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1.1 B&EHER

W SR J5 i b 1K B k™ e R
g, K 8 B N AR AR H A B )
fefit. fiRIR T R RO S E IR 5 1A
BHLER 4 Y % N AR PR K EAR (0.7 m x 0.6 m x
0.5 m) N, FERLRE 70 5 4, B2 e 3 N EAR,
RAER 1 i, JoHwah kR g1 2 85 JIF
IR SR, BRI AR A E D (41.26 £1.09) g,

KR (12.94 +0.22) cm,

DL O R R R LD SRR
Ry BC AN & T K AR Ry 1 A )R Sy xof B 1
Tk B E BB I 0% 5% 10% \15% Fil
20% (£ 1) , B K- 5390 0% 7. 4% |
14.8% .22. 2% F1 29. 6% , 15 3% BE 80 45 J7 fili
60 do SR EZEHEATIRAE, L1 h WAREE
UE, R IK (8:30.,16:00) , & EJ5 1 h
FH/NGG 55 R T, e SRR . SEaa ], A4
KRR I K 25589 190 L, iR EE R (25 1) C,
24 WS 5, BRI — IR oK =02 —,
DO >7 mg/L,NH, -N <0.5 mg/L,

x1 IWAMMARFEFRES

Tab.1 Formulation and proximate chemical composition of the tested diets

Al B, composition 0% 4 5% 4 10% 41 15% 41 20% 4
B 41 £ 5 fish meal 54. 00 50.00 46.00 42.00 38.00
JEH) a-starch 22.00 22.00 22.00 21.20 20. 06
F KA corn gluten meal 0.00 5.00 10. 00 15.00 20. 00
R A5 chicken meal 8.00 8.00 8.00 8.00 8.00
SR (3242 ) soybean meal 8.00 8.00 8.00 8.00 8.00
S ALNHAE choline chloride 0.50 0.50 0.50 0.50 0.50
AT mixture additive 2.22 2.22 2.22 2.22 2.22
fa 3 fish oil 2.50 2.70 2.90 3.08 3.22
[ K wheat power 2.78 1.58 0.38 0.00 0.00
S FE4H X proximate composition( % in wet weight)
FLAE H crude protein 45.52 45. 40 45.38 45.43 45.64
HING i crude fat 7.54 7.51 7.56 7.60 7.63
7K 43 moisture 7.35 7.15 7.08 7.02 6.92
JK 4y ash 13.51 13.12 13.01 12.95 12.90
REHE (kJ/g) energy 22.06 22.03 22.09 22.15 22.21

1.2 ER# B 10% BY5)33 4 000 r/min B0y 15 min, B |

SEIGTFhATRT, BEALEL 15 8 a9 Sk 5 R0 A
JFRENE L2 & T ARG, % —70 TR
F£, L5 RNA 2, 55 H09 RSk B BUNE AT
JEEIE 2 ZUOR AT T — 20 °C FH 1 4 0 it 30 1R 0 2
TSRS 45 0, B K AR FEAILI 8 e, B4
24 J& f1 F MS-222 (100 mg/L) il 5 BUkE , Hp
15 B Ak B LI R JB A 4 29 I 2R
JE RS 2 - 70 TLAE, L5 RNA fhi#, 7341 9 B
Fa ISk B G AT B 4L R A F - 20 €L
T I TR R
1.3 AEHBEENESSENNE

DARERE AR B G R R 4 2 — A
FEA . BRAMEASTRE 1 g 2240, 4% 109 A 2k

TR AR 4 °C A7, 1% Subbotkina 457 J5
T R S I, AE 24 h DN E SRR, RO
BRI D i R UL AT
1.4 c ZAEEBERE mRNA RiENUE

RNA REC 3l HUE SO O Bl 3k 5 B
FUHT R 50 ~ 100 mg, HR & Trizol Reagent i HH
Pl B RNA, fifi 11587840 66 B2 11l RNA
VS FE ,ODyg) yn/ ODyg o [E R 1.9 ~ 2.0,

e PRSI E O AR S
Rl ¢ RIS I K P51 PL P2, 4R
% GeneBank H#fi 1A 1Y £ 25 B- actin f5F )7 51 15
TG SR J7 il B-actin 5| ) P3 (P4, T A5 51 934 H
W TAYHEARGRAR G (R 2) .
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Tab.2 Parameters of primer pairs for c-lysozyme and B-actin gene from obscure puffer ( Fugu obscurus )

5|4y primers

J# 41 sequence

724 (bp) length of fragment

-

P1 5'- ACCACAACACCGATGGTTCCACCG-3’

240

c-LSZ P2 5'-AGGAGAACTCAACTGGCGCCAGCA -3’
P3 5'-CAC TGT GCC CAT CTA CGA G-3'

B-actin

226

P4 5'-CCA TCT CCT GCT CGA AGT C-3'

% % % % RT-PCR it 8 SYBR® Prime
Script™ RT-PCR Kit i3, 26147 RT |, 2 &%
519k oligo dT., 54K 42 C 15 min( g%
) ,95 °C .2 min (i SR )R 6 ) o PCR
RN &R 95 °C 15 5,60 TR AIEf 1 min, 2 40
NG 560 C 15 ff il A D, S JE B OR A
B-actin, JZ )% £ Bio-Rad iQ5 & f& PCR ¥ I i#17
B3 AER . F—FaARSHE
PITE ]~ 96 fLAR b 0 A4S [ s 477 1 [] IF 4 34
FrRUE s (N2 B-actin FH P SERE R EIER) | B
K PCR Y1l 25 15 T i A1 B-actin A s oE 1l 2K
PAHERR K PCR 385058 — 30 T4k

AR o 64 ) & B W 3 = 1 RNA
&, i Easy Dilution Buffer ¥ H %5 b # B (1,
107,107,107 ,10 7,10 7°) | T4 S 1 G
B-actin FIXARUERTZE

75 B mRNA 69 & & SR FHRUR i il 26
RS 1 = o vk & S ERIOE IR SIS B (R
HEM R EAT AR A, EATZ A LUAB BN 2
VS TE G mRNA A RA T, e, B

=0 ~
. 50 a a
el T
S, 40t T t
Q
§:§35—
=€ 30f
_R$25—
g £ 20 f
éém- b
*Ei‘lo— T
¥ 5

iy k' JHEL R

hepatopancreas head kiney spleen

HE tissue

S LV T RS mRNA A X 25 5k R 5 H
Xof REH (ARG 238 B AT HU RS
1.5 BUESH

RIS MH + FrdE 2= (x £SD) £IR .
B s Y SPSS 11. 5 B f#k47 5 22 43 Hr ( One-
way-ANOVA) , & | Duncan’ s procedure Lt %5 4H
[ 255, P <0.05 B2 R B 3E .

2 4%

2.1 REQUZR 7T EHATRR AL AR AR AN Sk S B A H Bl E
AR c-BLREE mRNA FRik

ST U, B SO i AR Sk ' A 9L A 241
SR TR LIS 74 90 R 9. 14 (4212 i1 40. 49
U/mg prot, k"B FIBLIE 75 41 1t LU 36 ) S 3 v T
JFIBRNE (P <0.05) (K 1-a) .

3 FhZHZUAY c-BUVA B mRNA Rk A i
E2EF (P <0.05), LAFFBENER -2 7 14 A
mRNA 35 20 1, S5 MR /Y o B % 5 i
mRNA XA 8530 3.76 3. 24 (Kl 1-b) , 3k
' FIRGLAE PR e 2 27 2 [ ¥ 3 22 5 o

4001 b
3.50
3.00
2.50
2.00
1.50 r
1.00
0.50

0

=

He

mRNAMIX RiL &

mRNA relative expression level

JFF IR k5 e

hepatopancreas head kiney spleen

HZ tissue

B1 BOURTTEERTARAE XS RAERY A B EBLLiE 71 (a) AR c- IR BB mRNA X RIA (b)

KRR Rl B _E AR R R 22 S M B (P <0.05) .

Fig.1 Lysozyme activities(a)and mRNA expression levels(b)

in hepatopancreas, head kiney,and spleen of Fugu obscurus

The different superscript letters indicate difference at P <0.05.
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2.2 EXEEMEBREMIBLFRAHAEES
tb & T HI R n

TR 60 d, SR Tr i AR QIR H o X IRALAT
JBRRAIE Sk BRI RO I ) 7 T R LTS 0 50 Dl 9. 54
U/mg prot, 44. 12 U/mg prot F1 44. 49 U/mg
prot, 55X IR T 4R I = Fh ZH 20 LE TS SRR L, S IR
JUE R EE T 7 AR, Sk P FRSUIE 2L 2R P i 0 8 o

TFOREE PR A AR ] B SR T B J A
S ML VS BTG LU TG R i (R 3) o 5% Al
10% T K A5 A3 4L A BT FR R T il LL 335 0 203l e
XTHBAHIR = T 31.45% #134.91% (P <0.05) ,{H
Je, 15% 1 20% T K H F1Br 4L A AT B E 775 £ Il L

15 153 M e BRZH R R 1 25.89% #159. 54% |, ik
AR TN BEAL 5% 211 10% 4H (P <0.05) , 10%
TR B 4 3k B U TR TG ) L BT AR T
39.14% (P <0.05) ,5% K K 43k 15 v
ity 15 77 55 0 BRAL A W3R 25 7 1 15% Fl 20%
ZH 43I EL 6 BB 2H R [ 33. 36% F1 29. 35% (P <
0.05) o 5% Fll 10% K 2K [ Ky 41 i) R4 0T 375 1 T
T 1 50 BT 25 5 (P >0..05) 11 15%
1 20% 21 19 119 AU 325 11 1615 3 43 ) L X BRZH T [
T A7.88% 1 44.08% , i FAK T X R 5% 4H A0
10% 41 (P <0.05) ,

£3 EXREOMELQKRTTERTERAL . KSR BE A HBE L TE R IE

Tab.3 Lysozyme specific activities in hepatopancreas,head kiney,and spleen of

Fugu obscurus fed with different amounts of corn gluten meal U/mg prot
2[5 group JH#EAIE hepatopancreas 3k 'f head kiney %t spleen
Xt HE4H control group 9.54 +2.58° 44.12 +3.42° 44.49 +2.47™
5% 4 5% group 12.54 2. 48° 42.31 +£13.14% 39.64 +5.38°
10% 41 10% group 12.87 +0. 88" 61.39 £5.37° 45.47 +6.42°
15% 41 15% group 7.07 £1.16° 29.40 +8.77¢ 23.19 +5.18¢
20% 41 20% group 3.86 +1.41¢ 31.17 +8.21% 24.88 +3.12°

T Al — 2 A R Y B4R P R R 25 Rk 235 (P <0.05)

Notes; Means in the same column with a different superscript letters indicate difference at P <0.05.

2.3 EABAHEREMIRELRTE c 2R
Bills mRNA 5% B9 00

TR AR R G RS SR il ¢ U TR
i mRNA MU 3k A B 2500 (£ 4) . 5% 4
1 10% AL ENE ¢ 0% 5 mRNA A% 3 3%
RO IR T 57% F152% (P <0.05)
1T 15% 4171 20% 2410 53 I L3 B 41T I 7 17%
F148% (P <0.05) , 5% Z1H1 10% 21 ¢ FI¥

PRIl mRNA A3 55 5 50 AL WA 2 1 22
S0 15% 41 H 20% 4100 43 5] Fe Xt B4 R R T
40% 1 37% , B FAK T X BE4H 5% 20 F1 10% 4
(P<0.05), 10% 2413K"¥5 c RI% FE G mRNA A X}
Tk ER T BEAMEE KL (P <
0.05),5% 415 X% B2 6 B P22 57, 15%
20% 23504 A XS HR AL R R T 14% Fi 11%
(P<0.05),

®4 EXREEOMXRELRFTEEATIRAL S F1RRAE A E B mRNA RiIZEH M0

Tab.4 C-lysozyme mRNA expression in hepatopancreas,head kiney,and spleen of

Fugu obscurus fed with different amounts of corn gluten meal

2l 51| group AT #EHF hepatopancreas SLY5 head kiney JELE spleen
%t HAZH control group 1.00 £0.04° 1.00 £0.06° 1.00 0. 05%
5% %1 5% group 1.57 £0.07° 0.96 +0.07% 0.95 0. 08"
10% #H 10% group 1.52 +0.14% 1.15 +0. 04* 1.01 +0.03%
15% % 15% group 0.83 £0.04¢ 0.86 +0.094 0.60 0. 08¢
20% 2H 20% group 0.52 +0.04¢ 0.89 +0.08% 0.63 £0.04°

T A= AR LA PR 2 Rk B3 (P <0.05) ¢

Notes : Means in the same column with a different superscript letters indicate difference at P <0.05.

3 e

3.1 BgFRAEHLE AREEMBREARNEE
g R H mRNA Rix
T R B SR LM 32, SRR L LT

Fll— Btk B 2 4 PRGN 3 T A R TS
PERIZHZH 22 5 2 o %A () 2H 2R e Tt M 1 e
58, AN TR B A5 B ) 25 RN R AR Ao i e 2 6
( Paralichthys olivaceus) ¥ . L5 FI1 B I 25 4o 5
HAPE RS T E g e 5 A E
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gichg e s [ 87 (Acipenser schrenckii) il
/A (Acipenser ruthenus) BRI WA T ) 3 25 1
AT ZH 2R T S P L BRI L35 45 S 3 2H 41
FE o ARSI I S AR i Sk B R U £ 7 T
BFG T 2 5 TP IE , X 55 Subbotkina 457 %
1% W 87 ( Acipenser guelden-staedtii) F1 [N 't 85
(Acipenser stellatus ) | &% W 25" xf 5 & 4 )
( Carassius auratus gibelio) W WF 5845 - — 3., K
T, 8 2K MLE P 725 o7 6 0% 1 DR R ) b 2T 50 R
PEYEE 88 ( Myxine glutnosa ) 1K W4 ¥ 85 ( Gadus
morhua) 1 I A 2135 1 B 0 5 T AR 2
BFINEET T SR SRR LR AR
5 s SR 5 Bl %) R A0 S TR TG P o T TR Tl T
PERY 22 5 7] e S I T I P AR LA G, A
VA A AR S LS S AR AR, 3 g
20 L ERLA A LA K H ERLAZ 240 e AT B B
WA AR ST Pl T LA AN 24 4 4 A (A
MR ST LB o 25 2H 2 ) T G %
FAERE

S R o-BUY A AN g- U3 1A il PR
TR B AT D RE F e IR A5 U A 8 8 Fh 2RT
WA, 126 - TS B 2 BE A 20T ELAR IR
S0k NS & BATHAL BT A E K EZ R )
AE T, HAT, c-RUA AL mRNA 94141
AR CHHGE , — M A 28] 22 57 3R h 0
HAGE 5 YREAE N —Fh R, AT -1
VG mRNA 935 DSk B a ey, FLUORIUNE, T
TN SR ARG , DU LT RE 2 5 S ARG . X 5 kIR
A S SR B SEAR DL, DA Sk B R -2
TP mRNA [ 838 1 0 25 = T B 5t 55 %0
KPP (Salmo salar L. ) FIBFFE 45 FAIZEMRLT
Wang 257 b FL 4% % 1 XF UF ( Litopenaeus
vannamei) FRIFFEW I TERFIRIE th 2 ik e i, iX
SEZH 2RI IR 25 57 Tl RE S B R A0 B A AN
A4 O, EL IR AN 3 5 7k B LI b o A i 22
A FRE A3 A e {H Rose %51 %if L H £
HIRFSE S ARG RANR] DA L H . c- BRI T 3
ST JFEEE A B 2 HE 5 T Ak D RE
A, T g- TS TG SPUR TREA G, LR |
KB B Th Rk,
3.2 EXREZEAMEBEREMTBEEBEER c B
B EE mRNA RiZR 0T

0 T TR T R A2 A o R A o R

R, R Y RKESEEAY  ARE
R T B 0 e 5 A M 1 R S i £ 2
WS, T EASAIERF T, W
RN Y, 30 2 RV A v Il ) 15 P L NS
R S AR U 7 D I 37 9 S
B A 5 30 M ( Pelteobagrus fulvidraco) [T
VRIS E K A0 B R 1 i I
UV TR A SOMIRR R A K (0 3 I
Je % 4 fi1 ( Sarotherodon sp. ) ML P ik 1™ 5
WL ( Oncorhynchus mykiss ) MLTF ¥ T B 152 1)
BHE B R R IR, 8 BE SR B2 SRR
S DTS 1, IR KO B 3 R K TR
BTG A ER , B K B B RS AN RE
WE BRI YES . AR R, B RS IR
2 I, O S R S 1 S 9 B ) BRI AR Y
WHEHR A S 2 20 AL iE R FORE
FIH3 (10% ) B A ARy BEAR i1 0 S0 O B JHT J U
KB I 2 290 T Il S P B R ARE T, AR
ok e D0 R AR S M (3R 3) , BRI S i e
AT RBIE P Dy Bl oK A 03 4 felt 1 1 i il a1
FERRANY- B WY R, Ao 3 P 2 2
HEBUE R, 3X 5 A S SR Tl 9 A
TEOUAAT , 24 EOKE M 7R 10% LA I, 1]
kR R TS 7 BRI A I SRR e T R 4
XS BB BE 2 5 (A TR E B Y
MEHE 15% LU, e, RS IRz,
A KGNS G E R AT X IR (Fp kK)o il
W H S RBAE I 1T 1 TR 4 W T 22 0 I TR R
XM ER L A W i ) ER, — b3 A i A 2
SRREES A NN WA | 5 AV s AR B el
A DR, AR ST R AR R B s 159%
F18) ST 55 2L V5 T RS 1 2 S S PRI

LR AN R S e S SR A
FM AU RN mRNA K3k, g™
NIV T BT B AR c- A% W B mRNA Kk
FIRGIE AR AR . Gao 251 I3 B s e % (G
W JFF R e 2H 2R 055 T T 3% 08 e LU X BRAH 42 v T
560% ; Yuan 2557 o i AT 5% 52t ARG ) B
Z Wi RE e B A 2R TR AL ) mRNA 223k 1M
v 791 2 DU R e IR 2 2 v 0 v T R R 1) R 3R
R, PRI o Sk B rp B IR A R R L X AT BB
SR B A il BE PR 463K 32 B EE 22 R 0 70 B RN A 2L 1Y
RSP [ A 45 58 s Low 2517 RV % H- 12
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THAEHE Y mRNA 23k (X SRS 235 B AT 5 Physiology,2003,39(5) :537 = 516.

(8] RN, 5, PONEAME, 45, S AR AN oA T g

Wi, DL ESSRIER, MERARE RN RIE R E
PR Z AR X R ) mRNA {93608 7 2 20
Rl AP AR U Sk . AR TOKEE Bk
A RO WA SSCZR 3K Y SRR AR T e 2 2 -
TUP R mRNA ik, AT RER DA i 2 il n]
T KRR IR H AN I RE , e it 8 B E IR
W, S BRI, i e e IR K P R
PR TBEDIRE , SR , 2 F2 P SN IR B R
RS-, AT 7= A 2 1 B TR I, TR R R 1 1
i A4 G AT S TR 9 22 38, MTIT AR AR AR 4 5 P
BERETT

TR ER R X T I SUA 5 Bl Sk L
IV R R 7 6 15 1 A B -0 %5 T B mRNA 3%
IR B R M RE AL, 1 Ry 10% B, ¥ DR O 1
c-BUIA i mRNA ek 58 B i K, i i 4K
-, BG4 b mRNA K 5T G 3 B T A
S T R B S U R R oK A
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BRI AR S R LA o Tk — 2 BT

SE k-
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Effects of feeding with corn gluten meal on lysozyme activity and
c-lysozyme gene expression in Fugu obscurus

ZHONG Guo-fang, QIAN Xi, HUA Xue-ming, ZHOU Hong-qi *
(Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources,Shanghai Ocean University ,
Minisiry of Education ,Shanghai 201306 , China)

Abstract: To examine the effects of corn gluten meal on lysozyme activity and c-lysozyme gene expression
in Fugu obscurus ,the fish were fed with diets containing 0% ,5% ,10% ,15% and 20% corn gluten meal in
replacement of 0% ,7.4% ,14.8% ,22.2% and 29.6% of conventional fish meal for 60 days,respectively.
Lysozyme activities and mRNA levels in the hepatopancreas, head kidney and spleen were examined. The
results show that: (1) At the beginning of the experiment, the lysozyme activities of the hepatopancreas,
head kidney and spleen were 9. 14 U/mg protein, 42. 12 U/mg protein and 40. 49 U/mg protein,
respectively. The c-lysozyme mRNA relative expression levels of head kidney and spleen were 3. 76 and
3.24 times of the hepatopancreas. (2) Different amounts of corn gluten meal in the diets exerted different
effects on the lysozyme activities. The lysozyme activities of hepatopancreas in the 15% and 20% trial
groups were significantly lower than that of the control group,and they significantly increased in the 5% and
10% trial groups. In the head kidney,lysozyme activities were significantly enhanced in the 10% trial group,
but they significantly reduced in the 15% and 20% trial groups. In the spleen, there were not significant
changes on the enzyme activities in the 5% and 10% trial groups,but in the 15% and 20% trial groups,the
enzyme activities significantly reduced. (3) Different amounts of corn gluten meals in the diets also resulted
in significant changes in c-lysozyme mRNA levels in tissues. In comparison with the control group, the c-
lysozyme mRNA expression levels of hepatopancreas significantly reduced in the 15% and 20% trial
groups , although they significantly increased in the 5% and 10% trial groups. In the spleen, there were not
significant changes on the c-lysozyme mRNA expression levels in the 5% and 10% trial group, but they
were significantly lower in the 15% and 20% trial groups than that of the control group. In the head kidney,
c-lysozyme mRNA expression levels were significantly enhanced in the 10% trial group, but they
significantly reduced in the 15% and 20% trial groups. In a word, the enzyme activities and c-lysozyme
mRNA expression levels were peaked in the 10% corn gluten meal group.
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