

LUAN Qing', LU Fang’, WU Haiyi’, DING Gang’, ZHAN Dongmei”"

(1.College of Life Sciences, Yantai University, Yantai 264005;
2. Marine Biology Institute of Shandong Province, Qingdao 266104)

Abstract We studied the effects of temperature and light intensity on growth, photosynthetic pigment
content, and nutrient components in Sargassum horneri. These factors had significant effects (P<0.05) on
all three aspects. S. horneri survived at 5°C~20°C and 50~300 pmol/(m*'s) The optimal conditions, at
which specific growth rate was the highest, were 20°C and 200~300 umol/(mz-s). At temperatures above
25°C, the blades stopped growing, became pale, and rotted. S.horneri accumulated the most
photosynthetic pigment at 25°C and 50 pmol/(mz-s). The effects of light intensity were not significant.
Soluble sugar content and soluble protein content were the highest at 10°C~20°C, and ash and crude
protein content were the highest at 5°C~10°C and 50 pmol/(m2~s). Ether extract yield was low at 10°C
and 25°C, peaked between these values, and did not vary significantly with light intensity. Alginate
content was the highest at 10°C and 100 pmol/(mz-s), and fucoxanthin content was the highest at 10°C
and 50 pmol/(m*'s). Phlorotannin content increased with increasing light intensity from 200 to 300
umol/(m-s), where it reached a maximum; it reached local maxima at 5°C and 25°C, and was lower
between these values. S. horneri grew faster atc. 20°C and 200~300 pmol/(m?-s), whereas color and vigor
were better at 10°C and 100 umol/(mz-s). Its long body length and fast growth make it ideal for
large-scale culturing. The nutrient components varied with culture conditions. S. horneri is a health food
of moderate protein and low fat content, with high levels of functional components such as alginate,
fucoxanthin, and polyphenols. It can therefore be used to provide raw material for food additives and to
obtain its active components. These findings provide reference values for culturing S. horneri and
extracting its components.

Key words Sargassum horneri; Temperature; Light intensity; Growth; Nutrient composition
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J"REEIE Hsp70 EEF cDNA BEESRIEDT

o BREMT HEZE ER

Gk R JARABEFAEYEARRELLEE ik 515063)

mE HIRE ™ R L ¥ (Pyropia guangdongensis) "R AK Hsp70 F F 72 i & 2] T AL T iR A8 % 2
FAHLHE, A REENRIEAEFRERASS, KHAEFAFH RACE HARET) A L¥ Hsp70
El (PgHsp70)2K F 7|, HAE e Fal EX A Lok € & PCR A, SR R E LR E Al EL
Bl E(22°C . 27°CHn 31°C)A&HTAFE 0, 1/6. 1/2, 1. 6, 12, 24 F1 36 h J& PgHsp70 L FH th £ =
kik, R R, PgHsp70 3 H T 7K 2004 bp, 4 —A 1866 bp Wy FF ik A 4E, 4 621
BB, T4 FEN 67.7kDa, it w i % 487, ZE XA KT EELH KW, 18/E T PgHsp70
HAXXKTHEEY W, PeHsp70 AR AT R B ENRE KT LS LA, HEAL LA

ETHW#HES, BT IhkAEFEREAT, 4, £#31C 1hEkFXERE, I REEEAE
G 11 15, U PeHsp70 X E AN &5 E M8 b L ELEEZNIEA,

ES ik

hESERE S9173  XEERIEEE A

A=A B SZ 2050 A T T, R 2
FIRZBING], IR TR TE I T ek i ok,
77 A R BRI 5 2 ECRE L (Hsp) (E 52 M 4%,
2010), Hsp TERUE(Drosophila)™ & X & B (Ritossa,
1962), Tisserers %5 (1974) NS ML 44 4325 th 6 Fiogh
M E, e ARMER . 24, KEFRIEY,
FEPE A o T BRI ThRE. T Hsp70 /2
Hsp FWG ik Ak I e PR ~F FIE 5% d5c 2 19— SR
1, 23681500 AT F Hsp70 28 11430 45 #7821
Hsc70 i GBI G 2 1 Hsp70 B KS; HeE A il
A Hsp70 25 40 A O TARMa o . B | 2ok 4
FBARE) 4 AW FK % (Guy et al, 1998), Hsp70 A
Dife oy iz, BT 2R EY S Yiag, Filin, Hsp70
R EE A H Z —(Bukau et al, 2013; Mayer,
2013), SR kA, LA I 4 40 A A AR 1 1)

JRYEE; BIEME; Hsp70; cDNA A&y 34 K(RACE); qRT-PCR
NERS  2095-9869(2019)04-0131-09

fE(Zhang er al, 2002), ZS5AMIPRA . B2 i 4 AL
ZVE(Mayer et al, 2005), HT4IMEIHT(Snoeckx et al, 2001)
%, HAT, XESERWEE Hsp70 JEH NFFE TAE £ 2
S PTER T FIZS 35 L3 (Pyropia haitanensis) (IR IH
4 2014)F1 K BT 2532 (Pyropia  yezoensis)(Ji] In] 4145,
201 AR AL GBI I K 53K (Pyropia dentata) . 4%
48 ¥ (Pyropia crispata) (FBELWF, 2017) #1531 4 3¢
(Pyropia seriata) (San et al, 2015), NIRAMIT LK
Hsp70 FERIIREEEE T I, MXT) A &3 (Pyropia
guangdongensis)Hsp70 FEPH BIAFFE i A UL AH S HIE o
JTHRE IR L E ] (Phodophyta) . £1 ¥ 4
(Rhodophyceae) . ZL 5% 4 (Bangiophycidae) . L3
H (Bangiales) . L. B3¢ (Bangiaceae) . 43¢ )& (Pyropia),
FENA T RENRBXOPERESE, 2009; Tseng
et al, 1978), £ HIRFREEH, 5o 5834 K iy PR A

* FAR AR 7k B R R &R £ I (CARS-50) % ] [This work was supported by China Agriculture Research System

(CARS-50)]. 22, E-mail: 1207615382@qq.com
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2 R 40 &

RIRZ, wmiE . A 1 ROK S @RS,
2017)o Forr, e BE R 5 i 55 50 A KA e EE B BB
P, B 530 A0 A RO ES DA B o (2 e 45
2013) 0 JUAR R — 1 S N M (CE AR,
1978, 1982), T KitiE#FRW, Hsp70 &KL
FE N A RS R R EENER, fln, g5
16 29°CHRRMA 30 J5, 5 4% Hsp70 FEN ()36 357K
B T TEWME THEMAIET, 15538 Hsp70
FER F R K 25 BT, B0 3E N i Y An A
i3 B VE FH(Ji et al, 2015), Hsp70 & F K S R4
SR TR IE N MR B AN G, B, BESE)T AR R
Hsp70(PgHsp70) & ] HAG B 2 8 L . A5 @
PgHsp70 JEH 2K e bE, FAesbItnt b, BF5E ot
HAER RN BE it s AR v i 25 S 3k, DI Hsp70
FE R 26 3R K- 400 A 8 7R T 2 58 S0 v TR T %) ) i
R, NI RSN B A P R B R AR

NN

1 MH5TE
L1 SRR RTIE S S RE 4 E

IR T 2016 4F 11 HREF) KAWL
TR VR IR TS Vi [X(23°2852"N, 117°06'35"E)AY A T 4k
FiMgs, Pdtis mscen e, PRk . KE—S(dHh

10~15 cm) W EaRE T K EIR/KIE U EE, FEREE 20°C
FE IR F 245 90 pmol photons/(m?*-s) i 544 F b g
JE R F AR K (R 30)8 5% 2 d.

B ARSI T, WA T, A7
Z-80°CYk4t, JHT PgHsp70 BH 4K sk, 53—
™ AR ESAT R RO G BB TR0 A T TR aE SE 5,
TFHRREIE AT LRI EE H PCR 08T, SRR
BRI AR SR AARAE R R, DL 22°Co XA,
HEKEREE N 30, JEREGREE 4 90 umol photons/(m*'s), %
B2 NERL: 27°CH 31°C, ERRCREE AT
AT R A AL B 0, 1/6, 1/2. 1, 6. 12, 24 F136 h
Je o BB, AR AGER G 2-80°C kA, B4
FREEE 3 AFAT,

1.2 KEHZE

1.2.1 3|4 B 53 [EJ5 P34 . RACE §714 . fHME
TE R e LA B ¢ 6 E T PCR 0 M BT R B9 51 4
Primer Premier 5 #3531, AU /S & 48 K IEH B
ARAFIGH, 597503 1, 200 ul UPM: Long
UPM (10 pmol/L) 8 pl, Short UPM (10 pmol/L) 40 ul,
ddH,0 152 pl,

1.2.2 T A% FE X RNA 893 IR A& cDNA % —4& 694
R T2 K TEFE Y B RNA #2534 1B RNAiso Plus

x1 KBRS RTRIFT

Tab.l Name and sequence of primers used in the experiment
5|4 Primer J¥%1 Sequence (5'~3") Hi& Purpose
PF CCCGAAGAGATTTCCGCTCAAGTA [ Y4 3
PR AACTTCAATTTGAGGAACGCCTCT Homologous amplification
5'RACEI1 CCATTCCACAATTTGTTGGTCAAAGTCATC 5'RACE
5'RACE2 CATCTAAACCGGCTATTTTACCGGCATC
5'RACE3 CAACAAGTTTTCTGAGTACTTGAGCGGA
5'RACE4 GGTTTACCTCCTTCCATAACAGCAATCACA
3'RACEI1 CTGCTACACAAGATGGTCCCAAGCACTT 3'RACE
3'RACE2 ACCCAGATGAAGTTGTTGCTATTGGAGC
3'RACE3 GGAGTAGAAACTTTAGGTGGGGTAATGACG
3'RACE4 AGATGGTATTATGCCTGCACCTAGAGGCGT
3'RACES TATTGATACTAAGAATCAAGCAGAATCTTTATGT
QF CCCGAAGAGATTTCCGCTCAAGTA LB E I PCR
QR CTAAACCGGCTATTTTACCGGCAT qRT-PCR
UBCF TCACAACGAGGATTTACCACC SEE
UBCR GAGGAGCACCTTGGAAACG Reference gene
MI13F CGCCAGGGTTTTCCCAGTCACGAC PR e I i
MI13R AGCGGATAACAATTTCACACAGGA Positive clones screening
Long UPM CTAATACGACTCACTATAGGGCAAGCAGTGGTATCAACGCAGAGT RACE
Short UPM CTAATACGACTCACTATAGGGC
NUP AAGCAGTGGTATCAACGCAGAGT
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Total RNA(TaKaRa)#E U7 Ui B 45 (Raha et al, 1990)
HEATHRAE, UM RNA ZR35 R W e I F kRS s o 3
M, FEFI A NanoDrop2000 8 i i 43 6 G B T 2
RNA W FE M AERE, A% IR A AR 1 5T 1) 75 G5 O o
PR i KU RNA %88 PrimeScript 11 1st Strand
c¢DNA Synthesis Kit(TaKaRa)#l SMARTer RACE 5'/3'
cDNA Kit Components(TaKaRa)f#/E Ui 5(Tian et al,
2013; Tang et al, 2013; Freeman, 2013)#17 R 5%, 41
%#3%] cDNA, 5'RACE ¢cDNA % 3'RACE cDNA, f#
F2-20CUKA, 2 BIHT PgHsp70 FEH ] J B
SLRE L) M 5S'RACE #il 3’'RACE 973 .

M T oot w & /W 28 RNA & B
RNAfast200- 5 RNA B il i) & (L ifE CEEA Y
HARBRA DB R A, 201 D) #E1THA4E, H)
F NanoDrop2000 i 536G B THIE RNA W
K Aseo amlAago nm TH, BT E BRI RNA MR

PrimeScript® RT Reagent Kit with gDNA Eraser
(Perfect Real Time)(TaKaRa)¥ it 45 (Zhang et al,

2013) 47 L5 5% (UL RNA 900 ng M3EE), FrigfY
cDNA H UBC 5| ¥iE A7k 5 , IR AF 2-20°C kAR 25 H -
1.2.3 PgHsp70 £ B ey Ak % MNCBIHFEE
%% BE %8 3¢ (GenBank No.: DQ497595.1), 1% % 3
(GenBank No.: DQ480726)) Hsp70 F:H HIKL IR F 31,
AT P9 HE R IR PRSP XL, #1519 PF AT PR
(F 1), L cDNA AHAIEFT PCR §785, § 34744
1% 1) B A B 56 15 Pl K AR 00, P 9 ¢ Tl s ) 3 [
e, FIH T-A FEBE S| pMD19-T #idA 1, %%
K% E. coli DH50 BAZ A0, & Amp 1 LA [
RS FRHAEAT 37°Cit G SR, PREUR YA T 1 ml LA
B & 37°C 200 r/min 523 5537 6 h, JE47 % PCR
R, BRECPH M 7Ol o K S 5 B P T T 58
b A AR KL R A B R T I0Y  D 245
5 NCBI - AR i Hsp70 FE PR HE4T Ho s A1 ) P
AT, B8N PeHsp70 R e BB .

RIE LSRN PgHsp70 L BOFH, 235
B3 S'RACE fll 3'RACE RUFF ST #5913 1), 5
AL 5'cDNA Fl 3'cDNA #i4z #£47 5S’'RACE #l 3'RACE
Pig, K RACE § 309 H i F BeUI e i L 4% . 7%
b PHME SERE TR L . SEAEIIT .

R 3 5L D 2 3R A5 1 PgHsp 70 BL K 5/ 37 K r i)
HBEFS, I DNAman V6.0 BT8R4, 348
PgHsp70 BN 2K P51,

1.2.4  PgHsp70 AW &5 £ W12 & F 5 HF FH
ORF Finder(https://www.ncbi.nlm.nih.gov/orffinder/)5>
MI3kAGIY PgHsp70 SR AT e ISEAE RN T S S SE TR

P51 FIHFEL T E(http://web.expasy.org/ compute_pi/)
PN 12 35 PR B R Y 91 ) 0 A HL L TR K
4 (http://smart.embl-heidelberg.de/) i % 5 K 2 L iR
A Daest I ; A InterProScan (http://www.ebi.
ac.uk/interpro/)fll PROSITE (https:/prosite.expasy.org/)
TE LR 3 B i F2k 1A G B 1) 22 36 1R I 9] D ~F 7 A B
FHEJF 1] 5 FIH] PrediSi (http://www.Predisi.de) T il i
MEHEEHAESI; A NCBI Mk |- BLAST
751 43 8 T EL (http://www.ncbi.nlm.nih.gov)## 2 F T
[EEAE LU X5 HT 5 2 g8 AU A i) R P 91 5 R
i DNAman 6.0 #1772 HMR 2 ¥ Xt @
MEGA 5.1 #ffF, #H NJ RGEHEALM

1.2.5 ZBW8 T PgHsp70 F B & %k 547 Lit!
Wi PgHsp70 #:H 2K 7511 qRT-PCR 1E [ 5|9
QF I QR, JfLL UBCHYEANSEEINGR 1), VIR
SRR TE AR = 30 2518 T & B cDNA 2
Bi#, 7E Roche light Cycler 480 I1 {1 # #4752 5€
7E #it PCR(qQRT-PCR).20 pl W {A & : Tip Green 10 ul,
QF 0.8 ul, QR 0.8 pl, cDNA 2 pl, ddH,0 6.4 pl,
B YR N 2738 9 o BRI TR X B, A B i
3IAEML, PIRF. 95TCTHIAEM: 30 s; 95C 5 s,
60°C 20s, 40 MEH; TEIRLEHE M 60°C L1 THER
£ 95°C; 40°C¥H) 30 s, Jrfs SEuaidli R HAHXT CT
BN 4T PgHsp70 3R mRNA Ay £ A& HHH .

1.3 #HiEA 2

N FH Excel £ SPSS 13.0 44X 52 56 4k E 47 Ak
M550, JF R 8K & 5 22 53 7 (One-way
ANOVA)Fl 5 /N it 35 22 532 (LSD) b FA [ B0 405 441 1]
F#ES, P<0.05 #anfEtER.

2 #R

2.1 PgHsp70 EEMRERF 545

DU ZRE3K cDNA AR, F5I4% PF/PR #E1T
3 PCR Y74, 1% SRR HHEE R Uk Y 1 =1, W
LR 1 AP BAAH, 20 1100 bp(F 1a), = E]
W, sEREIERE T, 53] —BE 1061 bp B FF1
P47 BLAST WXF &8, H5 P haitanensis (GenBank
No.: DQ480726) ) Hsp70 It [N ¥R 17 % [\ I8 P ik
99%, 5 P yezoensis (GenBank No.: DQ497595.1)iY
Hsp70 JEPRIRZ IR 750 [FIIRPE IR £ 90% , HE W% A
Bl PgHsp70 RIFER B BX .

TR S i RACE HORY S IE I, 43 W4k 45
£k 337 bp HY S'FEFIFIT 606 bp 1) 3 F5(F 1b. ¢).
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B2 S A5 22 R v AR B Y Hsp 70 FE D30 50 1E
PR, BRI5K 2004 bp 1 Hsp70 FEH 4K FES

bp 2850 Blast X, BRINHA T ARSI Hsp70 2K,
2000 4N PgHsp70, ifjid ORF Finder ¥4 #r & FH
1000 JTAREESE Hsp70 FEHTF T EEHE ) 1866 bp, LI ATG
o WRGE T, TAA BLILT, W4T 621 IR,
250 Ay T2 67.7 kDa, PSS E K 4.87, 5
100 HifG[X (5" TR)7 bp, 3'dEHASIX (3" UTR)131 bp(&l 2)

FIH InterProScan #1443 #r v FEAS B 1Y PgHsp70

AT H), 378~534 i piJe £ IKZE 5 1l (Peptide-

binding domain), 527~595 i s5J& C A ¥ty 45 #4) 42k

1 PgHsp70 H R 7 b 7= e i HEL Tk (C-terminal domain)(I&] 2). fif] Prosite TEZ&E A4 T

Fig.1 Agarose electrophoresis of RACE or B, ZIEN IR R T AA HSP70 FGm) 3 4

PCR products of PgHsp70 genes #51F 1 ¥ 51 : IDLGTTNS . VEDLGGGTFDVSVL ,

a: PgHsp70 JEH i ha] i Bey 3887210, b: PgHsp70 KR 1Y) VVLVGGSTRIPAIQQ(®l 2). PrediSi 4%k {1 IR AE

5'RACE ¥ #7291 (#73%); c: PgHsp70 3:[H#Y 3'RACE 91 P HH Rk IS KA
e 3k). M: DNA marker DL 2000; C: %} & .
a: Core fragment amplification product of PgHsp70 genes; 2.2 PgHsp70 ERZFI LR ARG H LRI

b: 5'RACE amplification products of PgHsp70 (arrow); IR 5 R, -
c: 3'RACE amplification products of PgHsp70 (arrow); JAESE Hep70 SEIN 1) LR T 512 BLAST

M: DNA marker DL 2000; C: Control Fext B, AR Hsp70 R B R, F

1 ggtattahTAGGTAAAGTTGTTGGAATTGACTTAGGAACAACCAATTCTGTGATTGCTGTTATGGAAGGAGGTAAACCTACTGTAATACC
1

M G K VV GGI DL GTTNSVIAVMETGGTI K?PTV ITP

91 AAACGCAGAGGGTTTTAGAACCACTGCTTCTGTTGTTGCATATACTAAAAGTGGAGATAAACTTGTGGGACAAATTGCTAGGAGGCAAGC
29 N A E G FRTTASV V AYTIKSGDI KT LV G QI ARIRIQA
181 TGTTATTAACCCAGAGAATACTTTCTACTCAGTCAAAAGATTTATAGGGCGTAAACAAAATGAAATTTCTCAAGAAATTAGACAGACATC
59 v I NP ENTTF Y SV K RTFTIGRIKI QNTETISOQETIRI QTS
271 ATATAATGTTAAGACTAGTGGATCCAGCATAAAAATTGCCTGTCCTGCACTTGATAAAGATTTTGCACCCGAAGAGATTTCCGCTCAAGT
89 Y N V XK T § G 8§ 8 I K I A C P A L D K D F A P EET S A Q V
361 ACTCAGAAAACTTGTTGAAGATGCTAGCACATACTTAGGCGAGACTGTTACACAAGCAGTTATAACCGTACCCGCTTACTTTAATGACTC
119 L R K L V E D A 8§ T Y L G E T V T Q AV I TV P A Y F N D S

451 ACAAAGACAAGCTACGAAAGATGCCGGTAAAATAGCCGGTTTAGATGTACTAAGAATTATTAATGAACCTACTGCAGCTTCCTTATCTTA
1499 Q R Q A T K D A G K I A GL D VL RTTINZETPTAASTL S Y
541 TGGACTAGACAAACAAAATAATGAAACAATTCTAGTATTTGACCTTGGAGGCGGAACATTTGATGTGTCCGTTTTAGAAGTTGGAGATGG
179 6 L D K Q N N E T 11T L V F DL G G G TF D V S VL E V G D G
631 AGTATTTGAAGTACTTTCAACTTCTGGAGATACACATTTAGGTGGAGATGACTTTGACCAACAAATTGTGGAATGGTTAATCAAAGATTT

20 VF E VL S TS GDTHTLGGUDUDTFDQQTIVEWTLTITZKTDTF
721 CAAGCAAAATGAAGGTATTGATCTTGCAAAAGATAGACAAGCACTTCAAAGATTAACCGAAGCTGCAGAAAAAGCAAAAATAGAACTATC
229 K Q N E G I DULAZKUDU RIQALIGQRTILTTEAAET KAZKTIETLS
811 GAATTTAACTCAAACAGAAATTAATCTTCCATTTATTACTGCTACACAAGATGGTCCCAAGCACTTAGAAAAAACTGTAACTAGGGGTAA
20 N L T QTETINULTPTFTITATIQDG?®PIKHTLETZ KTV TRGK
901 ATTTGAAGAACTTTGCTCTAATCTAATAGACAAATGCAGTATTCCTGTAAATAATGCTCTAAAAGATGCAAAATTAGAAGCTTCCAGTAT
299 F E E L C S N L I D K C S I PV NNATLJI KD AZ KTILTEAS S I

991 TGATGAAGTAGTTTTAGTAGGTGGATCTACAAGAATTCCTGCTATACAACAGATGGTTAAAAGATTAATAGGTAAAGATCCCAATCAAAG
30 p EV VL V GG S TR 1 PAI Q Q@M V K RLTIGTE KTDTPN~GQ S
1081 TGTAAACCCAGATGAAGTTGTTGCTATTGGAGCAGCTGTACAAGCTGGCGTTTTAGCTGGCGAAGTCAAAGATATTCTATTATTAGATGT

339 V NP D EV VAIGAAV QA GV L AGEV KDILILTILUDV
1171 GACACCATTGTCTTTAGGAGTAGAAACTTTAGGTGGGGTAATGACGAAGATTATACCAAGAAACACTACTATTCCGACAAAAAAATCAGA
389 T P L S L G V E T L G G V M T K I I P R N T T I P T K K S E

1261 AGTATTTTCTACAGCTGTAGACAATCAACCAAATGTAGAAATCCAAGTGCTTCAAGGTGAAAGAGAGTTGACAAAAGACAACAAAAGCTT
49 V. F S T A V D N Q P N V E I Q V L Q G E R E L T K D N K § L
1351 AGGAACATTCCGATTAGATGGTATTATGCCTGCACCTAGAGGCGTTCCTCAAATTGAAGTTACATTTGATATTGATGCTAATGGAATTTT
49 G T F R L D G I M P A P R G V P Q I E V T F D I D AN G I 1
1441 GTCTGTTAAAGCAAAAGAGAAAGCTACAGGCAAAGAACAATCAATTACTATATCTGGAGCTTCTACTTTACCTAAAGATGATGTTGAAAG
479 S V. K A K E K A T G K E Q S I T I S G A S T L P XK D D V E R
1531 AATGGTAAAAGAAGCTGAAGAAAATTTCGATACAGACCAAAAAAGAAGAAAGAATATTGATACTAAGAATCAAGCAGAATCTTTATGTTA
509 M V K E A E E N F D T D Q K R R K N I D T K N Q A E S L C Y
1621 CCAGGCTGAAAAACAAATTAAAGAATTTGAAGATAAAATCAGCCAAGATTTGAAAACAAAGATAGAGGAACTAATTACAGAGCTTAGATC

539 Q A E K Q 1 KX E F ED K 1 S Q DL K TJKTTTETETLTITEL R S
1711 TAGTTTAGAGAAAGAAGAATATGAAAATATTGAATCTATCTCTCAACGACTACAGAACTCATTAATGGATATTGGAAAAATGGCTGCTCA
59 S L E K E E Y E N 1 E § I S Q R L Q N S L M DI G XK M A A Q

1801 GGCTGAAAGTAAAAATACAAACACAAAAGATGATGGCACTGTAATTGACACAGATTTCTCTGAAGCTAAATAAAAAAttagcgggtaacg
59 A E $ K N T N T KD D G TV I DT DF S EA K *

1891 cgattcgaacgcgcgacatcaaccttggecaaggttgegetctaccactgagetatacccgeacagaatatattattacaaacatggtaac
1981 atttgtcaatctgtagttatatag

2 JAREESE Hsp70 3R MR BT 9 AL R T 1)

Fig.2 Nucleotide sequence and amino acid sequence of PgHsp70
W ETHEX IR R Hsp70 B AR AT HIREE; #EITHERIER R C KuhgsHik,
L RN ZIRGS B T HE TR B LG B T (ATG) 2L 25 1% T (TAA)

Blue boxes represent sequences of HSP70 protein family, Yellow boxes represent C — terminal domain,
Polypeptide binding domain is underlined with red “—7, Start codon(ATG) and termination codon(TAA) are shown in the box



41

R5F: ) AR EESE Hsp70 FEF cDNA o[ 5 338534

135

Fl DNAman 6.0 #7232 £ 8 75 L gt i1
7N, ANRIIFP R Hsp70 P3N HARST , Ho, PgHsp70

ik 98%, 5 P perforate W) Hsp70 @IEFRFHFIINE R
97% , S L3 (P. umbilicalis) Hsp70 2 IEFR 75 AL

RILTR B 5 1555
(99%), HKZ 55 %5

PgHSP70

YP 007947844.1[Pyropia haitanensis]
YP_536996.1[Pyropia_yezoensis]
YP_009027597.1[Pyropia_perforata]
YP_009413326.1[Pyropia_umbilicalis]

YP _063608.1[Gracilaria tenuistipitata var.

Consensus

PgHSP70
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Fig.4 Phylogenetic tree based on PgHsp70 amino acid sequences by the NJ method
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Fig.5 The relative expression of Hsp70 gene
in P. guangdongensis during high temperature stress
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The cDNA Cloning and Expression Analysis of the Hsp70
Gene from Pyropia guangdongensis

ZENG Jun, CHEN Weizhou”, CHEN Zepan, LIU Haoran
(Guangdong Provincial Key Laboratory of Marine Biotechnology, Shantou University, Shantou 515063)

Abstract

In order to explore the molecular mechanisms of the Hsp70 gene in Pyropia

guangdongensis, we have stimulated it with high temperature stresses. The aim was to provide technical

references for the cultivation of P. guangdongensis. The full-length of PgHsp70 was obtained by rapid
amplification of cDNA ends technical (RACE). On this basis, the expression of PgHsp70 with the
different temperature (22°C, 27°C, and 31°C) stresses after 0, 1/6, 1/2, 1, 6, 12, 24, and 36 h were detected
using quantitative real-time PCR. The results showed that the full-length cDNA of PgHsp70 was 2004 bp,
including an open reading frame (ORF) of 1866 bp, encoding a polypeptide of 621 amino acids. The

molecular mass of the deduced amino acid sequence was 67.7 kDa, with an estimated pl of 4.87. The

expression of the PgHsp70, as measured by qRT-PCR, can be significantly induced by high-temperature

stress. The three kinds of expression profiles for PgHsp70 were similar at different times, and all of them

significantly increased first and then reached their maximum levels after one hour, and then dramatically

decreased. Compared to the temperature stress of 22 °C

and 27 °C, the expression of the P

guangdongensis with the 31°C temperature stress reached the highest level after being challenged for 1 h

and was 11-fold higher than the normal. These results suggested that PgHsp70 plays an essential role in

response to high-temperature stresses.
Key words
ends (RACE); Quantitative real-time PCR

Pyropia guangdongensis; High temperature stress; Hsp70; Rapid amplification of cDNA
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1972; Fujita, 1973; Lin et al, 1984; FRFKIHESE, 1991;
R, 1992, 1996; HRMG5F, 1999; EIIKAE, 2002),
SR F SRR Z IR, BURPLIEAER &
A%, WUEMRAT ZMPAEENREZ — ABFFEE T
R4 IR b DX R 58 SR M RAR SR B , T T R
OB S E | BURMERIIN | R AR e AR IR T e A
—RAN5E, B ARG SR B0 1 KRR B, IR A%
i B A B S R

1 #TRE5FE
1.1 EIG AL

BB BT 2010 4E 11 AR AILES A
HE LV X AR B2 S 97t 3, JKIRN 18°C; il 4%
BEEER IR T S I0 RIS LA, 754 T PES
T IR A T (B K, 1996).

1.2 @AEHSE

TERRAEAR W I 1 SR B0 52 S RAA | T T /K B
Bk, STHURBEREE: . S0, FHJCEIE KB R B2
WL, WA 2216E Mg /KIEFREET 28°CHEFR 5d, HRiL
AL S — BT, R 15%80 HHM AR FR . 77
T—80°C Uk %

1.3 ANIRg

b3 100 1E 5 I (e B AR B S S IR A, B LA
AT, BT 0.7% KIEWR PR 15 min(Jy SCHE,
2010), FHKBE K ks T S5

K53 B A5 30 1) BE {05 JAL TR £ 22 1 6E YR A4 1 % ik v
B, BOUERIAR, KA PES-T/K e 3k
Jei Tk o W R — TR VRO B K B PES-T K, il
P AT N 108F1107 CFU/mIFPES-#7K, LK
R PES-IF 7KV A BHPE X HR e B R e s 23t
R, BN 15°C, JEREMIL : D=12 * 12 (h),
5 A 62.5 pmol/m*s (5000 1x). 45N JEYL 41 Fx i
HBEINPAT, WIS AR R L i #2
TG ZE R, PR EA I I S SR AT A TR 4y B
SE ., LABATESE R o
14 REELE

R HE 2 QYL Ak X Sl AT e (0, Bak; SR
Vitek 2-GN Fl API-ID32E A= 3 A= AL 46 357 & (2B 9
MR T, YRR, 2 887 S A 8 B - 0 D v ik
A AR RR RN 2 5 I 16S rRNA KA 5|4 27F
(5'-AGAGTTTGATCCTGGCTCAG-3") Fl 1492R (5'-

CTACGGCTACCTTGTTACGA-3'), PCR ¥ Y1 16S
rRNA 551 ; M4 NCBI 1 20 43552 25 B 14
(Pseudoalteromonas)i dnad 1 dnaN F:H F5), it
BioEdit #AFXT LGP F 7341, TEREORSF Xt 2 X
5% dnadF (5'-GTGTATYTGTCGGTTTGGC-3').
dnaAR(5'-TNARYTCTTTWGAYARHGCC-3') fil dnaNF
(5'-CCDYTRRTRCARGTDTCDGGYGC-3"). dnaNR
(5'-AYARDCGCATHGGCATSACNAC-3"), PCR ¥ 14
Y1 dnad 1 dnaN B R B, B B BE 435120 1301 A1
1124 bp, PCR KL & fF: 95°C A 5 min,
95°CAEM: 30s, 55CIiEk 30s, 72°CHEH 90s, 354
PEA, 72°CHEff 7 min, K9 3G HNA PCR =ik
2 iR RAEYREARA TN, RSN T
515 B IE GenBank [ Blast(http://blast.ncbi.nlm.
nih.gov/)IFATIRIJEPE AL, FIH MEGA 5.0 #44, >k
H A8 57 4 7% 7 (Neighbor-Joining) ¥4 ## & 4t 3 1k #
(Bootstrap=1000),

1.5 IMEEFXEERRMm

BRI By M 8°C . 15°C . 18°CHI22°C,
G5 T 385 3 o) g B 5 T R T 5 SR BRE 55 S 8% 38 43 il 16k
R 0.05g/100 ml, 0.1 g/100 ml f1 0.2 g/100 ml, #;
TN 25 5 7 B 88 J3E XoF S5 BRER A2 ) 5200 5 FH TG T e 27K
PR LT R 1,019, 1.022 F1 1.025(FH XTI Y i 7K
ERREAY RIS 24,5, 29.1 F1 32.7), KUK LL 4
B IR . RS R 3 AT, BRAEf
AR T, HALRE S50 B 18°C . %N
0.1 g/100 ml, /K HLE A 1.022, SZELL5H0 AL
VeSS 10° CFU/mI M9 TR, X BRI FE IR RE 25 1R T
AIMAR R SR . g R iy A8 1k, JF R R g
18 J5 o R 43 T RUIT o5 S ik 7 TR B 4 B A
Ik & A A AR A

2 HBRE5HW

21 ZWMHERARSE

PRI 2R S L BE KI5 387 22 5 T R AR 1) v S
Mg, W& et i BT B/, § KA %
Wi A R gk, FEMPIRAR R R s TR, o R
JEREAR G (EI1A) . FE2216ERG F2 5L b L4 29159 3 sik AL
PH, AgS Y. Y2, Y3, Y4RI1Y5,

22 ANIRHg

B RR Y 1R e 58 38 ] DL 7= A B S B A E IR
(F1B), Y2. Y3. Y4RIYSEA U0 B 1 25 B
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A B
B1 3D SR R 2R BE 56 2R (A)
N IR K 25 BE 52 (B)
Naturally infected P. yezoensis (A) in the sea area and
experimentally infected P. yezoensis(B)

AR LR LR . Y TH R 10° CFU/mIBYL 2 53¢
TR 772 dJi O BUEAE , 107 CFU/MmUEYLLH7E10 di 3
WRAE o RS R UL, TERBEIE LA E, mepl R
SR R I AR A, TR AR R AE , B R OE R Y
AR RL A, G R AR A FELIR (E2A),

Fig.1

oW, 5
2%

B2 AT

2 5 P A 440 e 8 2 25 A0 B O 4544 (R12B), e
WL S AR A AR Ry oy, RCEPIR & AE(E2C), i
S5 1) 4 L B0 € 457 0 A o I B 2T B PR HIR T AL 1 5 B
(K12D), 5T 5 3 - RAASG 28 350 435 £ B 38 - DX 331 W]
i, EL AR 43 4 M R B e A [R] R LY B b oy 22
DAFPRZS 4 )2 (BI2E . [B12F),

23 HREEHEE

LA RN, Y1 BT 2L KB
. Vitek 2 GN %@ 45 R o, HPN &R - N & R -
[ 2 R 05 B il (APPA) . B-F-ZLAE T F(B-GAL) . R
(LIP). PR 75 Hichiti (TyrA). a-EFLBE B (0-GAL) .
WERREE(PHOS) LA N ELLM [0 M BRI, HoAd 3y Ky B
P, 24 ID-32E ¥, o-HA I (o-GLU) ., o-ZZ 2FHHTT
fiff (a-MAL)FI L-K |74 2 05 B i (ASPA) s 1ok BH
HAb R AYE . ATB RESHrEERER, Y1 R
A B T (Pseudoalteromonas)

XY 18168 rRNA . dnaAFldnaNAE R HEFT 4 1 )
J¥ FlGenBank b X}, JFHE# RS L B IR, 455480
NN A W1 B8~ PN IS | RS I S [ vl = Ny I
(Pseudoalteromonas marina) ¥ EE 4°599%~100%,
H R G A 510 7R 2 8 B R 3R o — 32 (K13),
Y 150 7 M 2 8 B v A OC R B AR R,

@ 0.8 g
B e
e

Je SR BE SR

Fig.2 Experimentally infected P. yezoensis

A FASESEAIMR AR AL (0 B 2 ESRANMR AT E (0 C: WIIEIRMERBE; D

AT B FLIA s E AL F. SRR

TE 20 R 5 S Ak 2 i A A A 1) 240 )=
A: Concentration and discoloration of Porphyra single cell; B: Concentration and discoloration of Porphyra cells; C: Early stage
of green spot disease; D: Holes on laver; E and F: Cytoplasmic granules degradation at the junction of diseased and normal cells
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86 | Pseudoalteromonas nigrifaciens CP011036
22~ Pseudoalteromonas haloplanktis X67024

Pseudoalteromonas translucida CP011034

26
36
25

g — Pseudoalteromonas fuliginea AF529062
Pseudoalteromonas aliena AY387858
Pseudoalteromonas undina X82140
Pseudoalteromonas distincta JWI1G01000030
Pseudoalteromonas carrageenovora X82136
Pseudoalteromonas neustonic BDDS01000056
44 Pseudoalteromonas prydzensis U85855

98 - Pseudoalteromonas mariniglutinosa AJ507251

A Pseudoalteromonas Y1
100’ Pseudoalteromonas marina AY563031
Pseudoalteromonas sp. AM111018

Pseudomonas putida NC002947

—
0.01 A
100 rA Pseudoalteromonas Y1
39 Pseudoalteromonas marina AHCB02000069
E Pseudoalteromonas shioyasakiensis LRUE01000006
39 100 Pseudoalteromonas lipolytica LYTC01000018
Pseudoalteromonas porphyrae LITL01000028
——— Pseudoalteromonas prydzensis BDDT01000016
88 Pseudoalteromonas haloplanktis AHCA01000018
7 100! Pseudoalteromonas mariniglutinosa BDDU01000025
—— Pseudoalteromonas espejiana CP011028
Pseudoalteromonas agarivorans CP011011
9 *IiPseudoalteromonas atlantica CP023464
?793 Pseudoalteromonas telluritireducens LVCM01000026
Pseudomonas putida NC002947
0.05 B
56 Pseudoalteromonas issachenkonii CP013350
@'FPseudoaheromonas sp. CP001796
100 Pseudoalteromonas tetraodonis CP011041
62 Pseudoalteromonas undina AHCF02000004
Pseudoalteromonas espejiana CP011028

76 | 100 [Pseudoalteromonas telluritireducens LVCMO01000026

100 - Pseudoalteromonas agarivorans CP011011

97 [ A Pseudoalteromonas Y1
100 L Pseudoalteromonas marina CP023558
Pseudoalteromonas prydzensis BDDT01000016
43: Pseudoalteromonas shioyasakiensis LRUE01000006
Pseudoalteromonas tunicate CP011032
W: Pseudoalteromonas ulvae MWPV01000007
Pseudomonas putida LUCV01000010
0.1

C

B3 Y1 RGHLEE T
Fig.3 Phylogenetic analysis of strain Y1

A: HET 16S rRNA ZENFFIIRIEE 9 R G B HEALM; B: JET dnad FP IR R SR & LR

A: Phylogenetic tree constructed for isolates based on 16S rRNA gene sequences; B: Phylogenetic tree constructed for
isolates based on dnad sequences; C: Phylogenetic tree constructed for isolates based on dnaN sequences

C: JET dnaN FeoR LR R 58 B LR
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5 5 | M YR 2% RE 55 S o R 1) Dt 8 T (B BF
R

2.4 IEBERETFIREEHNHI

WHE 4 DAFERRYEE, K TR B 4B
SRR KR, 5 R ER, TRERYLEE N 18°C
B, SRBEESE Apmtt, B 36 h J5, AWELEILL
GBEAS; YR N 15°CHI 22°CHY, J&Ye 48 h J5 iH
PUREAR ; JERYL IR N 8 CRY & HmEctE, B 72 h J5
B1~2 MRANBES . BR 22°CrRiRdl, AN
A TE A S 00 3 R P R LR 3 B IR SRR b
727 dJa, B STHMAILANBEEAN, HAKTRH
MR R a] WL ANERE X, TR AL . 455925
2 IR A 2 5 4 T ALY R TR A B AN P 4 A
N, MEYSEEE R 22°CHE, MR R R E, L
B AR IEH &84 o

WE 3 DANFI I FRAE2 BE, Ra T %% 5 % AR B4

SRERBEIE R IR REIR o AR B A TR LR A b
Bl T 0 % B B R, s B T B 72 h
J&,0.2 g/100 ml 41 H 2 AW W 99K BE, 0.1 g/100 ml
HAH PR 1~2 AR BE, 0.05 g/100 ml £H %A H PR BE
BY 7 d e, AHAEIERE, S0, SR
BRI 25 43 T AR T o T AR LB An 8] 4B
7N, 0.05 g/100 ml SEEAH e 2 AR fe /N, 2 45% |
A B ES ; 0.1 g/100 ml 405 0.2 g/100 ml 285522 i
UK, #ad 60%H M F H B L .

BB 3NN A L A K, I K L EE X 5 B
SRR KR I RE M o 1 K L E AR IAR(1.022)
RG22 diF MBI GBS, 7 dE R K
FEHZH (1.019) R /K H B 41(1.025) 7 B 7R Yed d
M5 dZ)m, HIMLABES, H &4 0w EN,
7 dJE, A S A IR AR A R 43 T AR R AR Y
Fe B an E4CHT s, 1,019 /K L 20 F11.025 5 17K
bb 21 M K AR e — AR B I JE SRR 1 ke A R

1.0 1 . -

200 & O sE534H Experimental group o (1)3 r O 340 Experimental group (1)3 | O SLI&4H Experimental group
=508 B %} B4 Control = 5 08 | B XfF84H Control = = 0.8 B %}HE4H Control
2g07| r K807} 07|
J-‘-‘E.% 0.6 | EEOG L E~§06 L

o =2 =B
RE05T RE 05| RE05 ¢
E,E 04 r Eg 04 r Ea 04 +
WEO3 | WE 03 ¢ WE03 |
K202t K202t Kgont

&0t ’—I“‘ 01| £o1t

0 0 0
22 18 15 8 0.05 0.1 0.2 1.019 1.022 1.025
A {EJF Temperature/C B #5 ¥ Density/(g-100 ml™") C /K lLEE Gravity of sea water
(& 4 BREE T X S5 B 25 SR SR B9 K5 1) 5% Tl
Fig.4 Effects of environmental factors on green spot disease of P. yezoensis
3 itig sp.) . & 5.l B (Pseudomonas sp.) VA 3K & (Vibrio

SR BT e S AR B I AR R A H WL, TR
SRR AT RE &2, HLIEAE 11, 12 A& N™
F(TWF, 2008). LRBEWG 2 KA T AR K% B AR
X, JLHREREREW S KA, AR AN E
TESRBE S SRR RS . P 350, hoe il
LA AT B BE . SR B — B A, Y R B
P, BE AT 7R ] N R — e, AR SR, TEIE
BT, BER 1 BRI A edRimRs, PeER, WA L
ERGERMTE . BB SRR R . TR,
MR S E . 2013~2014 4F, 35 EET)IER 43
B e RO R S 1 A 110 T3 & ey 4%, 124 T Y
BEHIH 10.7%(Kim et al, 2014),

1968 AELRBEEE H AT A, HIw R E R
17, MR 5 S8 iT DLy B RLER TR (Micrococcis

sp.)(Nakao et al, 1972), [ & B Frgioss & il
W (Pseudoalteromonas  citrea)5 | 2 4 25 B 45 2% 4 B g
(FIBKAE, 2002), A< 5250 % 7RI BT b & BT
Al LSTR85 (Pyropia  haitanensis) %k BERR (i I 05
45, 2015) 0 H R (14 28 REJ 995 J5L B R 0 LA 30
4 R AR e, ok S i A1 il S 20 1 A PT RE S|
AL SR SR BE R B A N AR R, gk
A% 7 (Chloroplast virus)t 1] D5 | g S5 BE 58 32 £f B
1 & A (Kim et al, 2016).
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SEE T B ECA LTS G 5 | A G R AT
AE T | 28 SR 4k BE (Gachon et al, 2010), {AFRBEHMH
AT T B B A AR A W TR R R A A R B SR
) K & (Egan et al, 2016), 1814 M55 K 7525645
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Isolation and Identification the Pathogen of
Pyropia yezoensis Green Spot Disease

LI Jie', MOU Zongjuanl’z, YANG Huichao'?, MAO Yunxiangz, YAN Yongweil, MO Zhaolan'>"

(1. Laboratory for Marine Fisheries Science and Food Production Processes, Pilot National Laboratory for Marine
Science and Technology (Qingdao), Key Laboratory of Maricultural Organism Disease Control, Ministry of Agriculture
and Rural Affairs, Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071;
2. College of Marine Life Sciences, Ocean University of China, Qingdao 266003;

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

Abstract Green spot disease is one of the major disease considerations in the farming of Pyropia
yezoensis. Green spot disease could be found in all the periods of thallus, and outbreaks usually occur in
November and December. At the start of infection, small light red spots could be found on the thallus, and
then the spots gradually turned green and expanded quickly. Holes from lesions formed later in the surface
of thallus. At last, the entire thallus became green and fell off. In this research, bacteria strains were
isolated from P. yezoensis with green spot disease farmed in Rizhao. Experimental infection showed that
the strain Y1 could cause P. yezoensis green spot disease. Biochemical characterization and genes analysis
of 16S rRNA, dnaAd and dnaN indicated that the pathogen Y1 was Pseudoalteromonas marina. Influence
of environmental factors on the outbreak of disease were also characterized by experimental infection
with different temperature, stocking density and gravity of sea water. The results showed that higher
temperature and stocking density will accelerate the spread of the disease, but gravity of sea water within
a certain range did not affect the occurrence of the disease. In this study, we described the green spot
disease caused by P. marina, which provides information for disease control in P. yezoensis cultivation.

Key words Pyropia yezoensis; Thallus; Green spot disease; Pseudoalteromonas marina
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IuxR EEFEE/KS BRETHZER
S FHLEFER

LEE BEM EHG Kk IEE KeW Ens’

(RN AP AR K R SR B S0 o8 SRR KRR =208 JETT  361021)

WE LR EIXEEARE-FEEZRVBAFTABEELEEANEALEES, S50W LT ER
AEFEES . KA RNAQ # A M # % K KR M (Aderomonas  hydrophila) luxRosys 2 I B T #k
IuxRos7s-RNAI, FFF| | qRT-PCR Bl K E R B R, £ RE &, §EH AR, TRKF uxRosrss
WERKEERT 96.8%. HWBRMEEZIEXH, §E AEMKRMN, hRos;s-RNAI AR AXE & . HRD
E. FMEFR. KRBT D EBRK, 5B EKS B lcRos7s-RNAI Y 5 5 4 30353047 AT
KA, kH*ZREBENEHER 1286 4, Ho, BAELE3IS3A, THERBIA; EEEENE
Bak, nR\RGERAE. BEREDSRAE, mAMBEL, MASPRSEE; £ 4 48
B e G e K A R T 2 VAR K B E R K AE metE | gind. rplB. 1plX, rpsd. rps] %,
KB EEARDNEATES AR ENREREERE SRR, Z6UEHRER, TU
N B KR HEME W luxRosyss BT LT 09 £ W Al X L H B AR R E A X £ E KL, A

T R 425 40 T % 24 4 B TR 5%
ES7 a0

FESES S917.1 LEkFRIREE A

W& K S5 M T (Aeromonas  hydrophila) S J& S 5.
Ja i L (Aeromonadaceae) X HL ML I J& (deromonas), J&
— i 22 QPP AT R (RROL R 48, 2013), JRIm4Ek
IR IK I3 58 20 W) 1) 3 20 IR T 2 — (5K [ 52 45, 2016;
ZHRIAE, 2014), HHET, K77k A B I6 W 7K SR R 5 |
KB E EERRREYUE R, R, i TPUERW
R TR AR ARG, 200 /K BRI TR i 24 TR B
K U Fl(Del Castillo ef al, 2013), WZEZ%25(2013)
Kzl 28 wR I IE K A XS 18 Ptk R A 24
PR, G5HFRI, 2 B0 R g KA TR R 22 EE

KA EME; LuxR BB E G WG #x4
XEHS  2095-9869(2019)04-0147-09

2%, X RE R TNV R A 25 R 60% , Xt
ST TR 25 5 28.6%~53.6% . 17— X Z:(2014)
R 23 ARG K S AR (T 2508, 53R BoR, 31.9%
F14) R 7K A< B X WA T T 2K 2 0 i 2 i 24P B RR Y
HF IR 35S KRR TR 5 & 14 K 7 Bl 9 s B HE LA
P, DRI, e O KSR R AT 1 T 24 ML sy B
IR 7K S PR TR 118 A

LuxR Z5 IR 48 25 1 2 4 2% [ BF 14 440 T e B 2 1Y)
PPN 72—, W E T R GA TR E e
BRI 5 5 R G X AL4E F (Fuqua et al, 1994;
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2 R 40 &

Zeng et al, 2011), FEMIFRHITRA, R ZA0H
LuxR KGR AP ABMEE, TFEurss, &
H R RER T 25 RN R GRS, 70 40 T
SR BORTE . BT SE 2 A A A R 4
W H B (4 £ €5 (Malott et al, 2009; Zeng et al, 2011;
Cerqueira et al, 2014),

AR FEAE AT IS LR L, SR A RNAT FAR BT
G I BB 6 (Anguilla spp.) )9 JE M g 7K /<5 i
B11 HARAY luxRos73s XL TN 25PE 520, I455 5%
SREGIHT, PR RE K S B TR 25 1 43 BILL, A B
P g K SR TR 5 | & 3 T B R ER S AR Ul

1 MRIERFE
1.1 BRRARAL

KIGFF B (Escherichia coli)fE LB #5373k 37°C 4
PFF 3R, WK HAMRE TSB 55373 28 C &M T
Wide o SRR T ZIMAFHNPUER, AR
Vi FE Ol BE RS 2 (Sm) 100 pg/ml, % (Cm) 34 pg/ml,
T Bt S5 20 DN B Ay kit B 470 A 28 X0) B S 2 B4 o R
Me), X g /K LRI B11 TRARFN luxRos73s-RNAIL PR
HEATEE SR YN BT A R o BRRR SR R R R/ R TE
FEPEUL R 1,

x1 KUWERFABRAL

Tab.1 Experimental strains and plasmids
5 PR A . FLRAIFN/5% 2 IE Genotype and/or phenotype B
Strain or plasmid Source
JFRL Plasmid
pACYCI184 AHER . WHREPIME(Cm" T 1 52k i A B A2

pACYC184-luxR

pACYC184 i), A& — 4815 LuxR mRNA Fl orf(Cm") ) 4

Provided by Prof. Nie Pin
A5 This study

31X 60 bp i K H RNA ¥4
pACYC184 derived, containing 60 bp fragment of short-hairpin
RNA sequence targeting the coding region of LuxR mRNA and ORF

(Cm")
A Strain

Bl1l I 7K B R B A TR R (B R L)

AT This study

A. hydrophila wild-type strain (Sm")

ZUXR05735-RNAi

VIE B E R MEAEZTIER shRNA JTER luxRs735 3

AT This study

luxRys735 was silenced by shRNA (Sm’, Cm")

DH5a

F—, ¢80dlacZAM15, A(lacZY A-argF)U169, deoR, recAl endAl,

TaKaRa

hsdR17 (rg—, mgt), phod, supE44, A—, thi-1, gyrA96, rel41

1.2 ERRENRKNEENEE

2% Darsigny %5 (2010)) 7%, B MK AT H
R pACYC184 ki, I BamH I #1 Sph 1 ¥
pACYC184 i), I, [RIsc =45 45 A R g4
i AR )/ T48 RNA(R 2)i%E#, 8 &4 ik
pACYC-LuxR. &5, B HEUA kT A DHSa
Bz, EEEEPIETR(G4 ng/ml) EiERH
PERTERE , B BHPE BT R RE I 28 B o I IR A Y

Y R A ATE KA P B A Ak B11, A g
7J(%$ﬂ@% luxRos735 %%(ﬁ%@lﬁﬂi luxRos735-RNAI,

1.3 ¢RT-PCR

B11 il luxRys73s-RNAT B R 1S 37 2 05 K30,
AR TR R P RNA, I R BE ,  H kR I 5 A 7
S FESE, DL B11 B ARVE XTI, R HUR E Rk B 168
RNA RHE NS, 1T qRT-PCR, B ARG 9751
L3 3, B RN E e PCR b 2 A% 4 IR 7] 2

Fz2 FBEERFITEA shRNA FF

Tab.2

shRNA sequence for stable gene silence

H 2
Target gene

Ta e S A UTER Y shRNA J7%1] shRNA sequence for stable gene silence

F: 5’GATCCACCTCGGAAGATGCGGTGGATTCAAGAGATCCACCGCATCTTCCGAGGTTTTTTTGCATG 3’
R:5'"CAAAAAAACCTCGGAAGATGCGGTGGATCTCTTGAATCCACCGCATCTTCCGAGGTG3'

luxRos735
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%3 qRT-PCR3|Y
Tab.3 Primers for qRT-PCR

K Gene 51#)F%1 Primer sequence

luxR 5735 F:5'-CATGCTCGGCGTCTGGATGC-3'
R:5'-GCTCGCACCACTCGAACATCA-3’

16S rRNA F:5'-TAATACCGCATACGCCCTAC-3'

R:5'-GGACCGTGTCTCAGTTCCAG-3’

UL BT EAE . qQRT-PCR WK F A 10 ul: g-PCR
Mix 5 pl, ddH,0 4 ul. cDNA #ifig 0.5 pl. | . FifF
519145 0.25 plo PCR W Z&F: 95°C A8 P4 10 min;
95°C75ME 20 s, 58°CIEk 20s, 72°CHEfH 205, 40 4
PG

1.4 TZHLLE

Z7% T EIBESE(2012) [0 7, W R KR 32 L EA
YRS — )2, (05 97 3 7 25 B B ARG BN T, £F
BEE G AR, SRIGRIAGE 2 B 3e4E, 24 5%
AR BE R 2/3, S EI W EIGEE IS U 2R HbR, B
FFTHLEE IR . W /NN ARSI 100wl 259 (25%)
W BE 2 B8 S [ CLSI A PL I 90 26 W B Ik S 96 1
D5 BRI WAR ), 11 /NFLE RS- M L 200wl B
W, IF R ARZE TR T /N L BB S . AR BESE )R
TE 28 CHEFEMI M RE TR 16 he

1.5 #HXAHH

MNTR R (B D AEA 3 H A2 ) P S O RNA, SR
NanoDrop 200046 I #2 B RN A B FILLRE , SR 5 F)
FH B BE B RE B e Uk ARG T RNA Y 52 46 P, IR A
Agilent21003 7 RIN{H B 4 FE 225K RNA &L #t 5
2 pg, HeJE =100 ng/ul, ODago s nmd T T°1.8~2.22Z [A]
SRJ5 , LU TruSeq™ Stranded Total RNA Library Prep Kit
IRFI SR, 124 M cDNAYS 258 i) ANTPsi 7] /1 1]
dUTPAR B dTTP, M Ifii ff cDNA 5 2 55 o i 56 41 7
A/U/C/G. #EPCRYIEHT, HHUNGHEHECDNASE 244
1k, WA SO TP A AL & cDNASS 188, 2 )5, 38 FifgsE
/3 7l 2K FHlllumina Hiseqif 17 4% 2l o A ARIE )G
SRS BT TR, 1 2 e I A
Fratug, 2B TR AG I  E5 s b A 5 R e 2 3k ) 3]
P E R B . NRE = P8 K 75, Mmife
B =5 i I P 40P (Clean data) ., fif FHBowtie 5 4-1F
J A I A 3] 1) R T P 9 S5 A 1 S5 SR A R
i 1 25 S 3 TR TR (7 S B0 41 5 0 BB 4 2 [A] RN AK -
B RA B E P22 AL . 25 57 JL R Y s ok 2k A
H, P<0.05, |logFC|=1, R IEJFP<0.05, 2544

R T2 227 03, 24 EsR
IRIEHAEFTGOFE BRI AT, DAH A —ANFEAC X ],
AT LGS T HAT S DR A R 91 3% SR A E .
Xf 2 A N TGOy g W E MR AR b, DUl 22
SEIEP A D Re e ARIE O, A6 LD D) HE K- B B A AR (1]
225, fa, HFHKOBASH 4 #E1TKEGG Pathway
BES, KRR S5GoYRe E £ rtalE, I
i FisherkG Bk 30 i 471155 . 4 T#HIT TS BA
AR, RJBH(FDR)Jy AT Z EAG Y, L KLIERIP
{E (Corrected P-value)f10.05% J H{E , i & X — &1
[ 388 6 e AT 25 S 3R A B A i 3 4R I KEGG
i

2 R

2.1 luxR05735 ﬁgﬁﬁ_&%

ME 1 TR W, 584 B11 AL, uxRossss
BEROE VTR, FE IR E AR T 96.8%, UESE
ﬁﬂ:%o

1.4
1.2
1.0
0.8
0.6

F23K7KF Expression level
S

0
0

)

Aokk

(=

B11 LuxRys73s-RNAi

l7§] 1 lMXR05735 E/‘J{j_l:gj(gl%
Fig.1 Silence effects of luxRgs735
*®kk, P<(0.001; **. P<0.01; *. 0.01<P<0.05
T [A] The same as beolw

22 FEKRMTERKHZGYHRELR

mE2mR, SBUEBRME, luxRoss-RNAIR
BRXT PR B 2 At 25 PR 055 T £428.45% , X5 70 2L
FR TR 25 MRS T 244.22%, R IR EE K A TR 25 1 0 55
T 2144.25%, XTULURER BN 24 P55 T £96.23%, 1
HA 225 M U R AT 25 PE08 55 1 291.83%.
X5 )55 R B 25U T 291.49% . X RORJE 1)
it 20858 T 2491.75%, B TR EES.

23 BAEKRMINESKNESHES T
DL DR 2 v b o TR AR R K S BRI R ATCC
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%40 %

7966 1%L K 4 (Accession number CP000462) 5%,
ffil Bowtie {44 Bz 515 8w Bt Jr v 5 5%
L HexF (& 3), di & 3 T4, 2 AN AREE 54 i 3
4 20771885 FI 23017733 4% Reads, 5324
81.61%F11 80.41%, 2 P EARAE A Y Reads 52 HE A
ZH Y HE X R 1 o

(=)
(=]

kokok

W
S

EBI1
B LuxRos735-RNAi

S
(=]

Kk

W
S

—_
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I 8 E 42 Diameter of inhibition zone/mm
%)
S

0
RRER ERVE AR FIRER BIBR BAELE IR
CN NOR TE KAN DOX FFC PPA

[EI 2 Bl11 %Hﬁ%ﬂ luxR05735—RNAi
PR PR TA SR AR T 244

Fig.2 Antibiotic resistance of B11 and
luxRs735-RNAI strains

B P 5% Number of the gene coverage JEFEH 21%£80.41%

M Reads Percentage of the
HHEEHHB1.61% coverage genes 80.41/%
Percentage of the coverage genes 81.61/%
25000000

23017733

20771885

20000000 18507900

16951172
15000000 |

10000000

5000000 ¢

0
BI1 IuxRos735-RNAi

K3 R ge i

Fig.3 Statistic assessment of sequencing data

24 ERREEFRYEFRITHTRINGESE

241 EFAFEARHKFTHIT O i 3 X B11
TR AR Fl xR o5 735- RN AT BR B9 BCHE UE 17 bR dEAL AL B,
fifi FledgeRERVFIEAT 22 52 404 o K6 B 1B AR Al luxRos735-
RNAIGE R BT LU (K14) . IEI4RT T, 25 5% 10
FHry RN 128600, Hidr, FiEEERH3534, T
FEN9334,

1000 ¢
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RIERER %
Up-regulated genes

FH$ Gene numbers

TAZREE

Down-regulated genes

K4 ZERFRENGIT

Fig.4 Statistics analysis of differentially expressed genes

242 EZFARIHsE FIH GO B, vk
FEN RS 5 Ay #8552
B 5T D REREAT 432 o vl o Ry AR i B L A2 4
S FIIEE 3 #B43 .

M ESHTD, A2 BT RE 4 2 A 7
R NERERE, R584, HR Manid e,
2SS IABR NSS24 . Fi4h, B—Aynd . Y
P SRR . N N ) 25 SR R Rt R 2

FH L 6 FTAT, 40 R0 240 it 2 A Al 2 434 28
JIT o e BAE B R (R R 289 4N, KA FRE AWM 156 4
JE R 188 AL BRZHA> M 119 A4S, Sz W s A i 2H 43 #F A
i 24 1 A o 4 FE AR

B 7 Won, 0T UResr 25, st 2 R ak
BRI 2 R 477 4, 55 MEE 2 E A PER 22 5
FERECH 375 ASF1 115 A4, Sz e ELAT Ak 7 M A T2
P B 235 6 RV 32 2R 1 3595 W8 KSR B 1) T 24 4 2
YIME o

25 EZREF GO EELER

h T AN EEN GG R, R E 2R R
AIFER EAT I RE B S0 M R, 1286 M EEF R
R 2w ER 152 4 GO 4 H o LIZ2 3 IE R H M i
PEAAE, Ok w2 R IE N H 21 5 2KIfE,
YRR . AT IIRE . iR 45 A Al
R R 4),

26 EZREFAKEGG E&E4 R

OIATEE RN, I R A B BRI S
U R E . A BRI 4 Za R,
SCWIE 4 Z% -5 I KRR BRI 24 758 R A o R
(R 5). XX 4 KPR DR T, 45
B SCHRARIE , 07 16 X 4 %38 b ] BE -5 40 R T 24
KAEVIMIIREREIN, W3k 6 FrR, IXLERLN 1 UIfiE
B KA AR A A
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Fig.5 Biological process classification of differentially expressed genes
350 ¢
300 289 289
w 250
3
£
& 200 | 188
]
&} 156
150 F
% 119
100 |
50 44
1 .
0 L 1 1 I L -
qMEdsy RS ROTEEY ANES eSS Ji&
Cell Cell part Membrane Macromolecular Organelle Organelle part Membrane
part complex
4ia£H 5325 Cellular component classification
K6 225mRBIE R R A0 LH 70 o0 2R
Fig.6  Cellular component classification of differentially expressed genes
3 3t REVERE, Z 5B AEWIRRIE, mpIB. rplX. rpsd.

AT LI, KT IRPBE luxRos73s VUG, 4H
XTI KB R . R A . RIS AL IR i i 25
PRV 25 WA e SR E A B R L, W8 7K =B L TR ) T
2 PERT e SIS PG RS SR AR B R A
WA 4 S BEA G, Hidr, FIRESX 4 L@t
IIGEFLIE metE . ginA. rplB. rplX. rpsA. rpsJ %%
R HEY], XERERN T, metkE M gind i)

rpsJ WIB R GRS AR AR L, S 5 AW E AR
B

WF5E S B, A5 Wk IS ) T A5 400 T 24 Pk e A
Ko hn Stewart(1996) 84 fiREFK, A=W 5 B i 245 4 HH
L ph IR SR R MR O R L ik T AT 45 (2003) W 5E R A
W 7K /B TR 1) A 0 B R B 7 5 A R 1 T 24 %% 1)
e, HArFR g R SR, B A B0 i b d: R
A TS A2 P Wb 35 v T TR D 200 AT o 2 0 B e 0 A 1) TS 245
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Fig.7 Molecular function classification of differentially expressed genes
*4 EREE GO BHRYIR
Tab.4 List of GO enrichment differential genes
i ‘ R P
GO %% b 44 P % RIEHHE 2t IR M
. . . Total number of
GO accession Term type P-value  Differential gene number . .
differential genes
G0:0008150 =414 #2 Biological process 0.00119 735 1286
G0:0003674 43 ¥ HIfiE Molecular function 0.000163 710 1286
GO0:0009987  4iififlitFE Cellular process 0.0453 413 1286
GO0:0005488 444 Binding 0.00157 375 1286
GO:0044237  #ifEfCiid & Cellular metabolic process 0.0355 338 1286
%5 E5EEKEGG E£7%I%
Tab.5 List of KEGG enrichment differential genes
=) * EIe—A P
¢ Torm oo p  ESEPURH ASOERECH P
Input number Background number P-value
itk 51 Selenocompound metabolism k000220 12 19 0.040325226
s ALY G rginine biosynthesis 0 .
K& R4 Y4 1 Arginine biosynthesi k000920 19 31 0.014071768
KA Ribosome ko03010 35 55 0.000630827
HiARH Sulfur metabolism k000450 11 16 0.033417057

PEFRBOR A 2 AT, — 7 T A PR Py A0 B AR
HREAG, EA—FPAEARORES, v IR P A0 A BBt
AR RFE s T — O T T A 0 B 1 4 T AT AR
FEA AR, R SE BT SE R B ik, i
DO S Rala o 1) K N N 31 o - W= G W N O < ST T
WS metE Tl gind WFIR KRBT, M 2 A

NZ5EYRATE R . 2 &% 2013)F 58 &M,

metE U IR 7% & (Yersinia) W) A= 955G A Y 35 25 52 1)
AT, % BB R £ o1 A 0 T B 1) BT kR Y 3 25%
AL QIR A AL Won , KRR A & Wi %
i oglnd WS 5N IR, gind B, Y RUIREE S
TR ARG RO UMHEN, luxRos73s V¥ metE
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Fl glnd WIFRIK, 4 luxRos73s BLULERIG , metE Fl gind
MRIA 2 R, 4% S SO TR AR ) R R T Y B3

IR, A I RE 7 BT I S AR A X B AR
R 2

R6 4FBEEPEEKSBEBEMAMEHEXMINERERE

Tab.6  Functional genes associated with 4. hAydrophila resistance in the four pathways

it HERAFR IR bR Bl
Term Gene name  Up/down Encoded protein Function
Ak A metk T Down  Fifith HY B 2R 5 hiL ity 55 U DIRH G (B4, 2013)
Selenocompound metabolism
K &MY A L ginAd T Down Zit W AEMEY GG SANERKE . U FEOAOC (L,
Arginine biosynthesis 2017)
iR Ribosome rplB I Up bR IA S T L2 WA L2 42 508 37K iR KR
M 5 21 2> (Mikulik et al, 2001)
Bk Ribosome rplX L Up gt miA S H 124 BHEREE 1 L24 2 508 MEAEZ % 5k
IR H 2 — (FIRBIAE, 1993)
A Ribosome rpsA T Down ZRISEEHAEH S1 AR ST 75T/a3) 308 IEHE[H
mRNA 455 25 5 1 B
kA Ribosome rpsJ ¥ Up  dHEREHASE F S10 A RES SRR 115 R SE AR, X

B E W 25 2 R, 2009;
Haim et al, 2017)

WFFEIE K B, R B 1 X6 40 T T 2 1 A o
M o ASAIEIE o R IR 25 57 Rk FE Kl rpsd | rplB . rplX,
rpsJAY I SRR BER SR F1S1. L2, L24F1S10 (B %3
4%, 2014; Mikulik et al, 2001; Z=VKFHEE, 1993; Haim
etal,2017), CHZMHASR ASITERIER G it 2
TER, HH:Z530SEME RS 5 mRNA R U5 F1 45
Fo rpsAFRIN T TS RHARE S0 &, M
M 98703087 i [Al mRNA RO 25 4 5 AW AR FIL22508
V35 A K B A T 2H 43 (Mikulik e al, 2001), 28
PREE L2428 SOS V. 5 41 255 {6 4 25 11 o 2 — (2= UK P
45 1993); KM IS100] RES 5B AE & i
() ZE R G R A, 2009). XiaoZ5(2015)HF58 & B, 43k
WEAF 2P AE R 3B i VR F T 40 B 30S A% B A 1)
16S rRNAMFAS X A FA7, 05 40 B8 2 1 A A ek
BEERGSREN, W C 24 BUE AR, WS
HANE AT . HUEHEN , TuxRos73sULER G rpsAZR iR
HRVE, i30S EFImRNAMLE &, #E—F s
TR R K8 Z AR R RS . Ik, 7EAF
RSB BRAA L, fuxRos73s-RNATEE AR R DX A
FRMRILEE R TR s i b rpsg 5 68
TR BT 2546 )6 (Haim et al, 2017), BINHEE T
VUM EI 2y, HAEHLE S U R Mo ) 8 2 A
[F], BE4ESTME 5 A R A2 AR 30S W 56 1) S H v 25 A5
BEL Ty 2 9t 56 2% B RNA 5 5 il RNARZ A R 19 AL s 45
By 0T B e 9 R R I 0 R A R (R AT

2013), ZIEHEF LA FIH S DU KRR ) 5 E 2y
PERFARAS 35 OS2 00 25 JANAT o IR T rpsJ3Rik
R, BN AN X 2 a2, B AR A W
REJI R BRI T 2590 5 4N B 42 i, (ELAR B X 2590 1)
i 32 BE 1 i, KT T 25 AN TR AR o AZHE A
% rp LB rp X3 53] G it A R B FH L2 R A B 14
L24 1 554 2 % A& AL e 1 5 SOSAZ AR I 645
A, IWHIER R T B B i —— K I A
AT 4 S P b BEL 1 %20 P56 tRNA 5 4% B84 - 1Y 52 1 45
B, A PR ) S 7 {8 PR A ER I ASBE S A (Cannon
et al, 1990), HHEAE R, rplBFIrplXFRik e M,
SO0SWF o s 3 A5 B LI A5 SR, S BIR MR A
luxRs735s-RNATFE Bk B SR XT UK e % 1 88U A B
i, HERIFAEE, TSR TR S A EL
il 238 1 5 SOSHMEIAR I FL45 7, i S0S Y I 7 1 5
THFE THAE B 251, (49 B RE 11 T /%, X ifit
YRR ARAREE ., ZAEULRNE, BT
IuxRos735-RN AT B 7R XT UK JE % 1 I 25 B SR A BT T
B, (HACRIFA W

TR TP BN R R () T s i 2 2, 2802y
Y1) 25 B ML 35 R 38 2 VR FH 40 B DN A 5 it , 14t
YNTHDNARY G AL, M SFENFEPET- (L5 %, 2008),
SERLELIR, TuxRosyss-RNATEE R X 95 10 52 F L IR i
R R S S o, 0 T e R T AR R T
B, 51 S 2440 5 A0 BT A 2 Ak O fin 4 , R B
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AT 51 72 B Ros73s-RINAG TR A X v 50 7> 222 AR AEG R 7R
SR E

4 it

AHIF 58 ) FH RN A A ) g g 7K A=A 7 i PR A
FE VLR IR luxRos735-RNATL, SBUBRAA L, HoluxRos735
MR IA T 96.8%, M5 TEE R /R, SBITE K
FHEE, JuxRos73s-RNAT B R X P K85 28 04 it 245 1 R 41K
128.45% . XA B BT 25 HEREAR T 4.22%, XK
TR BT 25 A TR 245 P AT T 44.25% , ok MR 12 A4 T 24 1 e
K T76.23%, ZFIHNKEGGH ELERB/R, SrEK
AR A T 24 R O T B S S O S B O R B L RS
FAREYA . A, Wb R4k, 7
XAZKE B, AT RE S Mg K R R T 24 PR A DG )
BEIIREFL N FhmetE . ginA . rplB. rplX, rpsA. rpsJ
8, XUETHE B N g A 09 8 RS A0 T AR )RR
JBE S AR B A R G o PRI, HED g K
TR I TuxRos735388 38 98] 42 48 T %) A6 ) BEE O b R O 36 1A
KA AR A G FE R A 2R3, DT R 92 40 TR X6 245
Yyt 52 7k
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Molecular Mechanism of /uxR Regulation of Drug

Resistance of Aderomonas hydrophila

MAO Leilei, YAN Qingpi, HUANG Lixing, ZHANG Meimei,
WANG Suyun, ZHANG Mengmeng, QIN Yingxue"
(Key Laboratory of Healthy Mariculture for the East China Sea, Ministry of Agriculture and

Rural Affairs, Fisheries College, Jimei University, Xiamen

Abstract

361021)

LuxR family proteins play a key role in various important physiological activities of

gram-negative bacteria. In this study, RNAi technology was used to construct a stable silenced strain
Aeromonas hydrophila luxRys735-RNAi. The expression of [uxRos735 in wild-type strain and [uxRys735-
RNAIi was detected by qRT-PCR. The results showed that the expression of luxRys735 in strain [uxR(s735-
RNAIi was reduced by 96.8% compared to that of the wild-type strain. Drug sensitivity tests showed that
luxRos735-RNAI significantly reduced bacterial resistance to gentamicin, norfloxacin, kanamycin, and
pipemidic acid compared with the wild-type strain. The transcriptome analysis of the wild-type strain and
luxRos735-RNAI revealed that there were 1286 genes with significant differences in expression, of which
353 genes were up-regulated and 933 genes were down-regulated. There are four significantly enriched
pathways, which are ribosome, arginine biosynthesis, sulfur metabolism and selenocompound metabolism.
In the four pathways, some important functional genes, including metE, ginA, rplB, rplX, rpsA, rpsJ were
found to be associated with drugs resistance of A. hydrophila. These genes encode the proteins that were
mainly involved in bacteria biofilm formation and ribosomal protein synthesis. It can be speculated from
the above results that the /uxRos735 of A. hydrophila regulates the expression of the genes that encode
bacteria biofilm formation and ribosomal protein synthesis, and then further regulates the drugs resistance

of A. hydrophila.
Key words

Aeromonas hydrophila; LuxR regulatory protein; Drug resistance; Transcriptome
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T BN TR ATMIES wsvl12
HEERMBEER

Eq— dKET FEEY & )
(1. SR SHE AR E R LR =Gl A2 5 Y- i BRI E RO AR R K IR 58
P E S E  HHOHEBKFEERITRESEYRRELTRE  TEK BB 58K o 55 i
B 2660715 2. KPFRFEERELWAFo R TG BBEERSE BB 201306)

mE AR B 3E 4R A AR # (WSSV) Ik A 32 AE wsvl12 4k % it & % 3 & % B B85 (JUTP
pyrophosphatase, dUTPase). W #F % wsvl12 5@ EWEEX &, AR KA BHENLERK Gald 24
MLY% XF 5 (Litopenaeus vannamei) 138 ¢cDNA XCE # it 5 wsv112 BAERfEE & &, L WSSV
MM, M2 pGBKT7-112 181K, #1023 Y2H Gold B/ B & A4l b, # AL kA 5| 1
Fletfa A RE L, RN B EREN B HMEmEE, ¥R E cDNA XE 5% 1H W%
pGBKT7-112 4, Bk E AR WS EAERL e RN, PCR, M F L E£ S RIFHMA
Mm B, KPR ARR BUR AL, B AT E A e A S0 U I 6 09 PR RO 5 I R e 1R L, BT
REW, BERK pGBKT7-112 T B #iEfnd e, A TE R 458 L &40 i An B & 26 5 525
AR E 24N TR, 2 3 NCBI R JE At e, 4 A 09 & & 44 5 B A 3%t R (Penaeus japonicus)
C AUt & £ (AGW27416.1) %0 7 X J& # 4T (Procambarus clarkii) 40S #ZAEHRE G S20 NI HEE G
(ALE99171.1) B4 37%M 98%[E JR . AHF % K wsvl12 By EHLF R EH L E .

XA Xt ¥R B B 4E A A 55 ; wsvl12; dUTPase; BEHF W 4%

FESES S945.4  XEAARIREE A XEHEES  2095-9869(2019)04-0156-07

T B X 52 He R e W) /& R Fields 55 (1989)FEiE 4T
LA S DR 3 Si R 9 I 5 v R R A T R N B 1 5
EAMEERN RS, B, FEHTFREASE

RETL I R 2 L H 1 %% 5 (Ozenberger et al, 1995), T
PR AU AR B o RO | BRSSP
DL, B AR A ) 72 M v 8 SO AR B

A 2 [ R A EAE FH o TR U2 38 R G004 2 A Bk
ST RE LS ) ——DNA 454 18 (DNA-BD) Fl#% 5% 4
TEI(AD), 3X 2 A2 F4 78 4 P AH 5 48 08 s B 7
BeSk, M K AR AR S (8] B AR BB R, A

5 (Yu et al, 2012),

XU BELE A6 T (WSS V)& /K 72 5 8 vh 5
M I, 27K = FRBEA T AL R T B R 2 i itk o
B, FIFOREHE wsv112 I 420 bR 1 4 W iR
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fi#(dUTP pyrophosphatase, dUTPase)(Liu et al, 2005),
H 20 th22 90 4EACTE KM FT 1R (Escherichia coli)H &
B dUTPase LIk, — H N2 AR I#GE, H 2
FEAET EHARZ LY (Y . ). I 2R W) (TR e
M, dUTPase J&—FIK i B, BEAZ K S 2R 1 —
W2 (AUTP), J¥ BB S0 PR T B 12 (dUMP) R TE ML AR
BEBR(PPi), FILALIY dUMP Al JE Jig g fi s e J3t 48 A%
WiA% T = HER(ATTP), dTTP J& DNA & 8AY &8
43, H I, dUTPase %} WSSV (417 B A H 5 11/EH
AEFRK 6 dUTP/ TTP Fefil, ATFEMEK dUTP 7E
DNA & i H 4 A RIS TC , 9820 578 B %2 (Payne et al,
2001;Chen et al, 2002; Liu et al, 2005), McGeoch(1990)
WF5E &, RNEAYH dUTPase 4r T8 2508 K, 15
TE N KU & A 5 A S EARSFIF S, 430508 motif 1(A
GFDL). motif 2 (GKSS). motif 3(GIIDFGYTG) . motif
4 (GQKFAQL) Il motif 5(RGDKGFGS)(¥# il 1ofi 45,
2008), — 2Ly FE U HOZ W SN BE S Y dUTPase
P BhRE SE AR Y p i R, IR S8 L, AIER
I B T IT IR A S (BRI MRSE, 2002; Cottone et al,
2002), dUTPase 7£9p 85 A9 A= i J8 01 o A 4% ke 1) 1
I, {HXT dUTPase 7 WSSV 515 4 i i AH H.AF
FHLL R ik BRI AN TE R -

AT EERE U SR AR WA i 1 5 wsv112
HAERE EEE, MERAWFIE wsvl12 BUThEE, R
WSSV 12 4L 40 i ) i A2 e A R SRl

1 MR57FE

1.1 KFEEEMH

T MR Y2HGOldFTY 187 . YPDARGF3E | 557
Bk [ B K% 3% 3L [SD/-Trp . SD/-Leu . SD/-Trp/-Leu
(DDO) . SD/-Trp/-Lew/X- o -Gal/AbA(DDO/X/A)] .
X-alpha-Gal Fl Yeastmaker'” Yeast Transformation
Systemlly] H ClontechA 7] ; pGADT7. pGADT7-T .
pGBKT7. pGBKT-53, pGBKT7-lam/Fi4 H i B 1 A<
SEUGZARSE 3 E.coli Topl10 ., BB FURL/INE IR A &1
FRARBHE A8 vl 5 207W 75 % R (Ampicillin, Amp) |
- A8 2 % (Kanamycin, Kan)F1 Rz /) 3138570 & 1 A
SolarbioZA 7] ; T4 DNAVEH:ME . PRI A DI A

Thermo”\ ] o
1.2 XBWHZE

1.2.1 FHEEAGHE 4R wsvl 125 H i ORF
W7 A Nde THIPst TRV 55 095 ¥Iw112s (5'-GAC
ATATGATGGACTCATCTGCATC-3")flwl12a (5'-ATC

TGCAGTGTATACTCCTCCACGC-3"), LIWSSVHEHL
[DNA M AR, PCRY 14 H ¥ 51 . PCR™ 4833 1%
P18 B A UEE 5C FEL K R W G [ A %) 7= ) A e 3
IKEARPGBKT743 W 48 55k Nde TR Pst VI 5 , T4
DNAGE B4 4, 0  E4 R kA pGBKT7-112,
P HFEACFIE. coli Topl ORZ MM . Phrpvafe,
AT PCR, i 6 BH M e B 6 A T A TR (i)
A BR2S A0 B AIE

1.2.2 B PP A A b3 A 5t R J’Z3E Y2H
Gold. Y187 Myl £ S AH K H Ak 2P B8 2 I Clontech /&
) Yeastmaker™ Yeast Transformation System %1k T
WEEAT o F IR 1 g T P RN b AL, 54k
WA BIFEE 10, 100 F1 1000 55, 146 -0 4 B
BRlrgRdt b, 37°CRiE 5d, WMEREEAERKEN.

F 1 BAMEFOPAME RS BRI A 1L

Tab.1 Transformation of negative and positive plasmid
Wk Strain Ji ki Plasmid ¥ 37 5 Medium
Y2H Gold pGBKT7-53 SD/-Trp
Y2H Gold pGBKT7-lam SD/-Trp
Y187 pGADT7-T SD/-Leu

S BIPRBCA TR Y2H Gold(pGBKT7-53)H1 Y187
(pGADT7-T)I ARl —A~F4 500 ul 2X YPDA (1) 1.5 ml
BT, RBEIRAT, 30°C, 250 r/min iR FE, 1E
Ry R AL A2 1 BH 4 %6 BE (P) ; LA Y2H Gold(pGBKT7-
Lam)fl Y187(pGADT7-T)VE A BAM:XTIE(N) . K TR i
ik 10, 100, 1000 %5 ¥4 T SD/-Trp. SD/-Leu,
SD/-Trp/-Leu(DDO) ., SD/-Trp/-Leu/X-a-Gal(40 pg/ml)/
AbA(200 ng/ml)(DDO/X/A)KE 53k |, 30°CHI'E 157
5d, MEREEAKEN. N DDO FHRPEEA 2
JOECAT B R RR PR R VE A JE 22 S8R L PR X R
1.2.3 58K pGBKT7-112 F P Fe @ 0 o9 £

JBZ A RETE Y2H Gold il £ S AH K HE AL AL B4
I Clontech /2] Yeastmaker™ Yeast Transformation
System 46T, 4 HAH Ok pGBKT7-112 Fl%3 it
% pGBKT7 43554 A Y2H Gold B2 40l 5410
WA FRE 10, 100 A1 1000 %554 T SD/-Trp.
SD/-Trp/X-a-Gal # SD/-Trp/X-a-Gal/AbA [EI1A& 1% 7% %
b, 30°CHRIE R 3~4 d, WELR FH I RE T4 3 75 10
Boa ., KN, B, TR pGBKT7-112 [
PEFN A A
1.2.4 BEARERiHikY wsvl12 ZAFe9 L H

WIS pGBKT7-112 Bk Y2HGold .53 %
F 50 ml SD/-Trp ARG FE R H 30°C, 250 r/min H5 5%
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%40 %

% ODggo nm 155 0.8, 1000xg B0 5 min, Fi 4 ml
SD/-Trp EEVLIE, fIA 1 ml FEELFAY SCHER 45 ml
2XYPDA/Kan(50 pg/ml), 30°C30 r/min %% & 5%
20h, WIBEWERLEAENL, SALE B ok &
Sermy S RIRARET , 45 R 0 1000xg B0 10 min
J& 1 0.5X YPDA/Kan HAETHE, WL 10 ml BiF
A, 100 ul 107, 1072, 107°, 10 £ (4 i R Tl 7
100 mm SD/-Trp. SD/-Leu. DDO FE#AE;#3E F, 30
CL 1 5% 3~5 ds BRI A WA T DDO/X AR I,
30CHEERFF 5~7 d, HEK B wHE., FHXEMKT%
¥ DDO/X #5373 LA K 1) s €0 e B FE 7% 0 18 ) 1
3 ) SD/-Leu/-Trp/-His/-Ade/X-a-Gal/AbA(QDO/X/
AVEFREE [, 30°CHFE 3 do AR BE A A £ Fh R
K G B4, i A sebETE QDO/X/A b i ik &2
R/

Wi awERS, JFEMT 1 ml
QDO/A R FFEH T, 30°C 250 r/min 1535,
PGADTY7 it 5|47 B PCR, A il 5 €5 e e 4
A ¢cDNA F B R/N, PCR P2y A= TAEY TR (E
A BRA R, iy 25
1.2.5 3435 wsvl12 A AR A iz FR R
Jo s /N B 3 ) 4 IO A A I RE ORL, O A Ak B
E.coli Topl0 EZA4NMe, 2 Amp FIF W PCR fifi
TE S BHE SEREM Y o EHCE A IS T AR R, PR
KR e e TokL, 15 8046 A R B k.

1.2.6 B A XKz EEG g itk — 2 HEBR 5L
K AR BAYE, K RS EI R pGADT7-X #4145
T pGBKT7-112 FHEMN Y2H Gold Ak (%
Bk ARG AN % 2 FiR), LA pGADT7-T+pGBKT7-lam
VERBIPEXT IR, L pGADT7-T+pGBKT7-53 B %t
I, Ll pGADT7-X+pGBKT7. pGADT7+pGBKT7-112 .,
pGADT7+pGBKT7 b= ki X} 8, pGADT7-X 5
pGBKT7-112 L4 L4 7E QDO/A/X #5575 FARA
EREEE N EE, W pGADT7-X FIW AR FH A ;
WA AE K H AV s, 25 BT X BB I3 A TR 7% AR
0 Ay BHE

x2 EIERIHEL
Tab.2 The grouping of reply hybrid

Y2H Gold PGADT7-X PGADT7 PGADT7-T
pGBKT7-112 \/ \ -
pGBKT7-lam - - \/
pGBKT7-53 - - d
pGBKT7 Y \ -

e VA R

Note: V denoted positive; — denoted negative

2.1 iFESENHE

FIREAR pGBKTT F1 wsv 112 SUAFI 4 12 5 b 2
RCEE A FORL, BRVE PCR AGTZSSRANE 1 fis, 41
7£ 1500~2000 bp Z [0] 5 BES AT, 5 wsv112 brifE
JPHIXT LS5 O 58 A8 MRS D I 4 .

M 1 2 3 4 5 6 7 8

1500

750
500

250

100

B 1
Fig.1

M: DNA FRifE5r Tt 20005 1: BIPERS AR 2~8: ALK ;
M: DNA Marker DL2000; 1: Negative control
2~8: Recombinant plasmids

T2 K pGBKT7-112 Hiilk PCR i)
PCR identification of recombinant plasmids

22 BEERAEREEESTR

¥ pGBKT7-53 . pGBKT7-lam. pGADT7-T#: 1k
AN R AR S, KRR BE10. 100F110001%
URAT BN A BRI SR B, 30°CHEFES d, AR
HVE A KA, G5B 2A~E2CHT R, H—Rh bk
AERARETELE, AT TR S5 Pl v b i ik
Y2H Gold(pGBKT7-53) 1 Y187(pGADT7-T) i 47 4%
&, YE MBS IR s Y2H Gold(pGBKT7-Lam) 1Y 187
(PGADT7-T)F% A J P X B, U A B A0 0L B ffe i 4
RigeIk B, 30CHFE5 d, MR EARKEN, 4
WE 2D~EI2F BT /R o BT B8 B AR FEDDO/X/ AR 77 3
EAKH AR, BLEHZ R AT LU ADARIX- o
-GaldR 5 FE PR, ] A kg BE X R 5 B X B B R A
DDO#; 4k [AEK R, #EDDO/X/ARG 4 ok
AR, VLB BIPE B AR AS BB ADAFIX - o -Galdfz 15 3
B, AR SR BT IR

2.3 FEEESHENE RGN

B8 T YA TH A pGBKT7-112 F1%8 Bk
pGBKT7 43 5% A Y2H Gold J&Z 2400, 30°C 13
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B2 Xt BT AR A AS [ B B0 IR B A9 A AR L

Fig.2 The growth of control groups on different culture medium

A: pGBKT7-53 #1kF| Y2H Gold 7E SD/-Trp #5573 I; B: pGBKT7-lam #%fk 3 Y2H Gold 7£ SD/-Trp #5574 I ;
C: pGADT7-T ¥:4k3| Y187 7£ SD/-Leu 353k I3 D: FHM:XIIEAE DDO/X/A B35k |
E: BIMEXBR7E DDO K550k 15 F: B HR7E DDO/X/A HiFi ik |-
A: Y2H Gold transformants with pGBKT7-53 grow on SD/-Trp plates; B: Y2H Gold transformants with pPGBKT7-lam grow

on SD/-Trp plates; C: Y187 transformants with pPGADT7-T grow on SD/-Leu plates; D: The positive control grow on DDO/X/A
plates; E: The negative control grow on DDO plates; F: The negative control grow on DDO/X/A plates

B FETSD/-Trp. SD/-Trp/X. SD/-Trp/X/ Al {415 %
IS diE, WMEEE R A KR BL(EI3A~EI30),
GESR LM, BT R ATESD/-Trp. SD/-Trp/X3¥55: 4 |
HK, 7ESD/-Trp/-Ade-XI5Fi kit F A WIEAK, U
WAZS TH SORAS RE JTG Abadft A 22 8, 0 A ks &
A pGBKT7 KL i) 18 ¥ F17% A pGBKT7- 11219 14 7% K
JINFIECH 22 0 R (I 3ARTE 3D, i BH 75 15 B Rkt 32
B, oI H TR

2.4 BEWZELZHES wsvl12 BEHER

T4 1 22 38 TR IR A FF TR A 78 DDO/X [ 1A% 37
H I, 30°CHIFR Sd . HRK BT GRS
FH ST E IR A QDO/X/A WA FRIE |, R E ik
3 WA, A3 E] 526 HRiE @, FIH pGADT7 i H
S1YP 14 PCR kg (se pErh i A m R Be, 4 PCR
FEMII Y, AT LT 6 RREA B SRS, H
Ty 1-5, 4-7. 6-35, 8-23. 8-39. 8-45,

2.5 BEERZWIFEEER

Bk 8211 6 A~k pGADT7-X 5 pGBKT7-
112 JLRFE 3] Y2H Gold BERF B b A T[] 52 J1 A8 5
55, [RIEE, BER . XTI A Zs Bokixd R4l , HR

AL SLI A FAN K 4 Fran, BHPEXT B (pGBKT7-53+
pGADT7-T)REWS G 5 R R i5, 78 QDO/X/A
Wik LR Ak BIPEX B (pGBKT7-lam+
pGADT7-T). %5 FBCRiIN} B (pGADT7+pGBKT7) AN B
WS SR RERIR, 78 QDO/X/A Ktk EAEK s JIE
W ST 96 ik R 564 . pGADT7-1-5+pGBKT7.

pGADT7-4-7+pGBKT7. pGADT7-6-35+pGBKT7,

pGADT7-8-23+pGBKT7., pGADT7-8-39+pGBKT7,

pGADT7-8-45+pGBKT7. pGADT7+pGBKT7112 [Fh}):
FIHRAE QDO/X/A 55373 E AR 45 1-5.4-7
6-35. 8-23. 8-39. 8-45 K& wsv12 KRG A M.

pGBKT7-112+ pGADT7-4-7 . pGBKT7-112+pGADT7-
8-23 HIRAEWSTE QDO/X/A HEFidk FAEK ke
B, I wsv112 5445 4-7 F1 8-23 FEBEMS A AR
pGBKT7-112+pGADT7-1-5, pGBKT7-1124+pGADT7
-6-35. pGBKT7-112+pGADT7-8-39. pGBKT7-112+
pGADT7-8-45 Itk AN AEFE QDO/X/A BiFdk B,

Vil wsvl12 R 545 1-5. 6-35. 8-39 Fil 8-45 fj3k
IR E AR o 28 bRk, Ao w2 A BHvE B
K, S5k 4-7 FI8-23, I 43 HL 3 R 4 A5 2
F143 5 5 B ASHEXT BR (Penaeus japonicus) C BIEEHE R
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K3 MR pGBKT7-112 ¥ 5% H Sk AR
Fig.3 Assay of self-transcriptional activation and toxicity of pPGBKT7-112

A: pGBKT7-112 ¥4k %] Y2H Gold 7£ SD/-Trp ¥55%% I ; B: pGBKT7-112 ¥4k %] Y2H Gold 7£ SD/-Trp/X 53# 3k | ;
C: pGBKT7-112 $#4tF| Y2H Gold 7 SD/-Trp/X/A $i 374 L5 D: pGBKT7 §#4L%| Y2H Gold 7 SD/-Trp 15373k I
E: FHPEX BRTE SD/-Trp/X/A Hi 52k b5 F: BIVEXTIRYE SD/-Trp 3537 4E I
A: Y2H Gold transformants with pGBKT7-112 grow on SD/-Trp plates; B: Y2H Gold transformants with pGBKT7-112
grow on SD/-Trp/X plates; C: Y2H Gold transformants with pPGBKT7-112 grow on SD/-Trp/X/A plates; D: Y2H Gold
transformants with pGBKT7 grow on SD/-Trp plates; E: The positive control grow on SD/-Trp/X/A plates;
F: The negative control grow on SD/-Trp plates

Fl 4 [ 243810 16 P54 TE QDO/X/A A L A= K A1 il

Fig.4 The growth of 16 transformants on highly selective medium in retest

1~8: Y2H Gold (pGBKT7-112+pGADT7-4-7, pGBKT7-112+pGADT7-1-5, pGBKT7-112+
pGADT7-6-35, pGBKT7-112+pGADT7-8-23, pGBKT7-112+pGADT7-8-39, pGBKT7-112+
pGADT7-8-45, pGBKT7-53+ pGADT7-T(P), pGBKT7-lam+pGADT7-T(N)
01~08: Y2H Gold(pGADT7-4-7+pGBKT7, pGADT7-1-5+pGBKT7, pGADT7-6-35+pGBKT7, pGADT7-8-23+
pGBKT7, pGADT7-8-39+pGBKT7, pGADT7-8-45+pGBKT7, pGADT7+pGBKT7112, pGADT7+pGBKT7)

(AGW27416.1)F15¢ [RJFREL R (Procambarus clarkii) 40S
M ARE I S20 /ML F1(ALE99I171.1) HAT 37%F1
98%I1 [ml P 1 o

3 g

Sy — R wsv112 75 WSSV {2 435 F i il 1

FHBLE, ABFFELL wsv112 R A F iER: W50 H
RN ESTEFHIE cDNA SCEFiEH S5 wsvll12
HAEWEH . B wsvl12 WFFFIE RS [ 944
AR IR AR I A S Y2H Gold BRI b, WigE
PAARTEAS [l Bl i T 5 72 2 b B 2B AT O, UEBH 5 1 2k
A AR, TR R O 2 28 R i i 5
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FI b B FR 3L | B R N . PCR R | 11453 %38
SIS PR B A O PH A e, RS E] 2 S
wsv112 BAEMEM, 53005 HARFEXT R C BIBELE
FOM L (R ES AR 40S BRI (1 S20 W 38 2 A W]
Dbk

IR AL AU s shi ik ¢ MR
FEERAL, FHEEA R AR R IS C
HIBEAE RS (CTLD), itk, Bk bt —2
APBNZ A, 7858 R AR R & 5 3 ZAE ] (Weis
et al, 1998; Dodd et al, 2011), HN4HMIAER . By ARG
BB 251 T AR | A M R B A FH A5 (Lis et al, 1998;
Koizumi et al, 1999; Yu et al, 1999, 2004), F Lk C #I
HEAE 2 0 HA W sh 8 1 E I (Luo et al, 2003;
Sun et al, 2008; FEHLEE, 2012; T4414%, 2013), X8
INEE (Vibrio anguillarum)BUE ) C BB R AE YL Y
IR FEAE R, &% WSSV BUS Y C B ¥EdE 2 78 K
Yo s WA (WS, 2012), dygbHEM, wsv112 A
REAE YL Y 5 1 R AR

EWE RS T A A it AT A A 5, 2R
HEREMNEAZIRE S . WIL P AR
79 MZAEATE I (RP)FI 4 B RNA 41iE; Hirb, 408
KBERAL S 32 FF RPs, 60S WA S A 47 Fh RPs
(Wool, 1979; Wool et al, 1995). F1T M40 14 5] 55 %5 2F
VI 2 R b R AE , R E 2 R AT 4y Tk
R EZERD T T AIKIAR 79 4~ RPs 2454
HWIUIREH O ARG, L TH W RPs, BIRE
H—UEESY, (H AT 408 BOBHA R S20 WHEEH
HI S5 R D) REIR A T ff B . ARG 002 408
B ARE H S20 WAL H H & C BIBEER S wsvl12 (1)
YERT, Rik—48m WSSV R ALk AL T — 4
BrkR, HANEAE LSR5k — 5T
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Abstract

201306)

The ORF wsv112 of white spot syndrome virus (WSSV) encodes a dUTPases. It plays an

essential role in nucleotide biosynthesis. Hydrolysis of dUTP by UTPase produces dUMP, required for the

de novo synthesis of dTTP, and maintains low cellular ratios of dUTP/dTTP, thus preventing the

mis-incorporation of uracil into chromosomal DNA. In order to identify the host interactors of wsv112,

wsv112 was cloned into the bait vector pGBKT7 and used to screen an intestine cDNA library of

Litopenaeus vannamei, which had previously been constructed by yeast two-hybrid sequencing

transformation. The positive clone was identified through different culture media, color change,

polymerase chain reaction (PCR), and sequencing. The result showed that the bait plasmid pGBKT7-112

showed no virulence or self-activating effect on yeast strain Y2H Gold. A total of 526 blue clones were

screened, which were analyzed by PCR and homology analysis using the BLAST in NCBI, and 6 possible

interaction proteins of Litopenaeus vannamei were obtained. Then through the Yeast two-hybrid reply

hybridization experiment, only two gene interactions were confirmed with the wsv112. They were

identified as lectin C gene of Marsupenaeus japonicas (AGW27416.1) and 40S ribosomal protein S20
gene of Procambarus clarkia (ALE99171.1) with 37% and 98% identity. This study may provide a
theoretical basis for further study of the wsv112 interaction mechanisms.

Key words

WSSV; wsv112; dUTPase; Yeast two-hybird
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K, HESNK I KA M, SRR K s 0 ke
T2 5 di A= Wyt . Fitzhardinge 25(1989) M4 1 1R %
+ . BRI 3 FAR A YR ORI AR
VI E SR r o T IEZES (2015)%F [ 5 A T fafk
(RN G AR R TS IF IR R T, R T 280k b 3 A TR 06 A Afe
A 1 B 2 1 A e R A B AR A R

BT, ARG A T AR a8 fF A 2%
(EL7E [ NS I Bh ARk ) TR 268 N T R R o) e T
XoF B A W A i SR S I AR D . AR SR i X
FEMRSESS, 40T T RERRER KR . BRI DL TR RE R
K IR FBINL 3 P TR T A AR A B B 2 R
K H 6 A WIS 2540, LAY A N T R A R ) i
FA S WETRE BN 5 A TR AP e F R AR 2%

1 #REFE
1.1 HEREFHE

3 b N I o R A i 5 3 3 ik R K TR AR (P)
N DL 78 Ry BE R £ K Ve HE MU (S) PN ML (F), A Fl B4Rk
HEMCHIAE 36 (3R 1) 18 i R R /K e AR s i D
SEMYRER EL K VS HEARTE 2017 4E 4 H 7 HHIWEI G
WATFRY, FRPJEWYI R 28 d.

1.2 SCIGiEdE

2017 4% 5 H 10 HEEINARA T S A A MERIRE L
1.3 HEHERFEHEFE

B3 FhAERHEAUT R 2054 3 B AR A AR

I, ERARAE L 3 AR, ARG N DIRE T DL
0.5. 2 F19 mKFELb, 2017 4 7. 9. 11 FH1 2018 4
1 A 5 i1 7 B 2 AR R o R UCRAE R LM R Y 4
MAHL 3 RS, RARRRR IR QAL )
(GB/T12763.6-2007)i#t47 . RAEHIE i A BB AR N TIT
FH 5% H RS WL, ol ] S 6 28 M 2 T o

1.4 HESHT

Shannon-Wiener ZF:P:F5 50 (H") Ml Pielou Y2
BEOWITHE ALK,

H’:—ZS:(n/N)logz(ni /' N)
i
J=H'/log, S
A, SOUFEMBIMZEE, NOUAER IR R,
n/N RS i P B SR BRI, o
PEFREL
HE MR AR:

n.
Nfl

K, n/N RS @ RS RE SO A
S ZF AR LR . S Y=0.02 I9AEY)
E NPT, Y=0.006 B4 91 E N HE WRD .,

K H SPSS16.0 H A4 kAT 3 43 43 B M e it 43
BT o T2 B 430 BT i 2 AR P A8 24 1) JELARDH: 22 1R B O B
(A IO 2 0 B B AN AR D I 25 B Fa b o BRI R 22
53 #7(One-way ANOVA)K I ZH N 25 5%, P<0.05 R
SE,

*1 BHEERRTRYE

Tab.1 Size and quantity of artificial reef
112 Type of reef 85 Code ) Size(cm) 2031 Groups

il fERR £ K Jé Ordinary portland cement P 20x20x3 12

TR 5E R L AR R K8 Scallop portland cement S 20x20%3 12

AR TIron plate F 20%20x%0.3 12
2 &R (Perinereis nuntia) . 5% 3 4 ¥F (Ampithoe valida) .
E H ¥/ MR (Sunamphitoe plumosa) . 8k A (Balanus

2.1 FRAM

ARUFTRERE 4 UCRERER, UE MG R
69 F(K 2), Hrr, B OF ZEA, 1250, Bk
Wr1s A WEEsh 25 B, BEEEShY 3 Fh . B B
VAP BRI 1R WFshP 1 RN RIS 2 F
AW P EFR Ry 22 FF U (Caprella sp.) FE4EWE(Ostrea
plicatula) . 250G U (Mytilusgallo provincialis). fLAf12%
(Ulva pertusa). & S MU EF(Stenothoe gingdaoensis);
WL AP R PE 75 B8 (Thais clavigera) . Th ik Bl Vh 7

amphitri teamphitrite) . Jiti [ 3¢ B ) U8 (Hyale

schmidti)% o
22 ERHDHW

WA 3 FATRLN & A= ) B IR BOE FE, J 3 3 A
RO AT AR AR R AR A JE R B
B FRIE(E . STERARAMAARAES WAL 3. K 3 ATL
B3 AR O 1 B AR RN AR — L
(EHA S B o3 v R B A= R A7 A 25 5



%43 TR H RN T AR ATREXT B A I v R B R 165

*2 FRMBALGSHBERMEEYIHE

Tab.2 Species of attachment organisms on different-material artificial reefs

2 N T 7 #1 B} Material of artificial reef

Species WM AR ER KR P M RERRER K VR HEAR S MR F

W&
T+
g 1 b
17RiE=Y
LAY
T
R RS
ZLRE 1 A
AR R
e 2 e v
Z e E il
LLan
(B3] A5 A iy
A L
IR 7 BE IR
FRIEEL 1 Fip
KV W
rhAgiE %
e
H & AR g AE
E H B IF
S M A I
RIT /N
Jiti [ 3% 38 44 R
LIPER AL
R R R £ R
e e A
HARE
IR
e
TG
ZEEE
AR IE R
8 1| RS2
FER
LAz
Azl
Kz
%
548 ) it o
TR f
GE RS
EAS RS
A
H 2 b #x

Enteromorpha prolifera
S. pallidum

Phaeophyta
Entermorpha intestinalis
Gammarus

Perinereis nuntia
Tambalagamia fauveli
Amphileptidae
Phyllodoce papillosa
Ophiodromus angustifrons
Tharyxmultifilis

O. plicatula

Cadella narutoensis
Placopecta magellanicus
Hiatella orientalis
Janthinidae

Grassostrea gigas
Hemigrapsus inensis
Cellana toreuma

S. gingdaoensis

S. plumosa

A. valida

Chthamalus challengeri
H. schmidti
Jassamarmorata
Liljeborgia serata
Balanus cristatus
Grandidierella japonica
Pyrhila pisum
Porcellanidae

Ilyoplax deschampsin
Bugula neritina
Ophiactis affinis
Haliplanella luciae
Heterosiphonia japonica
U. pertusa

U. lactuca

Ectocarpus sp.
Sargassum thunbergii
Sthenolepis japonica
Lepidonotus helotypus
Perinereis sp.

Pernereis cultrifera
Phyllodocimorpha

Neanthes japonica

+ +
+
+

+ o+ o+

+ o+

+ o+ o+ o+ o+ o+t

+ o+ o+ o+ o+ o+ o+ o+
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166 woo B o M )R 540 %
gR2
BN N T faffE#r % Material of artificial reef
Species AR B KR P M REBRER K VAR S AR F
i M. provincialis + + +
S5RMEDL Pernaviridis i _ N
W Mitraferruginea Lamarck + + +
PEFHBNE T clavigera + - +
k4142 Rapanavenosa + + _
FIL LR Nassarius festiva + _ _
MR Littorina brevicula + + -
EF A Caprella sp. + + +
LU HEAE B.amphitri teamphitrite + + +
KBS Photislongi caudata + + +
SRR HANE Podocerus tuberculosus + +
IR Planocerareticulate -
BRI NF Eogammarus sinensis + + +
PRI WY Jassafalcata - + _
%2 H 1 Isopoda - n _
WRERFE Corophium sinense + + _
RERIT /78 Hemigrapsus sanguineus + _ _
HWEYN LB Raphidopus ciliates - + _
fLEH 1 F Membran iporidae + + _
M EE B Bugula californica + + +
T8 1 Ff Ascidiacea sp. + + _
JKIS Hydroidae + + _
M SCSE-iR HL Planocera reticulata + + +
*3 MIEBEVHEENSSNEREMEEYK FKINLE
Tab.3 Principal component analysis results of attachment organisms and species
fa kR o , TR .
BIEH ey g VR ey
Material of Component  Eigenvalue Contribution Representative species of attaching organisms
artificial reef p & rate (%) P p £ 018
o 3 ik R Y 1 3.406 42571 KH4LUG O. plicatula EVG DL M. provincialis ZZFT 1, Caprella sp.
KA P M AAE A. valida
FEHIT 2 2.139 26.732 5 O. plicatula . 250 M. provincialis . ZF B Caprella sp.
EWor 3 1.366 17.081 LA 2 U. pertusa Sk B VS 3R P nuntia KB 5284 Photislongi
caudata
B LG 1 3.785 42.051  FHWG O. plicatula. SRR S. gingdaoensis. G M.
KV HERR S provincialis . Z#F B Caprella sp.
EHisr 2 1727 19.190  #34t45 O. plicatula. 8V M. provincialis . BU¥EAT B.amphitri
teamphitrite
FHr 3 1.386 15.396 B H WU S, plumosa, fLAEE U. pertusa. BUEEAR. B.amphitri
teamphitrite
LI 4 0.979 10.878  FLAZE U. pertusa. #8415 O. plicatula. 50801 M. provincialis
WA F EMI 1 3.285 36.505 LG M. provincialis . ¥ 1, Caprella sp. . T B VY% P nuntia
Bl B IG Cadella narutoensis . 5 SHEHEF S. gingdaoensis
ERI 2 2.146 23.847  FHFFH Caprella sp.. T SRR S. gingdaoensis. 23 W H K
Bugula neritina
£ 3 1.772 19.687  FFFih Caprella sp.. ¥ SHUF S. gingdaoensis . K FRAEHHF

Photislongi caudata
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3 AR AR K P AR BRI 3 AT, 34 E
AT RELUTTHR R IE 86.384%, FE5E 1 WA, #
Tif 2B K S o i 4 0, 53] 0.860; 7E5E 2 &
B, e R R ARG, Sk 0.844; 1E
553 B, B REUR K ik B A, s
0.729,

W REFRER K U HE AR B 4 AR, 4 A E R
A BRITTERR L 87.516%., 1658 1 /M4 F, Hifr
RBURK MY EEZFT R, 155 0.981, AR KZ,
J0.974;5 (e 2 FRH, B R BRI RS
W5, k%] 0.746, KGR, H0.656; 7E55 3 FAL
s, B REUR RIS E H IR, 85 0.774;
FESE 4 ERU T, BT REUR K ISE KR UL, 2 0.609,

BAMRECH 3 SRS, 3 A RSB BB
ik 80.039%. FE 1 ERU T, i R B KA 2
NI, =ik 0.925, RIBARIRRZ, H 0.914; £
2 B, B REUR KM EZERER; 8 3
FRAH, SRR BT R AR R, O 0.696,

2.3 MEAHEREME

LR 4 UORSERES, K RERRER KU HEAR Bt 5 44
YIRS 25 (53 Al , 3 B AERRER K R HEAR IR Z (51 Fil),
INRAR (31 Fin) o 4% H 437, 2017 4E 7 A K& LE W Fh
B RERR ER K Ve AR e, AR AR 9 I A=
Y Fp A IR BE R £R K Ve MR IR, AR A 11 H
Bt 25 A= R B LR ek R SR K Ve FE AR R e, ARG 5
2018 4% 1 H M& AR LI A dee i, AR RR Eh K
PeHAMREARGER 4),

x4 TRAMBATSBERNMEEMMELE
Tab.4 The species of the attachment organisms
on different artificial reefs

N T AR W5 A Fh 2k
Material of Species of attachment organisms
artificial reef 201707 2017-09 2017-11 2018-01

T R
. 33 17 19 18
KJeHit P
MR ER K e S 38 25 20 16
WAk F 21 12 6 20

R 4 UORSERES, WrE IR KU Hi A 738
AW B K (4717.50 g/m?), R 1 ek 1R R /K Ve 4
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Tab.5 The biomass of the attachment organisms
on different artificial reefs

WiE o A Wy
Biomass of attachment organisms (g/m?)

2017-07 2017-09 2017-11 2018-01

N Tt ffEpr ok
Material of
artificial reef

e ik R R
[£] I PAC T,
§ 9.88 4801.09 4766.41 907.09
K HERT P

e ER

R 7.92 7585.13 10246.10 1030.84
IKPEHERT S

MR F 21.59 347.16 214.65 72.02

25 BEESHEN

M 1a AT LIFE 1, Shannon-Wiener ZFEPEF5 4L
(HYTE 2017 4 7 A 0 e R Eh /K e HEAR (2.41) >
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Effect of Different Artificial Reefs on the Community
Structure of Organisms in Shique Beach of Qingdao

WANG Zhen'?, GONG Pihai®, GUAN Changtao®, LI Jiao>", SHI Baibai'*

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

Abstract To study the structure of organism attachment on artificial reefs made of different materials,
we prepared artificial reefs with three types of materials: Ordinary portland cement(P), scallop shell
portland cement (S), and iron plates(F). The artificial reefs were exposed to the marine environment near
Shique Beach, Qingdao, in May 2017. We collected samples to analyze the effect of different reef
materials on organism attachment on the artificial reef in July, September, November, 2017 and January
2018. The results showed that, in total, 69 species of attached organisms were identified. The numbers of
species on ordinary portland cement, scallop portland cement, and iron plate reefs were 51, 53, and 31,
respectively. The dominant species on the ordinary portland cement and scallop portland cement reefs
were Caprella sp., Ostrea plicatula, and Mytilusgallo provincialis; the dominant species on iron plate
reefs were Caprella sp., M. provincialis, and Stenothoe qingdaoensis. Biological attachment peaked
between September and November. We found the highest average biomass of fouling organisms on
scallop portland cement (4717.50 g/m®), followed by ordinary portland cement (2621.12 g/m?), and iron
plates (163.85 g/m®). In July 2017, the Shannon-Wiener diversity index (H’) of fouling organisms was
observed to follow the order P>S>F; in September 2017, the order was S>P>F; in November 2017, the
order was P>S>F; and in January 2018, the order was F>P>S. In July 2017, the Pielou evenness index (J)
followed the order F>P>S. In September 2017, the order was S>F>P; in November 2017, the order was
F>S>P; and in January 2018, the order was F>P>S. Our study showed that scallop portland cement
attracted the largest biological species and biomass, and was most suitable for organism attachment. This
study provides a reference for the evaluation of the characteristics of biological communities attached to
artificial reefs and the selection of artificial reef materials.

Key words Artificial reef; Organisms attachment; Communitpy structure; Diversity index
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&R

2.1 FEHEHA

BERE 102 /> G (o (AR 73 5 R 4 1 v A o 24 (I 1),
RIS R, JeEiREH N 48 B
854N, AT ALY 83.3%, HE LA E sk M
Ay AR H 2n=48 (£ 1),

2

R1 MIBEBREMEYE

Tab.l1 The chromosome number of C. lucidus

PAAAREH (2n)
Number of chromosomes
SRAHECH
Number of metaphase
I 5 A S (%)

Percentage of metaphase

<46 46 47 48 >48

1 6 85 5

49 098 5.88 833 49

2.2 FEfizE

TR 20 DMECH e % . AWM BB 2 S5 R
A o ZUAH SR T RS RN A, JF T FLAR R B R
o, S5RILER 2, Bk Mg gy AR LU(ES R oo,
i A R e R (0 ), AR B Y LR (5.694+
0.514)~(3.039+0.161) . Hi 3k #fg 7 fa 19 4% B8 XUk
2n=48, 48t, BFH NF=48; RLBFRMEY Ak, b
AR Y R R U IR (B 1)

R2 BAIEEGEERMBEIHCEE LLECHIELhRERE)

Tab.2 The relative length and arm ratio of chromosome C. lucidus (MeantSD)

TR LERSRNE S i Py %> FAXREE B |
No. Relative length Arm ratio Type No. Relative length Arm ratio Type
1 5.694+0.514 e t 13 4.092+0.102 0 t
2 5.269+0.412 o0 t 14 4.049+0.097 co t
3 4.989+0.278 o t 15 3.970+0.119 co t
4 4.795+0.125 0 t 16 3.893+0.101 © t
5 4.671+0.115 0 t 17 3.831+0.103 © t
6 4.586+0.109 0 t 18 3.759+0.120 © t
7 4.490+0.101 e t 19 3.689+0.123 0 t
8 4.404+0.098 o0 t 20 3.617+0.144 co t
9 4.326+0.089 o t 21 3.522+0.140 co t
10 4.267+0.079 o t 22 3.409+0.134 © t
11 4.212+0.079 0 t 23 3.274+0.151 © t
12 4.153+0.090 0 t 24 3.039+0.161 © t
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Tab.3 Karyotype of some marine fishes of Perciformes
7 i PORAR ey THEREH 2% ik
Fami . 2n Karyotype Heterosomal
amily Species f NF Reference
ormulae chromosomes
GEeR Ao 48 48t 48 KK AR UE-I] 45(2003)
Sciaenidae  Larimichthys crocea 48  46t+2st 48 K&k 4 1 T45(2000)
/N Larimichthys polyactis 48 48t 48 1 XMYORAEIRGIR 4R %(1994)
H . Albiflora croaker 48 48t 48 G I XMPAAAREGR  E8R(1994)
48 48t 48 3 XQOMAWLGR W AE(1996)
B¢ B UG 44 Johnius belangerii 48 48t 48 1 XMREEAERGIR 4 RES(1994)
) . T2 (1998)
5| & ni
S 4 Sciaenops ocellatus 48 48t 48 KEM B (2012)
fife £ 48 48t 48 KA FH 5 45(2016)
Miichthys miiuy 4R 45 (2018)
48 2m+2sm+44t 52 KKk FBRAL(2013)
SR B B t8 Nibea miichthioides 48 48t 48 REM FERE %(2006)
WS C. lucidus 48/47 48t 46t+1m 48 X X XoXo/X XY Zhang %:(2018)
48 48t 48 KRAEH RWFFE
%1k K HEWE 10 Siganus canaliculatus 48 48t 48 K&k #FBE(2010)
Siganidae
g fapt WA Sphyraenus 48 48t 43 K&k M4 45(1995)
Sphyraenidae
HERL A6ty Lateolabrax maculatus 48 48t 48 KKRH T4 R 5E(1994)
Serranidae  -LAF A BEM Epinephelus septemfasciatus 48 48t 48 REM R S-45(2010)

/NI T E(1979) 3 1k %o £ 28 Yo (AR B 55 3 1F
7%, TE Gosline(197 )X /i AL ST I Al I, K BB

7 RARNLZE . AR 228 =AML SERE, L

KRR O 7 s, 1 42~48 AT, 1%
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{d 2n=48, M BIYL{OR(m BIFT sm Bl)/b, A BIyL{n,
PR (t BURN st B2, H F 8 R vin il ok g AR (1 ),
B ekt E gL @RS H S 2n=48, HAEN
t BUYL AR, NF=48, 756 MR & A7 2 BF R R RRE .
FFERESE(2006) N A TERE AL 26 e, YL il
H 2n=48 H4&HN t ol st Je AR iy 2 iR, it
FIRE, Bkt A Y R AE R AL s TR IR A% R,
O A R 8 K a2, £5 5 B G A 8 i g K fa
KA 64 Fh, Hoh, B H 45 Fir, 2n=48t YA 25 i,
i 55.6%, ULBASTIE B K A TR RS e, KB
mETEARBRGZR, SEEHSEEHREZH A
AU AR R L AR A AR 7 SE A RV A 0 35 25 e (O
45,2009), X AIAE S ARANE NI EE IR E A
K, B RRIE R IR AL,

ARG K R IR K R RG E , (HE5 0 5
AL FRANE R 52 2%, Wb A% B il A 3 B e
CAREA, HIREZALE S P S0 B 22 E
SEIE AR B (MRS, 2000), A0SR 3 R, A
R TR R Y IR L)L 2n=48t NF=48 N F, 51
F 1 Bl iy K 68 15 T (Siganus  canaliculatus)(FF 355,
2010), AR AR AIIR . (Sphyraenus) (W ¥4+ 5%, 1995)
VL % B8R} 1) AL 85 (Lateolabrax maculatus)( ¥ 4 2 %,
1994) 5 A% 8 — 30, i W g 3 S A AL AL B (R ST
PERE R M, X 0] g 5 A AR EE AR E LU AR
Yy AR AL R AT OC . AW, ik Mg A0 A%
NN 2n=48t, 1fi Zhang 45 (2018)F 55 Fr 15 Hf Sk A 5
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AN R AE H [F]— R A% A BT 25 S R R UL, 6 an
3 A Y K A Rt i AR A5 R A AT AN — B
PR, X U6RA A% B AL A Z2 8RR A, AN R 353 A
[ — A A BN —E Al A, SER 22 B3, Wrlpe
SR G RS R G A e A B
IR SK A B A0AS [R) M B4R, R R B R R
W MR, S8 S AN R ik — 20 4 A R R Sk A
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Karyotype Analysis of Collichthys lucidus

LIANG Shuzhang'?, SONG Wei'?", JIANG Keji'?, CHEN Wei', LI Yu'?, MA Lingbo'

(1. Key Laboratory of Oceanic and Polar Fisheries, Ministry of Agriculture and Rural Affairs, East China Sea Fisheries Research
Institute, Chinese Academy of Fishery Sciences, Shanghai  200090; 2. College of Fisheries and
Life Science, Shanghai Ocean University, Shanghai 201306)

Abstract In this study, the metaphase chromosomes of Collichthys lucidus were obtained from
kidney tissue by the method of PHA and colchicine injection-air drying method. The experimental fishes
were taken from Ningde coast of China. Because of their strong stress, we adjusted the drug treatment
time (PHA: 6 h; Colchicine: 2 h, 5 h). In order to identify whether there were heteromorphic
chromosomes, we separated the female from the male. The results showed that there were 48
chromosomes in C. lucidus and its karyotype formula was 2n=48t, NF=48. The relative length of
chromosome was in the range of (5.694+0.514)~(3.0394+0.161), which suggested that C. lucidus was in
accordance with the original karyotype of perciformes and the higher group of fish evolutionary taxonomy.
Sex chromosome, satellite chromosome and secondary constrictions were not found in C. lucidus. This
study provides basic data for cytogenetics and germplasm identification for C. lucidus.

Key words Collichthys lucidus; Chromosome; Karyotype
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KA SE(2017) 7 11 S el o BL 3 4y B 10 g
B ULEESK, & HA 100 ml /K ZEE, 60°CHHIEK
WBREIK 6 min, flE, TR 2 Wk, iduE. BRI
B 08 DU TR A . R B B 25 SR BOF- 39 1A
1.4.3 B T ¥ R4 fifgfif T 25 2 81 5 PE45(2009)
FEIAE M ekt . KRR I 4 R DURR R A A 20 %
PRFRIZE IR, A A i 2 G BEA T 1E 2 Tl A 5250
fgfoc e LiE, SRR ZE 100°C KR 5 min, %4
FEFEIRLIG, 3500 t/min B0 30 min, _F R ED G
R o TS T A P RS A IR A S R
LRI, 2003).,

1.44 #4560 & T RAE ROk S ik
VR R VEAT T ARAL, S Jm o DA DL 5 ol & 1Y)
CaCly ARG, SRJG M2 Gl AR pH MR
FER R VAT TR R ANE R L AL, i EDTA 7
FERIES AR I, i TR E SR T2,

145 SARBRAmHH  rnIBUE VAR AR | T
WA A EZSREA R, R SYKAM 42 [ ghad
R HTIX S-433D M TR IERRAL LT (FHESE, 2016).

2 ZER55H

2.1 PREEMERSH

Fe DURR MR AS R 10 2R IsAe B UG, B
VUM ARG &5 R R Ak, AR T — 2 Wi,
IF HIRRIRIE R, IR DL AT A SR

22 IEXRER

1E A2 S PR [B] . B A . WA pH 4 N
RN, 2013), i 1050 56000 A 15 3¢ SE 56 1 [ 3
UK, FEMPEATIERE 258 . [ i 8 A i
R5AKTPHA WL 2, IEACLEE5 R IE 3, Bikck
Uk, M pH Msgm e 228, JLUCRBHRIRE, 1M
Fif ST TR) RTINS MRS, SEHe 28 L 581 K PE45(2009)
MR 25 AR & o AR IE ARSI A 25 1, e i
AR AT BN DR R i 0.15%(wiw)
A 25 EAM, /v pH=8, ¥ 65T, M# 7h
JETE 100°CAA M 10 min K, BIF53] 5 4 2 5%
Fisf i, IERRFL L RIK 77%.
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Tab.1

BAE XM EHmENSE

Degreasing times and sample fat content (%)

RN 2
Non-degreasing
scallop skirt powder

#1 ¥l Raw material

L R RG24
One time of degreasing
scallop skirt powder

2 WL ARHR 1k
Two times of degreasing
scallop skirt powder

Jig W5 % & Fat content 16.60 2.10 0.55
*2 EAMEXRITEZRSKEHT
Tab.2 Protease orthogonal experimental design
A% Factors
K :
Levels A T B AL C 1L D it
Enzymolysis time (h) Enzymolysis temperature('C) pH Enzyme dosage(%)
1 5 55 6 0.05
2 6 60 7 0.10
3 7 65 8 0.15
®3 EAMEXIBARRERSN
Tab.3 Orthogonal experiment design and results
. Jif# 25 Conditions of enzyme hydrolysis FIMR L% Amino acid conversion rate (%)
e A B c D P Ba2% B3%
1 2 3 4 First time Second time Third time
1 1 1 1 1 72.55 72.50 72.55
2 2 2 1 2 75.25 75.20 75.25
3 3 3 1 3 76.65 76.65 76.60
4 2 1 2 3 75.25 75.25 75.30
5 3 2 2 1 77.05 77.05 77.10
6 1 3 2 2 76.50 76.50 76.55
7 3 1 3 2 76.55 76.50 76.60
8 1 2 3 3 76.55 75.55 76.50
9 2 3 3 1 75.75 75.75 75.70
1 K, 74.817 74.783 75.200 75.117
B2 K, 76.267 76.283 75.417 76.100
PIE 3 K, 76.283 76.300 76.750 76.150
W2 R 1.466 1.517 1.550 0.973
23 ESRERSW x4 BBETHESEMXA
Tab.4 Relationship between calcium and chelation rate (%)
23.1 AR R ENDERITE SSTINE SEgrals 5B T3 Source of calcium ion  #¢4 Chelation rate
BRILE 40 BFR 4TI, 5 PRSI E A R Ca(OH), 57
SO 22 K, Hoh CaCl, 2 584 N 2 A R e e CaCl, 89
(1% 89%). NI, AHFFEEE S RV EE I CaCly J 5 CaCO;, 38
X5 SCHRCH MRS, 2008) T i 19 25 5 — 20 [RI B Ca(CgH,,07), 65
S TR FILEE , P D05 SRR £ CaCla. 46501 CoH10Ca0, 33

FERIVET e, 454 0.05 mol/L HC1I2M1 2 h, DL KK
FEEE R 60~80 H, /K KkBR % KM
Je, METASASIR DSk . BOE RS DL Se ks, Jehnid
w HCL (D520 58 iR, FRakelmes ik D ek &

AR DL FER AP N IE . 10, BB aE |
KEULTE . HETRIFS D528 CaCle SSEHIEN], &%)
LT CaCly IVEES R, 5704l CaCly HCRAHIA .
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F 5 TR DR 45 B & J IR A F5 AT T 181

I, DR A SC i I 5E CaCl, A5

232 HELSRBERZERLER A R ]
RSN 1, &2 A 3. AT, EE SRR
BAEREEA 40°C, fAENTH R 40 min, it 40 min
UG, BEFE TR, ®fEpHH 9,

A4 Chelation rate/%
N (= ~] ~J oo o0
[ BNV (=R VI Y
1 1 1 1 1 1

W
w
T

! ! ! |
0 20 40 60 80
B} /E] Time/min

Bl 1 TR ES A R 52

Fig.1 The effect of time on the chelation rate

¥
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43 Chelation rate/%
wh N O 1 3 o0 o
b O L © W O W
I I I I I T 1

%

1 l 1 1
35 55 75 95
1% Temperature/C
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Fig.2 The effect of temperature on the chelation rate

IS
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—
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#4; % Chelation rate/%

K3 pH X EA AR
Fig.3 The effect of pH on the chelation rate

233 #HARBEEXFEBER A IEAS R
TN E S5KEHES W 5, TEASSEH T %8 M4 I
6. HF 6 ML, SRR RIFIA B pH X2 AR 1)
e 2, MR RN, HARMUL, SEEA
BN G OVREES 40°C, SOWEE A 40 min,
AR pH N 9, fEMEAE T 2500 F A4 U,

BRI IK 92%,
24 SEBARSW

B VR R R & A B ER R, BSH 7/
N AT B IR (L ETGEE, 2009), AHFFE 5 0L
AR | B3 DLAE T oK B LA S B2 A R IR A4
PEAT T @I PR L e, Z5R R 7, hk 7
AU, FE R DUAR IR R BT, R S A BREZRAE
iR MR A E R, PRI A VAR i ek . 16 71 DL 5%
il 5 1) CaCly IHGIR, HE— 4T+ 1 Fe DL A F I EE
REAR T A= A . T IR M A R (R & E R A7 &
M) 45 5y 55 #1785 (Liv et al, 2013), 7ER &

x5 BARMEXRIERITERSKEHT
Tab.5 Factors and levels arrangement of
chelation orthogonal experimental design

% Factors
B g fi i [a]

K A TR

Levels  Enzymolysis Enzymolysis ¢ E&gﬁig
time (C) temperature(h) P
1 30 20 8
2 40 30 9
3 50 40 10
*6 BARMEXIHRER
Tab.6  Chelating reaction orthogonal
experimental design and results
Rigfiee 21 LEGHER
Conditions of Result of
LS enzyme hydrolysis orthogonal design (%)
No. A B C 1l B2 H3IW
First Second Third
1 2 3 time time time
1 1 1 1 77 76 77
2 2 2 1 85 84 84
3 3 3 1 83 84 83
4 2 1 2 84 83 82
5 3 2 2 90 90 89
6 1 3 2 85 86 85
7 3 1 3 79 79 78
8 1 2 3 80 82 81
9 2 3 3 88 87 86

PIE 1 K, 81.667 80.000 80.667
Bl 2 K, 86.333 85.000 85.667
P 3 Ky 82.333 85.333 84.000
W2 R 4.666 5.333 5.000
R 20800 20747 20732
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Tab.7 Analysis of amino acid composition and content

AT A S
L Percentage of amino acids

Amino acids B AR it R A

Scal.lop Hydrolysate Che}ate

skirt calcium
KA Asp 10.61 10.98 22.23
IR Thr 4.84 1.54 3.48
223 R Ser 4.92 5.41 10.76
A AR Glu 15.72 20.32 33.87
& Gly 9.40 3.64 9.97
WA Ala 5.92 2.39 3.21
R Cys 0.36 11.67 0.70
AR Val 4.92 0.39 237
i 2 R Met 0.41 0.89 0.69
LR e 4.81 0.57 1.53
SR Leu 7.84 0.58 1.60
fix 2 M2 Tyr 3.39 0.62 0.42
ARNZER Phe 4.06 0.97 0.84
A His 3.22 7.17 4.32
AR Lys 6.75 15.48 3.83
R Arg 7.23 12.86 1.95
Jifi 22 Pro 5.58 0.17 3.90

T EEIRARN
Note: Tryptophan is not detected

FIERREE A7 b, FR R R LR 10 2 B AR G T Rl g
Wt — AT R A E R 10.89% T 22.23%,
DNREFRH 20.32% 5] 33.87% , {154 42
RSG5 77 A B 3 RO SRR 5 (R TR Pk R
WkS 2R . B IR A & ok Ul , INENIA S 55
THATES, TUER G @ MBS 5 b 5 &
YA BT R B X ROk UL, ER AR ERE A
G = i v R R TR R MU

3 i

ARHFFE R LR R, X R DR i B A
IR R A , R IE A S e e AT AL e 45 1, (i
B IEMR AR IR B 77% , 8 H T TR I8 00 B 45
4 (Choi et al, 2012)4 ¥ & W AL MRFE /L%, HEGH
FRh &R B2 NR W T IR . R Z L i R 5
RS B 14545 BE 71 (Bao et al, 2008), 7 BH# 2 ¥
S IR A 5 SR U T DL SE M CHLAS B A TR
il 5 2 A E@ B A, Wi LB A O 5, B

LAFEEA TR R 92%, 1% i AT LASE i A A4 B
(94 1) F %8 (Hou et al, 2015; Jeon et al, 2010), [l
I, ARBFFRE R S A B8 DR, B
FEMRUT B ORI AL B A A B A, i HAH
DUFENs H A 40 AR 55 A R R 5 A B 5 T,
VUM TR FE AR R E, Er- i E A &R E A
AMUEA SRR, T H B LR, fTRESR
A5 ) B T e R A £ o OGHHR E  DUIN TR A
BB INAR, [, R FRATT v B A A R At K ™ in T
B/ IR 7S R SN (i R R Ze S O S 2 43195
RSP T B i B A
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Study of the Preparation of Compound Amino Acid-Chelated
Calcium by Protease Hydrolysis of Scallop Skirts

JIAO Kui', GAO Xiang', YU Jia', WEI Yuxi'”, GAO Jie',
ZHANG Xuemei', WANG Jinmei’, LI Yujin*
(1. School of Life Sciences, Qiingdao University, Qingdao 266071; 2. Rongcheng Taixiang Food Co. Ltd, Rongcheng  264309)

Abstract Scallop skirts are by-products of scallop processing that are rich in nutrients such as
proteins and lipids. Owing to the limitations of the existing processing technology, they have not been
used on a large scale and are not currently of much value. In this study, to effectively utilize the scallop
skirt, neutral protease, animal-complex protease, flavor protease, papain, and acidic proteinase were used
to hydrolyze the scallop skirt. The free amino acid nitrogen content in the hydrolysate was used as an
indicator for optimized reaction conditions. First, alcohol was used to degrease the scallop skirt, which
increased the degree of enzymatic hydrolysis. Subsequently, single-factor experiments were performed on
five enzymes to select the optimize enzymatic hydrolysis time, temperature, pH, and enzyme dosage.
Subsequently, orthogonal experiments were performed to determine the optimum hydrolysis conditions
for the five enzymes. The results showed that the amino acid conversion rate of the hydrolysate prepared
under the optimum hydrolysis conditions was as high as 77%. In previous studies, calcium chloride was
determined to be the most suitable calcium source. The scallop shell was used as a raw material to obtain
calcium chloride by acid treatment and water flying, and then calcium chloride was mixed with compound
amino acids in the hydrolysate to prepare complex amino acid-chelated calcium. The calcium ion content
in the chelated calcium was chosen as an index; subsequently, single factor experiments were performed
to determine the time, temperature, and pH of the chelation process. The optimum chelating conditions
were screened by an orthogonal experiment. A chelation rate of up to 92% was obtained in the final
products. The compound amino acid-chelated calcium not only functions as a calcium supplement, but
also has a delicious taste; it can be used as a calcium supplement or functional condiment. Our findings
will assist in achieving additional value from scallop-processing waste, and also provide us with novel
insights and methods for high-value utilization of other aquatic processing waste.

Key words Scallop skirts; Degrease; Enzymatic hydrolysis; Amino acids conversion rate; Amino acid
chelated calcium; Chelation rate
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