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[ ZE] [HB) EM PiHF K (Antimicrobial peptides, AMPs) %f 21 4 i ( Sciaenops ocellatus ) 4y A= K 4 g Fil
&R KF- 052 . K072 ] 26 SE Gl AR 8 I AS ) 50 42 (9 B8 K (0,0, 1,0. 3 #1 0.5 g/ke) £ il 3 4 L CHI A0,
A100,A300 Al A500 41 , A PRS- B A R B o (1. 5740, 17) g/ B L Ihita 8 JA . I 5E 4% 20 20 4 A 28 K Pk B | I 37 8 %6
(GH.T; . Ty #l IGF-D 7K, A0 Fl A300 41 £ 1if 1 4751 J5 S [R] B[] A 49 000 375 98 2% 7K 7 KL PR R JE A IGE-1 mRNA
FIKNFREE . (4R A300 F1 A500 20 £1 if £ 08 55 % ] Rl R0 RHAR 3R 80 35 & T A0 4 (P<C0. 05), A100,A300
1 AS00 4B AU EMBUE R B Em T A0 41 (P<C0.05), A300 fl A500 R MaEBEEA T ®REST
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BURE & B, A300 A1 I IGF-T 72454 J5 2 h B ik W fE , HLAE 2 F0 4 h B 07 IGF-T & & W 2% F A0 41 (P<C0.05),
A300 ZH 1% IGF-T mRNA 78 JFE F LA o 0 2255 5 7E 4 h BRI A (P<<0. 05) , K458 Y 4k v 4 ik 0. 3 g/kg
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Effects of antimicrobial peptide on growth and serum
hormone levels of red drum juvenile
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Abstract: [Objective] This study investigated the effects of AMPs supplement to diet on growth per-
formance and serum hormones of juvenile red drum, Sciaenops ocellatus. [ Method) Tested diets were
mixed with different levels of antimicrobial peptide (AMPs,0,0.1,0. 3 and 0.5 g/kg) as treatments of A0,
A100,A300 and A500. S. ocellatus with initial body weight of (1.5740.17) g were fed for 8 weeks, and
the growth,serum hormones (GH,T;, T, ,and IGF-I) and serum hormone levels and IGF-I1 mRNA expres-
sion in muscle and liver at different days after stopping feeding were determined. [Result] A300 and A500

diets promoted the relative weight gain (RWG), feed efficiency ratio (FCR) and protein efficiency ratio
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(PER) significantly (P<C0. 05) ,and protein retention (PR) and survival rate of A100,A300 and A500 diets
were significantly higher than A0 diet (P<C0. 05). Muscle retention (MR) and whole-body crude protein
(CP) of A300 and A500 diets were increased significantly compared to A0 diet (P<C0.05). AMPs had no
significant effect on serum GH level (P>>0. 05). AMPs enhanced serum T; and T, and IGF-I concentration
of A300 and A500 diets significantly compared to A0 (P<C0. 05). After postprandial,serum was sampled in
72 h continuously,IGF-I of 2 h samples reached the peak in A300 diet,and IGF-I of the samples in the 2 h
and 4 h period were significantly higher than A0 diet (P<Z0. 05). Expressions of IGF-I mRNA in liver and
muscle of A300 reached the peak in 4 h,and significantly (P<C0. 05) higher than A0 diet. [Conclusion) The
inclusion of 0. 3 g/kg AMPs in diet could enhance the growth performance, feed efficiency and muscle

ratio. AMPs had no positive correlation with serum GH concentration but it increased serum IGF-I concen-

tration and expression of IGF-I mRNA in muscle and liver.

Key words: red drum (Sciaenops ocellatus) ; antimicrobial peptide; growth performance; plasma hor-

mone; IGF-1 mRNA

21t £ (Sciaenops ocellatus) JE WK H . 4 &
b AU E 2 TR K RS SR A ) A R
—. EHO L A e R N TR R R
Fow R IR A R IR Y RO R ) AR M
JB - A 5 T O A TS  EE

P K CAMPs) J& — 28 HAT 50 18 1 P 19 K I8/
S FEN. A 1975 5 P2 5 Boman 45 ) A i
o B E 2 — A P IR K A 3 (Cecropin) PUK
15 B B P2 K7 Bl ) LA S AL 48 N TE Y I T 2L 3
Y, H A S AT Az ARt AT 1 700
ARG RS . YU LT R T A ) R 1
HEARPES T EBA T I YURE PUREE PR T
T R TR A AR TR T . B R BT BRTE L
WU N R (Lito penaeus vannamei YT i ( Cyp-
rinus carpio koi )", A€ 65 (Lateolabrax japoni-
cus) )" WA =W Triploid crucian carp)t Zrh 3y
FI N R A0 2R R ROCR  IF ) 1 5 AR 4 e 1 Ao

PERE L H R W K BIXE P9 40 WA AILRE » 40 il 3 B3 K F- 5%
Wi A BIF9E . AS TSR B 58 T B0 A OGS £ 3 £ A K 1 g
I T 9838 7K 00 5 e 38 3k W ¢ 21l £ 10T R
VS R N B U e A 7 M i O A e R
FRALBE A5
1 MESITE
1.1 R owigit

TR R B R, 26 FE R RDRE s i AS )
FI 4 (0,0.1,0.3 F1 0.5 g/kg) B AMPs (¥ % 18 5
YIBT B B, 6 ME B A7 20 000 U/g, i #6 H IF ER RLA
PR A RS A A0 L B A0, A100,A300 FI A500
W AR 3IANER. A4S VRIRE
MR A 20 min J& , a2 & a3l F 2 20 Y0 28 08K IR &
ot HIRL (3 mm) L 7E 25 CHIT 2y 24 h, fapRpEEA
o4 AOACCL995) ™ By J5 3k E AT AR I Jr D 3
1.

1 KBRABEARERSHRTFHED

Table 1  Formulation and proximate composition of basal diets (air-dry matter) g/kg
Wi H Item #H 4y Components A0 A100 A300 A500
1A %) Menhaden fish meal 580. 9 580. 9 580.9 580.9
WAL TE ¥y Dextrinized starch 200.0 200.0 200.0 200.0
47l Menhaden fish oil 14.0 14.0 14.0 14.0
W19 Formula g4 Vi-tamin prem-ix 30.0 30.0 30.0 30.0
% %" Mineral premix 40.0 40. 0 40.0 40.0
27 4k & Carboxymethyl cellulose 20.0 20.0 20.0 20.0
2 4k % Cellulose 115.1 115.0 114.8 114.6
HiH K Antimicrobial peptides 0 0.1 0.3 0.5
H 4 1 Crude protein 38.8 38.1 37.9 39.1
¥ HLAg I Crude lipid 9.4 9.2 9.6 9.7
1:1:;;‘;’;21 R4 Ash 12.2 12,6 11.3 11.6
composition i & 2 Lysine 2.74 2.55 2. 64 2. 60
B A R R Total sulfur amino acids 1.34 1.30 1.31 1.32
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TG A 58 ) 7N A TR 2 oK 7 SR BE AF 5 0
(Texas A&M Aquacultural Research and Teaching
Facility, USA) #EAT . 21 4 fa )y £a 04 F 75 M 165 7 K
FEESE H s (the Sea Center Texas Marine Aquari-
um) , JETEE N SR 2 J8 DLIE N R BT . B AR R g
WA, A K 1 10:00 1R 4 16:00 420 A0 414
BEBE,

RS K BT K 251 38 L, FR A K 20 DL .
WS AR W g 5 A B S AR R G KK
HERFFAE 5~7 g/L, BE P KR HE N 1
L/min, &R EE N 90 %6 2247 . /K T 4% il £ (26 £
1.0) °C., JeMambE 2y 12 h, A4S KRGk 20 B
i R (1. 574+0.17) g/ . R KB N 5
T 2 R B 2k 8 J . A Bk R T R Y 4K T
i RO DL RIE RN TR 9%

1.3 HERKMEgERANSIBIEERNE

FEAH IR 45 R 5, B T A R R B R T . AT
FEMLE 3 B, F MS222 BRI f5 » i 31 A L 43 58 L
PR T BEE PR A D7 45 2 4, 0 0 T A 8 A 0 EE A4
I = QO = WU e K N R 7 D N i -l = N E =0 TN/ 2 S
AOAC995) " iy I g & , 7K 43 T 105 CHE T =
fE 5 P E

B R =25 T A (R /& i g fa () X
100 %6 ;34 0 R (Weight gain, WG) = (R # 1k i &
(@) — WK BT & (@) /) ¥R T (g) X100 %6 5 1]
Bl Z % (Feed conversion ratio, FCR) = & & (g)/
CRIGIR T (@) — W R BT & (@) s S H IR 2
(Protein retentionefficiency, PRE) = fi &K fH 2
(/FHHFEEE (g) X100%; AL % FF (Condition
factor,CF) =& Jfi 7 (g) /K 2K (em)® X 100% ;
A& (Muscle retention, MR) = L [ Ji & (g) /&
Ji i (g) X 100 % 5 P WEJIE i e (Intraperitoneal fat,
IPF) = P A 07 J5 it (@) /1 J03 4 (@) X 100 %0 5 JIF JBk
8% ( Hepatopancreas index, HSI) = T i IiF i &
(@) /PR (g) X100 % .

L4 mMERBEERRESHF

FRAIR IS 4.6 A1 8 AR BMREE RS 4 h, B 4T
B2 B, WEF KB, 6 000 ¢ .0 12 min Ji,
BRI, —80 CRAAZRSM. FEIARE R,
R A300 ZH L1 U £ 1 AR K1 BE 55 48 AR R I IR A
Sy k2 BT BT B K AT RE B9 4R LB X 45 4] U R
[ei] 5} [ 45, (0, 1,2,4,6,8,12,16,24,36,48,60 1 72
b A0 T A300 2 ¥ £1 4k £ F2 i ok JBLif. » 7 5 i

WEFRLEAL 005 PN 3 W U R 7K~ FIZH 20 mRNA B

IR DR B U R = W R D R (T Fl H AR
PR ER T & i R F I 5 92 5 R 3547 00 7, AR i
Loter %" Fl Cohn 45" 1y 7 B alb A7, S B A 10 iR
#0.1 ng/mL; T, f1 T, §FRANLERF RZAH<
6.0% ; 41 \] A8 5 R B << 10. 0% (T,) A1 <<17. 0%
(Ty,

MLE AE KR (GHD 2R il B #2925 125 (ELISA)
e B2 AR Bl T8 k28 b v b TG A6 4 4
4 CoER R, AL 1 7E (NGS, Sigma) 4k 252 7
B . MVEFE S e s AR 1+ 4 RFR L) i B
5 NGS fl—#t (Rdiathita GHY A . Kl fR
0.2 ng/mL; 41 N T2 (8] A48 5 R 55055 5 <<7. 040 Fil
<10.0%.,

IMLVE 28R 5 A A K A TAGF-D Sk HI 58 4+ 1
R 5] 43 B G 88 2 vk I s R BT S A B Y 96
fL# (Reacti-Bind™) #t 17 # 1l ( Pierce, Rockford,
IL, USA) , HA M PR & 22 5 2405 GH # R, 1GF-
T 7 1038 A TR > 90 %

LA F0FF2H 21 b IGF-T mRNA 2 3k & 1 1) &
$t Peterson 2508 i 7 vk 347 . i iCycleriQ RT-
PCR & Ml & &8 #F 17 & & 5 0 2 R i B 2 0
(qPCR) , '2 & IGF-T1 %K 18S mRNA W3,
L5 HSH

S84 SPSS 17. 0 #4748 40 . ik 6 4%
B2t — 0 2 43 B (one-way ANOVA) Ji , #E 47
Duncan’s 2 8 345 i 50 41 (0] 25 55 19 18 35 4, P<<
0.05 RREREH.

2 AR5

2.1 mERMOHEEKERKNF I

H 22 2 AL GRDEE R I AMPs X 21 4 £ 3 FE
VR R E L R R R O R AR
A300 fil A500 £ 41 4 1 WG Al PRE #§ & % & T
A0 41, FCR W] i L F A0 41 (P<C0. 05), A100,
A300 F1 A500 41 i 21 &h fa i 15 R B & m T A0 4
(P<<0.05),
2.2 BUE BRI 4T 5 £ T A HE AR AN 4 4B R RO R i

H 2 3 n[ 1, AMPs X404 fa CF, HSI fIl IPF
TR EF W (P>>0.05), A300 F1 A500 £H 2T & f
MR i #5 F A0 40 (P<C0. 05), AMPs X} 2L & fa
4t Moi .EE fl Ash J¢ g 25 i (P>>0. 05) ; A300
A A500 2y fafk CP & it i & T A0 Jz A100 44
(P<<0.05),
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Table 2 Growth performance,feed utilization and survival rate of red drum fed on basal diet and AMPs supplemented diets

! WER/ % TEEL 2 B HEEAWR/ % R/ Y
Group WG FCR PRE Survival

A0 438.70+24.21 a 0.86+0.08 a 31.81+2.13 a 86.5743.56 a
A100 479.86+25.33 ab 0.784£0.10 a 35.164E1.21 b 93.334+3.34 b
A300 531.054+30.54 b 0.7240.11 b 36.83+2.42 b 96.57+3.35b
A500 549.08+29.38 b 0.7040.09 b 39.0442.43 b 96.56+4.47 b

TE R B Sy 3 A BT R T AR AR T 0 RSB S AR R /NS TRk R OR 28 5 B35 (P<C0.05) . T,
Note: Values represent means of 3 replicate samples; Different lowercase letters within each column indicate significant difference (P <
0.05). The same below.

R 3 BUBIRART % & T 4R 45 45 A0 4 42 B Y 22

Table 3 Body condition indices and whole-body proximate compositions of red drum fed on basal diet and AMPs diets

JEARFEF5/ % Body condition index R 2H B/ % Whole-body proximate composition

wil _ .
Group I i T I 45 B P4 IUE G D5 L B ES Koy L £ LI i )
CF HSI IPF MR Mot CP EE Ash
A0 1.05+0.08 2.8040. 20 0.8040. 21 30.24+2.52a 76.414+2.08 16.34+0.28 a 3.6340.21 3.9340.25
A100 1.11+0.11 3.2040. 23 0.6840. 20 31.23+3.13a 76.671+1.38 16.47+0.32 a 3.9040. 23 4.1940. 30
A300 1.02+0.07 3.7440.19 0.8140.24 31.96+£2.28 b 77.58=£1.68 17.64=+£0.35b 3.7140.18 4.9140. 34
A500 1.03+0.08 3.3640. 24 0.6640.23 33.68+2.47b 77.59+1.78 17.89+0.42b 3.9840.19 4.174+0. 25
2.3 FBERXMOHEMERZEKFENZIE A500 413 T, T, f1 IGF-1 KB 25T Ao 41
2.3.1 FrzpE mEAMLUED, FHIRAKS (P<<0.05),

4,6 F1 8 AR, AMPs Xt 2T 4 40 1l 35 A= K & (GHD)

2.3.2 4245 R E B

A5 ] J AN [m] e [ 47 7 ik

KETC R B0 (P>>0. 05); %45 4 & A300 41 T,
a5 A0 4R FEER (P>0.05) 4, A300 I
F4 MERMOIGEDEREKEHEMN

X £L 3 #0100 R K B R DL 1 ~4

Table 4 Hormones of red drum fed on basal diet and AMPs supplemented diets ng/mL
bl HORE B ) / ) EREE =R R AR BRI R KB REHERKETF I
Group Sample time point GH T; T, IGF-1
4 17.4+3.5 4.44+0.3 a 3.54+0.3 a 6.14+0.3 a
A0 6 21.7+£3.2 4.64+0.9 a 5.440.4 a 5.440.6 a
8 18.5+2.7 4.64+0.4 a 4.8+0.5 a 5.440.4 a
4 20.6+2.7 5.8+0.4 b 6.94+0.2b 10.2+1.1b
A100 6 22.4+2.9 4.94+0.7 a 5.5+0.3 a 8.4+1.4 b
8 20.6+2.3 5.3+0.5a 6.4£0.6 a 6.3+0.7 a
4 23.4+3.1 7.2+1.1b 7.540.3 ab 11.3+1.6 b
A300 6 26.8+2.1 6.8+1.1b 7.94£0.4b 9.4+2.1b
8 23.7%3.2 7.44+0.6 b 8.3+1.2b 13.24+1.2 b
4 22.8%2.9 6.94+1.2b 9.44+0.7b 10.44+1.5b
A500 6 23.5%3.2 7.2+1.4 b 7.64+0.5b 9.64+2.3b
8 24,4+3.5 8.5+0.8 b 8.8+1.8b 11.5+1.9 b
45
40
A35
,JE 30
o 25
£
T 20
&)
15
10
5 1 L L L 1 1 1 L 1 1 1 )

12 16
%47 J& ) [B]/h Time postprandial

P10 BROUE £0 Jf 10 P A R AR AR R

Serum GH levels in juvenile red drum with AMPs in diet
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4

0 1 2 4 6 8 12 16 24 36 48 60 72
{& 4] J5 I} [B]/h Time postprandial

* RN M) A B F M2 R (P<0.05) . TR

Asterisk ( %) indicates significant (P<C0. 05) difference between treatments at each time point. The same below

2 0T JIROGT £ 3k £ i v v 28 IR I8 3R AR K R AR A 1 5 T
Fig. 2 Serum IGF-I levels in juvenile red drum with AMPs in diet
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IGF-I mRNA/(¥ I %7 X 10
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{217 J& B [B]/h Time postprandial
&3 LT R 21 4 0 B E h IGE-1 mRNA 3 J 45 4k (1 52 1

Fig. 3 IGF-I mRNA concentrations in liver of juvenile red drum with AMPs in diet

25

IGF-I mRNA/(¥% I 3 X 10%)

0 1 2 4 6 8 12 16 24 36 48 60 72
{5 %] J& B [E)/h Time postprandial

4 HoEE L it A L B IGF-1 mRNA B

IGF-1 mRNA concentrations in muscle of juvenile red drum with AMPs in diet

72 A 1) 5 1R
Fig. 4
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{HGHA P T A0 L If (e 6 h I IR IE(E . Bl S

TS 16
AE{E . H 2 h 1 4 h Bt

M8 TR . A300 4Ry I IGF-1
h T A0 4. JFfE 2 h g
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WIE IGF-1 & & & 3% & T A0 20 (P<C0. 05),
A300 41 FFIEFIWLIA IGF-T mRNA () 335 & 75 (5
Mg 4hikgE. H2h M4 hfREBREST
A0 41 (P<0.05),

3w

PL VA RK B9 AR X 43 T i — R 2 000 ~7 000
U, 20~60 2 FER AR I 4L A s X K5k £
JIK 22 B0 R A S AR E T R I B A R A X
EH 1 LA A0 R JU-F- T AR S AR FH 1 5 A 40 i A
S MR A B EAZ AT L I L5 4% e b AR 2 B T 41
KArFHE WA B 1R AL 58 2 AR 0% IR T8 AN 5
xif = A i 2 M, L AT R Y B T RN (e .
R B A AR LA MR AR S T 10 g/ kg BB
JI 5 & B X5 IR iy 38 o SRR UG R A W E R .
AL R U N 0. 15 g/kg MIPLTE KIS, 50
WER R AR MR E A KRR ER S, T AR
UL R RN 2.5 g/kg (WK A R HUH B, H
o B R A K R R A T R AR B 2 v T
. FIE BT KB RDRE R A i 0. 005 ~0. 01
g/ kg BT K AT LA S 4R v B Al 0 1 R R LT 40
SHCRA Bk S S P s TR S 0. 05 g/kg
B 4R 2B K SR R I ) A AR R S T
FR R TG PR N R 4 W R A, H R R N
AL ER I 0.3 g/kg MBI BRI K , & B0 48 AR K
AR RL A 00 & 3 R . AR IR & B, R R
0. 3~0.5 g/kg B IK T » £1 1 0 34 5 5% ) R} sk
AR RS B SR A R AR R

Sl 7y T 7E ML IR R R S I 0. 3 g/ kg
4 PR RS O A 348 %6 L BT 3 LR R S5 RN L
PG 0 & i 38 0 25 4 . (AR IR 8 & B, S i Bt
AR o Sk 2 B o 0 e ) BB S E LT MBS B K
TR G & . 31X T R BT B KX B 52 3h i 5 HE Bl
Yy (4 v T HLEROR [ B 2

W AEARKMEROAN T BMEFEFEAERKRMERE
(GH) BB B R R4 K I TAGF-D AR IR %
(Ty F1 T OSSN 5 R G & IR 4R 1A
Al & U B R H R E AR A RE RN E RS
WP R P B Y . R R AR S
P R LB u R = O o B Y/ <3 i I B )
RGP E, b imE GH 5 IGF-1 & #
FHEEAEM . XL s W B A 5 B A 3 A AT
PLo I GH 2305 58 . 7K 7= 3h 4 1t L 22 21 2 o)
L, GH 5 IGEF-T HA 1R 7 A KA i

iae, GH ml LU BE b IGF-T 43 3, i IGF-T 7K
R IE T GH B A S B . A R 4R
TH A6 18 S S 41t il v L W T R —
] & GH Fi1 IGF-T i 28 4k, {H 3 7] B2 AN i 42 1 2 e
E/INE DOl IR R & VAR A S N A S A
RAET 72 h N2 AW )AL I REAS, S5 R R
M3E GH 7K 55 21 3k # A4 P 5B R D) 32 45
WEASCHE . SRR AENT AR A ST IR B A R AR 6
PR IE GH B 52 m it & PR — B4, T £ 4
FREET] o PR S WE B (E. ilishae formis) L7 GH 7K
FHAERKMERE MG, N, GH XT3 ¥ i
A KRR AN RE R IIE . X8R 20 A Sy ofi T
GH JF A B4 WA A K, LA AR AR HT IR S 7908
W GH Mg .GH 8412 I+ GH 32 fR Ui Fl 5
AT AR DL K 5 IGF-1 By AR AR %5

GH a] DL 4% IGF-T ()% &t . 1 IGE-T I3 128 94
PG SRR DNA B 8 | e 53 R0 B 6 K 25 5
i) 2 11 A G AN T S PR X o A B P ) R
M9E IGE-T K38 54K 2 IEAMHE, ARk
PR A0 O £ 4 1 IGF-1 K F BoA 3550,
MG TGF-T 7KV B bt s Bk s in 2 0 38 m i 4 = .

R IR R SR A2 K LB M5 0 20
R H A WA S BN 3 I S S B S I R Y5
el RN . HRAR IR E UL T, T, BB A L,
FRODR MR 2240 00 T 18 AL 3 20 F A 58 2 FAE 5D
LR A T, HARIRE T T, A5
PEAANML, IF S AE 2RSS A AR N BT T,
Peo W T SRR TR MR 00 D B . 2 K T & 95 4L
RERY EEHURIRI R . Al LB, % 0. 3 g/kg
ME KX imyE T, T, SBEA R HFE . XA
fig & H i 21 i £ AR K AL 2 —

Brown %Y & B, B T, K7 1 82 5 . 40 i P
mRNA I RNA R4 8 & 5 8 15 ey A s~ e
15 s o3 iR A AR A1 o 0 R I %) WA AT 3 oo TG £ 3 £
ALK, T, Aldem % JE @ i E IGF-T mRNA ) 3&
K R AR R AR K ARHIR I & B P KK AT
WA FAEMPLA P IGF-I mRNA R EFEER T
FARE . EE TG T 0B O A R IR R
F o Wb N H B TR 3% 38 52 e ) BE 5 e R DL R GE S TR
R T 4 Mh 5 IR R AR KRS e R R R 4 AT
REIA HMHA RS 5, f e8P ahih. Ak
5 % 3, B R 8 % I o8 21 2 £ T I AL PR AP TG F-T
mRNA 3k F JEAE 451 5 P s 3 . X R 7E K
PR IGF-T /Y 3k 3 WAL AT g4t 7 T GH
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[ P A L QB9 o 0 i
A 2o 30 A 1) 45 S o

4 g5 8

(D Pk s It k(0. 3~0. 5 g/kg) W] g 7
ZLAh Y AR R 4R DR ROR AR 3 L L 0.3
g/kg HH.

(OPLHE IS WA KR (GHD Y40 W 1E
FHEME

(3) BL 1A K T TR 41 4 a1 21 rh IGF-T
mRNA Eﬁi%lt$§,1EL#IGFIE@E% 43 W5 AT
A 2 6 B 10T A G A RE L 2 TR B i
KAPERE

AT i S BURE I E AT

(5% 3k ]
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