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Abstract

In this study, the effect of the polychaete antimicrobial peptide as feed additives on fish, olive flounder
(Paralichythys olivaceus) and black rockfish (Sebastes schlegelii), immune activity was described. The
antimicrobial peptide of the polychaete was induced by peptidoglycan from Micrococcus Iluteus. The fish
were fed an experimental diet supplemented with 0%, 0.05%, 0.1%, 0.5% or 1% of immune induced the
polychaete to a commercial diet. Haematological parameters, nonspecific immunes and stress were evaluated
2, 4, 6 and 8 weeks during fed. The resistance against bacteria, Edwardsiella tarda and Streptococcus
iniae, were analysed on after 8 weeks. The haematological parameters were not significantly changed
among tested groups. But the lysozyme activities were significantly high in the 0.1% and 0.5% supplement
group of olive flounder and black rockfish, respectively. Additionally, cortisol in plasma was low in the
0.1% and 0.5% supplement group of olive flounder and black rockfish, respectively. And resistance of
these supplement groups were significantly induced against bacterial injection.
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<Table 1> Peptidoglycan and chitosan used in this study

No. Ingredient Origin Solvent

1 peptidoglycan Bacillus subtilis PBS

2 peptidoglycan Methanobacterium sp. PBS

3 peptidoglycan Micrococcus luteus PBS

4 peptidoglycan Saccharomyces cerevisiae PBS

5 peptidoglycan Staphylococcus aureus PBS

6 peptidoglycan Streptomyces sp. PBS

7 chitosan Shrimp 0.1 M acetic acid

8 chitosan Crab 0.1 M acetic acid
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<Table 2> Formulation and proximate composition of the experimental diets used for this study

fol=o| 1}

Experimental diets
Olive flounder LAP 0 LAP 0.05 LAP 0.1 LAP 0.5 LAP 1
Ingredients (%, DM)
Fish meal' 60 60 60 60 60
Fermented soybean meal® 7.5 7.5 7.5 7.5 7.5
Wheat flour 24 23.95 23.9 23.5 23
Polychaete antimicrobial peptide (LAP)? 0 0.05 0.1 0.5 1
Squid liver oil 4 4 4 4 4
Soybean oil 2 2 2 2 2
Vitamin premix* 1 1 1 1 1
Mineral premix’ 1 1 1 1 1
Choline 0.5 0.5 0.5 0.5 0.5
Nutrients (%, DM)
Dry matter 98.0 96.8 95.7 974 96.1
Crude protein 49.9 51.0 50.9 50.1 50.1
Crude lipid 10.9 11.1 10.9 10.5 11.7
Ash 10.8 10.7 10.6 10.8 10.7
Black rockfish LAP 0 LAP 0.05 LAP 0.1 LAP 0.5 LAP 1
Ingredients (%, DM)
Fish meal' 58 58 58 58 58
Fermented soybean meal® 10.5 10.5 10.5 10.5 10.5
Wheat flour 25 24.95 24.9 24.5 24
Polychaete antimicrobial peptide (LAP)? 0 0.05 0.1 0.5 1
Squid liver oil 2 2 2 2 2
Soybean oil 2 2 2 2 2
Vitamin premix* 1 1 1 1 1
Mineral premix’ 1 1 1 1 1
Choline 0.5 0.5 0.5 0.5 0.5
Nutrients (%, DM)
Dry matter 98.9 98.0 98.5 98.4 98.2
Crude protein 50.2 50.2 50.0 50.0 50.1
Crude lipid 9.7 9.5 9.6 9.6 9.7
Ash 9.1 9.4 9.2 9.1 9.5

'Fish meal was purchased from Abank Co Ltd. (Seoul, Korea).
Fermented soybean meal was supplied by CJ Cheilledang Corp. (Seoul, Korea).
3Polychaete antimicrobial peptide (LAP) was made in this study.

*Vitamin premix contained the following amount which were diluted in cellulose (g/kg mix): L-ascorbic acid, 121.2; DL-

-tocopheryl acetate, 18.8; thiamin hydrochloride, 2.7;
Ca-D-pantothenate, 12.7, myo-inositol, 181.8; D-biotin, 0.27; folic acid, 0.68; p-aminobenzoic acid, 18.2; menadione, 1.8; retinyl
acetate, 0.73; cholecalciferol, 0.003; cyanocobalamin, 0.003.
*Mineral premix contained the following ingredients (g/kg mix): MgSOs7H,0, 80.0; NaH,PO,2H,0, 370.0; KCI, 130.0; ferric
citrate, 40.0; ZnSO47H,0, 20.0; Ca-lactate, 356.5; CuCl, 0.2; AlCl;:6H,O, 0.15; KI, 0.15; Na,Se,O;, 0.01; MnSO4H,0, 2.0;

CoCly-6H,0, 1.0.
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Expression level of Arenicin-1 mRNA
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[Fig. 1] The expression of Arenicin-1 mRNA from

polychaete after immune-induction by
peptidogycans and chitosans. (*, p<0.05)
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<Table 3> Blood chemistry of olive flounder fed polychaete antimicrobial peptide supplemented feeds

LAP 0 LAP 0.05 LAP 0.1 LAP 0.5 LAP 1
GLU
1 W 2.8+0.6 2.840.6 3.0+0.5 2.8+0.4 3.2+0.6
3 W 4.0+0.7 3.8+0.4 3.1+0.3 3.8+0.7 3.4+0.5
S W 3.6£0.5 4.240.7 3.6+0.5 3.8+0.7 3.8+0.4
8 W 3.3+0.5 3.5+0.5 3.9+0.6 3.2+0.4 3.6+0.5
GPT
1 W 6.5+1.1 7.0£1.6 7.3+1.4 7.1x1.8 6.9+1.4
3 W 5.4+0.5 5.3+0.5 6.1+0.6 5.2+1.1 5.4+1.0
S W 5.8+1.0 5.5+0.5 5.8+0.6 5.0+0.8 6.4+0.5
8 W 5.3+0.7 5.7+0.7 5.7+0.8 5.8+0.7 5.9+0.6
GOT
1 W 13.3+1.5 16.8+1.5 11.5£1.7 14.840.7 13.5£2.3
3 W 7.5+1.5 8.842.0 9.5+1.7 8.6+1.6 9.8+2.7
5SW 11.2+1.9 10.0+0.0 12.2+1.1 10.3+£2.2 12.3+1.5
8 W 7.141.2 7.6+0.8 8.3£1.5 7.5+1.0 7.5+1.3
TCHO
1 W 17.6£1.6 17.3£0.5 14.4+1.4 14.1+1.9 14.9£1.7
3 W 21.4+1.8 24.2+1.2 25.4+0.5 21.3£1.6 19.1£2.0
5SW 19.7+1.2 15.7+£2.1 19.7+4.2 12.0£2.4 19.0£1.6
8 W 19.6£2.0 20.0+1.9 18.4+1.3 23.340.9 20.0£1.6
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<Table 4> Blood chemistry of black rockfish fed polychaete antimicrobial peptide supplemented feeds

LAP 0 LAP 0.05 LAP 0.1 LAP 0.5 LAP 1
GLU
1 W 2.9+0.6 3.0+1.1 2.9+0.9 2.9+0.6 2.740.7
3 W 3.0+0.9 2.8+£0.6 3.7+1.1 3.1+0.9 3.2+0.8
S W 2.1+0.3 3.0£0.7 2.9+1.0 3.2+1.1 2.9+1.0
8 W 3.1£0.6 2.8+0.6 2.6+0.5 3.7x1.2 3.3+1.4
GPT
1 W 6.4+1.5 5.4+1.3 5.3+1.3 6.9+1.2 5.8+1.3
3 W 6.1+1.0 7.3+1.6 7.8+1.3 6.7+1.7 7.4+1.9
5SW 5.9+0.7 9.0£1.8 6.4+0.9 7.4+1.8 8.3+1.6
8 W 5.840.8 5.8+0.8 6.4+1.0 6.4+09 7.7£1.2
GOT
1 W 20.4+4.5 19.0+2.4 18.0+£7.4 18.0+2.8 15.3+5.2
3 W 20.0+2.4 20.3+5.4 26.3+4.2 20.4+3.6 21.443.3
5W 18.4+3.4 17.3+2.9 18.4+4.1 25.5+4.4 25.5+1.8
& W 16.0£1.6 19.6+2.1 26.9+6.2 25.745.2 25.7€3.9
TCHO
1w 17.8+1.9 19.5£1.7 21.0£1.7 17.6+1.2 19.5¢1.5
3 W 18.2£1.7 18.6+1.6 24.0+1.4 19.3+1.3 17.9£1.8
5W 18.9+1.7 21.2+2.8 19.7+1.2 18.4+1.9 17.0£1.1
8 W 18.8+1.9 17.0£1.6 20.7+0.5 13.8+0.7 15.1£2.0
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E ) E A ? :.f% é ]
w A KA B0 O 0]

[Fig. 2] Lysozyme activity in the serum from olive flounder (A) and black rockfish (B) fed diet
supplemented with 0%, 0.05%, 0.1%, 0.5%, 1% polychaete antimicrobial peptide for 8 weeks.

(*, p<0.05)
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[Fig. 3] Cortisol concentration in the serum from
olive flounder (A) and black rockfish (B)
fed diet supplemented with 0%, 0.05%,
0.1%, 0.5%, 1% polychaete antimicrobial
peptide for 8 weeks. (*, p<0.05)

7he AFRE Aolsh A3 TelA gFAbeA HA
Y #E=EZE9 FE7F 0333 ngmlEA R
(0.828 ng/ml)e} BvliLate] fF2]#Ql zto]E HEI
om, 1 9 0.05%, 0.1%, 1%2] Agolx Z}
7} 0.486, 0.512, 0.587 ng/mlE |ETHT} Wk
o} weba] 1Y fEE A Fo] 2Ee] Hupt

28t 2B ¥4 ) Z2EFE 28 7
AZIEE 71018 = 9lE Flold

=, =
- 0.1%, 295 H9 05%Y TRz W
) =

Wodo oY B o

T G} zu g 2z}
7 FAFste] 1097 74
HAARES ERIgrozH ol AT AR A
7 Aol st Adole] FAel mx=
s AT @A =((Fig. 4-A)) 0.1%9] 74
A% o] H7FE AlRE Folsh AE oA
1092} FAFAFEO] 62.22%% ThZT14(81.85%) 9}
|uste] FejAoz wokt) S 1%2] A
| FES A7 AFRE Hold AdTelAE
04} FAHAREO] 8222%% thET9 94
Ql Aol HoOlA| AT 1 =2 HAMES B
Ak 0.1%2] AETE AL e Yol
= 0.05%, 0.5%°14 Z+2F 1094 2 #H Aol
71.10%, 74.44%% =79} F24Q1 Aol
ERubA] oksgkth xzujEeke] A-9-([Fig. 4-B]) 0.5%
o] AAPGo] Fo] HrtE AMRE Aold A¥
TollA 10dxF FAHAREC] 58.97%E thET
(79.24%) 9} wlaste] FeFo=w ity 7 9
0.05%, 0.1%, 1% AZT-29] 1092+ FAHAAFES
Z}7F 70.68%, 84.57%, 77.80%% LFEFSITE o]
AFelA] W] fEE AX o] EHo] Hrbe
APRE Folst Asjoji= Aldtel dist Aol
F7kElem,  olRAE M Lo
peptidoglycan ©. 2 T ¢fo] F¥ ZAX|Fo] e
Al et SiERel=e] o] FbE A Sk
g1t FEPo| =7t ofF oA Altel disl] =

Ho3s 4 Qe e HoFETHKim,

o =
% o o

Sl

4w Mok

—_

luteus

ZE
T=

- 1647 -



5= 05%
8k

Fodck olfl Aol =

S

A A

& of T
oy B
o 5

o J
nz B

ilin

o3
SR

9
A=
T

ok
o, o] AFRH7HA

—=—005

100 0% -

A

(%) a1 Lypeop

&

=

o aste wych el

= 0 ol
Mo B
= Mo o
= oF %o 5%
&Qﬁo_‘_moll
N
ﬂw‘_ﬂlﬁﬂﬂl
T o B
ﬂﬂﬁdﬂ
o T 3T
ﬂuﬂnavq
x5 ° H
T oo
W R go AT
=L 50
BB
ﬁa,m. r;X,UI
ﬁﬂmﬂ_ﬁ%
et
ﬂ@uﬂ%urmwm
moar T T S

100 0% -

(95) amx Ayeaop

b

ol
o1

[Fig. 4] Mortality rate of olive flounder (A) and

TR
—_—

‘Ul O#E

black rockfish (B) fed diet supplemented

with 0%,

1%
8

0.5%,
peptide for

0.05%, 0.1%,

polychaete antimicrobial
weeks. (*, p<0.05)

4

A=

o WA F

)
w5

# Aetol=g b

AR A

¥t

o

Az

2014). o1 A ®

el

(Kwon et al., 2002; Jeong et al., 2010; Kim et al.,

2014). o] At

[e)
T

7hEol gAY gholaxiel B4,

ko] AbE F7bgo] ME dgton) Jdxe] 7

0.1%°] Al

=]
=i

olyz} E. tarda®] of

HojEglon, o]

s Bee] eol il

0.5%2) Al= H7HEo] %

eN
.

o0

oy
e

N

il

N
No
ojy

dAlO
B

7 sEE olgdl W tE Zolt. =

=]
=

i
i

At

i

}_

=7

%S 0.5%
2 Mg wel A% ¥

2ol 0.1

i=]
RUS

]

EE

3]
e

¥ AFE9] Fol7t E. tarda®l T

A7t

A5 T7MTIAL ©]

olo] ~E{

"

W

o

o 3r
T B

or )
ook

- 1648 -



oAt 8§77 Aol B A ALRE ol
] o 5

=
4% a4

o o

=
Whze Fol

References

Avella, Matteo Alessandro et al.(2010). Application of
multi-species of Bacillus in sea bream larviculture.
Aquaculture. 305, 12~19.

Cho, Mi Young et al.(2008). A statistical study on

infectious diseases of cultured olive flounder,
Paralichthys olivaceus in Korea. 21, 271~278.

Davis, Kenneth B. Parker, Nick C.(1990).
Physiological stress in striped bass: effect of
acclimation temperature. Aquaculture. 91, 349~
358.

Ebrecht, Marcel et al.(2004). Perceived stress and
cortisol levels predict speed of wound healing in
healthy male adults. Psychoneuroendocrinology. 29,
798 ~809.

Fernandez-Navarro, Monica et al.(2008). Maslinic acid

added to the diet increases growth and
protein-turnover rates in the white muscle of
rainbow  trout (Oncorhynchus — mykiss). Comp

Biochem and Physiol C Toxicol & Pharmacol.
147, 158~167.

Gang, Ju-Chan et al.(2004). Effects of oral
administration with fermented product from sewage
in land-based seawater fish farm on haematological
factors of olive flounder, Paralichthys olivaceus. J
Korea fish pathology. 17, 57~66.

Gordon, R. Bell(1968). Distribution of transaminases
(aminotransferases) in the tissues of pacific salmon
(Oncorhynchus), with emphasis on the properties
and  diagnostic use of  glutamic-oxalacetic
transaminase. Jounal of the Fisheries Board of
Canada. 25, 1247~1268.

Grinde, Bjern(1989). Lysozyme from rainbow trout,
Salmo  gairdneri Richardson, as an antibacterial
agent against fish pathogens. J Fish Diseases. 12,
95~104.

Jeong, Yo Effects of diets

Han et al.(2010).

oist Atz

H7HHEAM ZHX|Ho| STHEEI0|=2 21t

supplemented with yuzu Citrus junos Siebold ex
Tanaka on diseases resistance of olive flounder,
Paralichthys olivaceus. J Korea fish pathol. 23,
389~398.

Karunasagar, 1 et al.(1994). Mass mortality of
Penaeus monodon larvae due to antibiotic resistant
Vibrio harveyi infection. Aquaculture. 128, 203~
209.

Kim, Seong-Ryeol(2014). X875 o5 o] &3t
AEATHE AAZAA AL A= R 5,
44~45.

Kim, Seung Min et al.(2014). Effects of dietary
supplementation with garlic extract on immune
reponses and diseases resistance of olive flounder,
Paralichthys olivaceus. J Korea fish pathol. 27, 3
4~45.

Kim, Sung-Sam et al.(2006). Effects of dietary
supplementation of spirulina and astaxanthin for
juvenile olive flounder, Paralichthys olivaceus in
low temperature season. J Aquaculture. 19, 57~63.

Kim, Sung-Sam et al.(2010). Effects of dietary
supplementation of fermented garlic powder on
immune responses, blood components, and disease
resistance against principal fish disease of juvenile
olive flounder, Paralichthys olivaceus in low
temperature season. J Anim Sci & Technol 52,
337~346.

Kwon, Mun-Gyeong et al.(2002). The effects of
charcoal in diet on the immune responses of
flounder, Paralichthys J Korea fish
pathol. 15, 17~24.

Lalumera, Giorgia Mary et al.(2004). Preliminary
investigation on the environmental occurrence and
effects of antibiotics used in aquaculture in Italy.
Chemosphere 54, 661~668.

Lange, Sigrun et al.(2001). Humoral immune
parameters of  cultured  Atlantic  halibut
(Hippoglossus  hippoglossus L.). Fish & Shellfish
Immunol. 11, 523 ~532.

Li, Yong et al(2008). Influence of several
non-nutrient additives on nonspecific immunity and
growth of juvenile turbot, Scophthalmus maximus
L. Aquaculture Nutrition. 14, 387~395.

Livak, Kenneth J. Schmittgen & Thomas D.(2001).
Analysis of relative gene expression data using
real-time quantitative PCR and the 2 “*“" method.

olivaceus.

- 1649 -



M
Mo
o
X
02
4>
ol
Rl
re

Methods. 25, 402 ~408.

Ma, Jing, Jing et al(2008). Effect of dietary
supplemental l-carnitine on growth performance,
body composition and antioxidant status in juvenile
black sea  bream,  Sparus
Aquaculture Nutrition. 14, 464~471.

Patrzykat, Aleksander & Douglas, Susan E.(2003).
Gone gene fishing: how to catch novel marine
antimicrobials. Trends in Biotechnology. 21, 362~
369.

Smith, Peter et al.(1994). Bacterial resistance to
antimicrobial agents used in fish farming: a critical
evaluation of method and meaning. Annu. Rev.

macrocephalus.

Fish Dis. 4, 273~313.

Vanbelle, M.(1989). The European perspective on the
use of animal feed additives. In: Biotechnology in
the Feed Industry, T. P. Lyons (Ed.), Nottingham
University Press, Nottingham, U. K., 375.

Zasloff, Michael(2002). Antimicrobial peptides of
multicellular organism. Nature 415, 389 ~395.

e Received : 25 August, 2016
e Revised : 13 September, 2016
e Accepted : 23 September, 2016

- 1650 -





