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SUMMARY
(FE2°H2)

I. Title

Development of probiotics containing antimicrobial peptides as a novel alternative to
antibiotics

II. Goal and importance

The discovery and development of antibiotics has led to dramatic improvements in
treating infectious diseases and has significantly increased food-animal production.
However, the attention was drawn to the risk of bacterial resistance to certain
antibiotics and the potential harm to both human and animal health. Therefore many
feed additives have been studied to find alternative to antibiotics. Up to now, the
typical substances are Probiotics, Acidifiers, Enzymes Mineral supplements and
Oligosaccharides. Recently, some natural proteins, such as antimicrobial peptides
(AMPs), have been isolated and characterized from tissues and organisms
representing virtually every kingdom and phylum. Antimicrobial peptides (also called
host defence peptides) are an evolutionarily conserved component of the innate
immune response and are found among all classes of life. These peptides are potent,
broad spectrum antibiotics which demonstrate potential as novel therapeutic agents.
Antimicrobial peptides have been demonstrated to kill Gram negative and Gram
positive bacteria (including strains that are resistant to conventional antibiotics),
mycobacteria (including Mycobacterium tuberculosis), enveloped viruses, fungi and
even transformed or cancerous cells.

These peptides have been known to play an important roles in insect immunity and
host defense. Most of them have a common feature of being highly basic due to
multiple basic amino acid residues, and forming amphipatic structures in phospholipid
bilayers. Their basic natures are related to the interaction with negatively charged

membranes of the target cells and their amphipathic character which allow them to be

_9_



incorporated into the membrane, ultimately disrupting membrane potential and/or
structure, and cell death.

Cecropins isolated from cecropia moths are very active against Gram—negative
bacteria, but less active against Gram-positive bacteria. Magainin-2 (MA) purified
from frog skin have weak antibacterial activity against both Gram-positive and
negative bacteria. A notable exceptions are the CA-MA hybrid peptide composed from
the N-terminal sequences of CA and MA. In order to design highly potent
antimicrobial peptides with lowered or no side effects, we have investigated that the
structure and antimicrobial activity relationships. In particular, CA-MA analogue P5
(P5), designed by flexible region (GIGP)-substitution, Lys—(positions 4, 8, 14, 15) and
Leu- (positions b, 6, 12, 13, 16, 17, 20) substitutions, showed an enhanced
antimicrobial and antitumor activity without hemolysis.

HP (2-20) (AKKVFKRLEKLFSKIQNDK) is the antimicrobial sequence derived from
N-terminus of Helicobacter pylori Ribosomal Protein L1 (RPL1). In order to develop
novel antibiotic peptides useful as therapeutic agents, potent antibiotic activities
against bacteria, fungi and cancer cells without a cytotoxic effect are essential. To
this end, several analogues with aminoacid substitutions were designed to increase or
decrease only the net hydrophobicity. In particular, the substitution of Trp for the
hydrophobic amino acid, Gln and Asp at position 17 and 19 of HP (2-20) (Anal 3)
caused a dramatic increase in antibiotic activity without a hemolytic effect.

So these new peptides not only can be applied in domestic livestock production, but
also this kind of natural substance can to be used as an alternative to antibiotics. It
will solve the problem of antibiotics resistance, and reduce the cost during importing

the antibiotics.

III. Contents and Scope

1. In this study, novel analogue peptides by chain length deletion and increasing net
positive chargeand hydrophobicity were designed and synthesized from the sequence
of CA-MA. In order to investigate the correlation between antibiotic activity and the
Leu-Lys rich model peptide the antimicrobial and anticancer activity were measured

against bacterial, fungal and cancer cells.

_10_



2. In order to obtain peptides having improved antibiotic activity with lowered or no
cytotoxicity, in this study, novel analogue peptides with amino acid substitutions were
designed and synthesized based on the sequence and a-helical wheel diagram of HP
(2-20). Several modifications of these analogues have been designed. In the present
study, the antibiotic effect of synthetic peptides against Gram-—positive bacteria,

Gram—negative bacteria and pathogenic fungal cells were measured.

3. The hybrid and analogue peptides were synthesized by the solid phase method

using Fmoc-chemistry.

4. In this study, effect of feeding antimicrobial peptide P5 was investigated in
weaning pigs and brilers, respectively. P5 antimicrobial peptide was produced by

using specially designed L. caser expressing P5 on their surface.

5. In this study, effects of antimicrobial peptide A3 on performance, ATTD, fecal and
intestinal microflora, intestinal morphology and serum immunoglobulins of weanling pig

and broilers were evaluated when used as a substitute to antibiotics, respectively.

6. In this study, antimicrobial peptide—-A3 was used as an alternative to antibiotic Iin
broiler diets and performance, nutrient metabolizability, intestinal morphology, serum

immunoglobulins, excreta and intestinal microflora were evaluated.

7. Antimicrobial peptides P5 and A3 were compared with antibiotic on performance,
nutrient digestibility, serum immunoglobulins, intestinal morphology, excreta and

intestinal microflora in weanling pigs and broiler.

_11_



IV. Results

1. The appropriate flexibility of the central hinge region and the
hydrophobicity at position 16 of CA-ME and CA-MA  hybrid peptides,
respectively, are iImportant in designing novel antimicrobial peptides with

antibiotic activity but no hemolytic activity.

2. The peptides, A'°~CA(1-8)-MA(1-12), V'°~CA(1-8)-MA(1-12) synthesized in this
study displayed a similar antibacterial and antitumor activity compared to L-CA-MA
while displaying low or no hemolytic activity at a high peptide concentration of 100 p
M. Therefore features of these synthetic peptides having cell membrane selectivity

may aid in the design of better antimicrobial peptides.

3. CA-MA and CA-ME hybrid peptides were necessary of approperty bend

structure for maintain the antimicrobial activity.

4. The analogues of CA(1-8)-MA(1-12), with Ala and Leu substitution of at position
2 in CA(1-8)-MA(1-12) were synthesized and investigated antitumor activity. The
results showed that the Trp residues t position 2 in CA(1-8)-MA(1-12) was important

of antitumor activity.

5. The analogues of PMAP-23, Ala substitution of Pro or Trp In
PMAP-23 were synthesized and investigated the relationships between the structure,
antibacterial activity. The results showed that the Trp at position 21 in PMAP-23 has
play an important role in interaction of cell membrane and a-helical structure was

detected in TFE condition.

6. The a-helicity of Brevinin 1 and Thanatin hybrid peptides were important to

antimicrobial activity.

7. There were no noticeable differences in performance, intestinal and fecal

microflora among pigs fed P5 antimicrobial peptide and P5 diets. However, dietary
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treatments had no effect on the serum immunoglobulins and intestinal morphology.

8. P5 was more effective than positive control in reducing excreta coliforms and
cecal Clostridium in birds. However, dietary treatments had no effect on the serum

immunoglobulins and intestinal morphology.

9. Pigs fed 90 ppm A3 antimicrobial peptide diet had lesser fecal coliforms, total
anaerobic bacteria and Clostridium spp. than pigs fed NC (without any antimicrobial)

diet.

10. There were no differences in the variables measured in birds fed positive control
and 90 ppm A3 diet, except for positive control being more effective in reducing

excreta coliforms and total anaerobic bacteria.

11. Less Clostridium spp. were present in the feces of pigs fed antimicrobial peptide
A3 and P5 when compared with pigs fed NC diets, while pigs fed NC diet had the

highest number of fecal coliforms.

12. All of bacterial population in experiment of treatment NC was significant changed;

apart from this in treatment A3 is only coliforms that significantly increased.

V. Application

1. The analogue peptide (P5) derived from CA-MA and peptide (A3) derived from HP
(2-20), possessing the higher antimicrobial activity but lower cellular toxicity. We will
apply these results to the developments of the antimicrobial peptides as therapeutic

antibiotics.

2. These analogue peptides synthesized in this study could be applied in

understanding the structure-—antibiotic function relationships of antibacterial peptides.

3. These analogue peptides As hybrid and analogue peptides expressed on the

lactobacillus surface in our study acted on Gram-positive and negative bacteria, fungi
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and human blood red cells, respectively, these peptides could be applied in elucidating

the details of target cell specificity

4. Moreover, it will establish the techniques for peptide’s design, surface expression
on lactobacillus, and mass production. In order to evaluate these antimicrobial

peptides substituting for antibiotics in feed industry.
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¢l AT 88 TAlO FUteke B97F Bl AAAS S8 B AlokE WAL
CHTaniguchi et al, 1993). wWehd & AN = @] o Alx5do] sl @
o] =0 S 9% A 7F JF Folth

AEA o= A HAHA HIA(nnate immunity) 2 <F4Ho](host defense)el] =&

gt o HElo|=r) EA) e o] Ht

& s o 7 =0l ®ol &¢Aa vk 53],
TE, AT R Efees TEE 4F AEAS olsg WA 4% A v
o] el dgsted o2l FFe HfAeto|l=E ol&, W WolA(Immune defence)E 7141l
Atk Zlol A vt olgfgh ZhEH H 5ol BN 2 FRAARe] wdd odt
of B I FElel=rt WAL 9len, o] T Y FEol== Z4F mAdEdd o
o G FAe] S 71#el EAH M E(target celDe] A o] TS =Hphospholipid layer

2] 34

membrane) ¥ Agel] o] glar, Jete]=2o] ¢ X ujA (amphipathic)oll g A9}
%] ion channel B pore®] /o] AxE=e] HHLE WA 7| AL, AlEES 935t
Aol = AEL AlE(cell lysis)oll o] 2 A dtrial 918 =]aL )

e 7 AZIst T E B Aol tiAer] f3 A 5o FHor ogdke
W g Z7bEdA s eaddi R om olF AREstal vk 1962\l Bombina
Variegata gt el e EVEH oA A B &89S Ad JEel=e EAE AR

15k, o] F 24709 efm|ato R FAE bombininel & it HERI=TF HEE
ﬂ,\;\lﬂr. 19710 ¥ Ha(bee venom)ZH-E melittino] &k HEo] =7} A A F o] 3
peptides®] TF¢& ZA&7]Hol wigk A77F EAA R S PH= AVIZE HAY a4
melittin® 53 LS AU degl= B8t ZHd EdHFH el e 9
s Zr o R el Alat FAA RS AEE T o ol dAE WA 7 8l
Atk WERA melittin®] A o] &, o] glow Fw@do]l g HA Jrto|=o
As S B A5 FAu=EA HATh

TEan olFA A et fEel=E Aol T H Heeol=2 AT Adte] a
-helical wheel diagram= 7|Z2 ofu|=AbS X33t} E%], fElo]=9] A Fx2oF A
g o] AaA (Hunter et al, 2002)E 7|22 3to] A|EEAo] gla 7|50 X9 4
Elol =5 A, 7stal lom, AFEHE ol&ste] HEol= FxE oS53taL, o] FxEHF

o
o
£
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A 1 A o|2%, A

<ANAF-IA, 24>

7t fetol=9 HA R A4

Felol=9] AL Fmoc(9-fluorenylmethoxycarbonyl)E o}n]:=2Fe] Ny—amino group
o] ®.3% 7](protecting group)@ A}-&-3l= 314 (solid phase method) o2 gt} 2 A+
oA AAZ  Feol=e] JtERidwdo] -NH; dEil  SEle]=:=  Rink  Amide
MBHA-Resing &2&d 2 Abgetn, 7t254dddo] -OH defe] fElo] == Fmoc-otv] =
AF-Wang Resing W& 22 AF8-3c}, Fmoc-oFR] =49 couplingol] 938+ #E}o]= chain
9] A (elongation)< N-hydroxybenzotriazole (HOBt)-dicyclo—hexylcarbodiimide (DCC)
Holl  oJsit), 7z} Felo|=9] ofm|wite] Fmoc-obH| =4S coupling A7l %, 20%
piperidine  /N-methylpyrolidone (NMP)&o° %  Fmoc”’]|E AA32 NMP H
dichloromethane (DCM)Co.2 ofefl HojFE o3 Ai 7t2=2 @ . o7]e] TFA
(trifluoroacetic acid)-phenol-thioanisole-HoO-triisopropylsilane (85: 5: 5: 2.5: 2.5,
vol./vol.) &NS 7}8tal 2-3A1F WAl A BE 7] AlA H resineZ HEH HElo|l=E F
YA v, diethylether® FEo]l =5 A3t A o] #HA dte] 2 crude HEFo|==
0.05% TFA”7} %%l acetonitrile gradient®= 3}o] AA|3E reverse phase(RP)-HPLC
column (Delta Pak, Cis 300A, 15p, 19.0 mmx30 cm, Waters)S o]&3te] HFAgc}, 7}

[o;
O

gt HElo]= 2 6N-HCIE 110°ColA 24A17F 7Feis] A7l & 7A s 7gssE 3 4,
0.02N-HClol| so]A o}mi=Ak B4 7] (Hitachi 8500 A)E o}m| A 2AS =A 3t} FElo)

S FEE led 71FORT ohvwdt BAje] dnz Rel At

. ged A7

g gAY FHE e dAGEe2)e FeE g<lsy] 918 Sodium Dodecyl
Sulfate Polyacrylamide Gel Electrophoresis(SDS-PAGE)+ Laemmli(Laemmli et al
1972)¢] Wl uwhel slab geld o]g3te] F=3sty, AR FFdMAL 15% acrylamide
gelol| loading3ttl. #7]9% &, gel= coomassie brilliant blue R-2500.% A3},
destaining buffer(MeOH: glacial acetic acid: distilled water = 30: 10: 60)=2 &35} ct
Wz o] handE FHelslit), B 35 @A 2= Low Molecular Weight Range?l Bovine
Serum  Albumin(66 kDa), Chicken Egg Ovalbumin(45 kDa), Rabbit Muscle
Glyceraldehyde-3-phosphate Dehydrogenase(36 kDa), Bovine Erythrocytes Carbonic

5
[e)

Anhydrase(29 kDa), Bovine Pancreas Trypsinogen(24 kDa), Soybean Trypsin
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Inhibitor(20 kDa), Bovine Milk a-Lactalbumin(14.2 kDa), Bovine Lung Aprotinin(6.5
kDa)& ©o]&3sle] Gzl Faks &l

L= 1 T 5 KO S 8

Escherichia coli (KCTC 1682), Salmonella typhimurium (KCTC 1926),
Pseudomonas — aeruginosa (KCTC  1637), Bacillus subtilis (KCTC 1918),
Streptococcus pyogenes (KCTC 3096) % Staphylococcus aureus (KCTC 1621)+= A
g8t G4 Korean Collection for Type Culture (KCTC)=FE 4t 7} bacterial
cellsi= LBOlA] mid-log phaseZ}A| w%ste] 969 microtiter plate (Nunc)dll @A Ao =
A3k fetol= folS ZF AT 100 wH Wil o7]ol] bacterial cellse] e HjA]
100 wA 7vek §, 37CelAM a2k WA 620nmolld FE=E SAsk,
UEIUA] &= v 5 H A AIA5sE=MIC: minimal inhibitory concentration)®
THKim et al, 2005).

N
Ll

m{oi'
Y ol
ki
N

o
rok

. A
g OJ Candida albicans (KCTC 7121), Aspergillus flavus (KCTC 1375)
9 Aspergillus fumigatus (KCTC 6145)2 A}l 3o & 7k A9 2x10° cell?}
HeE wgolE: XS YMuiA 100 w #5% §, dAFoR 343 JFEolm §a&
zr o dg 10w ¥a, 30C wigrldA 24412 WA gt MTT
[3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide] €<% [5mg of
MTT/mé of PBS (pH 7.4)]& Zt74e] el ¥ar 37T #jg7]oll A 443t &<k st 7t
do] FF%EE ELISA reader (Molecular Devices Emax, USA)Z 570nmolAl 54 3t}

(Lee et al, 1999).

o?l:

S

&

K3 2

o
o,

nH

vt AET £EEAH 53

HAetol=o] MEZALS ALY A+ 88 oz SAHFT A Ad+ (human
erythrocytes)E phosphate-buffered saline (PBS: 35mM phsosphate buffer/0.15M
NaCl, pH 7.0)2 A ¥ Al#3}iL, Phosphate-buffered saline® @ 3413 8.0% A+ &
HS 96-well microtiter plated] 100 loadingdt 3=, o 7)ol FElol= LHS 1002
Aol = F, 37°Celld 1R wfekRt § 414nmo1w F4% ZA%H1D. 0.1% Triton
X-1002 A#as 459 @S 100% &d=E=2 ALtstar fEto]=9] % hemolysisi= th
59 Aol oate] At FrHKim et al, 2006).

O

% hemolysis = [(AbsSsi4nm in the peptide solution — Absiisnm in PBS) /
(Abssianm in 0.1 % Triton X-100 - Absiunm in PBS)] X 100
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HA4 Z7d Wdl AESFE 37T, 5% CO9F Fa3hd w7l A a-MEM #f el

(5 6TAA 3087 383 FBS 10%9} 1x antibiotic—antimycotic JAES F3HS o
1

A}, Cyto toxicity test (LDH assay)

29 g AdS Agd & LDH assays Al &8, 293e] NADH solution, pyryrate
solution, enzyme controls £H|SlY] plate?] A E A3 EE°] 42 T 7 welld 25
W 96 well paltedl]l =7t} o]u], enzyme control®= 252 96 well palteo] ¥+
NADH solutions eppendorf 8-delivery repeat pipetterE ©]-&34 7} well & 10004
Y1} pyruvate solutionS eppendorf 8-delivery repeat pipetterES ©|-&314 Z} well B
252 Y=t} pyruvate solutione ¥+ FA] HH$S Al 22 BEE microplate reader
£ ol&allA 340nmelA 3EEd FHEE SAIH MTT W& o83t AML-2/WT
WA ES AML-2/D100, AML-2/DX10091A4 of#] feto]=o] o Ax=4S 742 54
gkt

%

S

<HEAT718, () "ol gy s>

7 2HEd &Y 3 Wy
1) A7 959

3
UAd A7) de2 Laemmlie] el oA 3 oA, EF 7130mlel separating
gelol 10ml of stacking gel& AF&3}H SDS-sample buffer= 0.125M Tris(pH 6.8)
buffer, 2% SDS, 5% Sucrose, 5% B-mercaptoethanol 12|31 0.0025% bromophenol blue
2 olFo)A gJom, Z}7Z} welld 100ug? total proteine loadingd oG, 7] JFo] &

W % acrylamide gel Coomassie blue 2 oly Silver stainingS A A gk}

2) Western blot
SDS 7] &l o9& a3k dmzaAe NC paper® %7 U 2% &% $fFdoz
blocking*17). PBS® 30&&<t AlAT v @Al s dea 1-2413F A= A3
alkaline phosphate7} 2% o]x} Al Aelgttt. thr] PBSE 301F AlA g th3 NBT
N

off

<HETAF7|H, FLddgu>
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7 A AlgY 37 HEll= P5e) AAAEES FAA G Hlug B 4%, 9%x
ii}% 270l F A Wt mxE dskd B3 ¢
= 16075 FAIsFY] (4A 7] 4¥WHE dHE 105) Phase I ¥ phaselI & Yo A}

FAYS A 9PEE A MEEE 1R (3 16%T) EEele] £4e Arjshde wa
2 g § 7 R 2ART

AMPT 1
NC PC 1 T o
Replicate 4 4 4 4
Heads/Rep. 10 10 10 10
Sub-total 40 40 40 40
Grand total 160

* NC: Negative Control, PC: Positive Control(Antibiotics), AMPT I : Antimicrobial Peptide
type I, L(1, 2): Supplemental Level

1) ZAPEHE

o Phase I ¥} Phasell & A&E(SAH, ArSAAHAE, A28 T5)
o Total tract nutrient digestibility

o Apparent ileal digestibility

o 2Fha 7] el

%8 A M AE

ZF morphology e A}

Az At HaE B 4%, 4%

4. %4 AW 7 Heel= P5e) HAH
= Ao B3 ATHY

a3E, &% FEgs dad v

SA 240945 FASFY] (4A 7] 4wHE, ¥R 1597 Starter®} Finisher® Wro] AL
AES AAt, AdFa Al wHEEE 258 (F 329) Z2Alete] Ao FEEgAl wdy)
F7ad & Zb S FALSHH

AMPT 1
NC PC 1 2
Replicate 4 4 4 4
Heads/Rep. 15 15 15 15
Sub-total 60 60 60 60
Grand total 240

* NC: Negative Control, PC: Positive Control(Antibiotics), AMPT [ : Antimicrobial Peptide
type I, L(1, 2): Supplemental Level
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1) AL E

o Phase I ¥ Phasell1 & AHE(GAH, AEAFAZE, AR T8)
o Total tract nutrient digestibility

o Apparent ileal digestibility

o =AY

o 23ptIl 7] AL

o U WA=

} morphology B ZA}

s
o
[e]
IS

Y
o

. AE ARl ATA AN W T Aeel= P5 & AZAH FAAste Ha
Y

£ T A, d%4 438, &7 FHTH 2 vXe g #F AEE
ol A= 160FE FAIste] (448 4¥bE wHEY 105F) Phase I ¥} phasell 2 W7o
AR ANBTY ARFER A WEER 15 (E 16%) £Hele 28] FejeaQl w
g3 goue 5 74 e 2Ae
NC PC 1 pPC I AMPT 1+P
Replicate 4 4 4 4
Heads/Rep. 10 10 10 10
Sub-total 40 40 40 40
Grand total 160

NC: Negative Control, PCI: Positive Control(Antibiotics), PCII: Positive

Control(Probiotics), AMPT I +P: Antimicrobial Peptide type I +Probiotics

1) XA
> Phase I ¥ Phasell ¢ A&E(TA™, AR, A5 aT8)
o Total tract nutrient digestibility
o Apparent ileal digestibility
o 23ttal 7] AL
o 27 morphology AFE] FA}

R

R

g, A AU AEA WAA wEy FF Helo|= P5 - AFAL FAAgte Hm

E T AE, %L &28E, 279 FHSH 22 nAle G BT ATHE
FE n

FA 240575 FAIsE] (4A 7 49bE WS 155%) Starter®} FinisherZ 7o) AMSY
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We AN APER A MEFER 254 (3 329) mHe] AFe) Fus W
e 5 7t 35 2L
NC PC 1 PC II AMPT T1+P
Replicate 4 4 4 4
Heads/Rep. 15 15 15 15
Sub-total 60 60 60 60
Grand total 240

NC: Negative Control, PCI: Positive Control(Antibiotics), PCII: Positive
Control(Probiotics), AMPT I +P: Antimicrobial Peptide type I +Probiotics

1) =AM
o Phase I ¥} Phasell 9] JE(ZAZF, Ar2dAZ, A28 78)
o Total tract nutrient digestibility

o Apparent ileal digestibility

- EAYY

. 2= AR A2 3 HEo| =9 A v A wigE I HEO|=E A39 F
A et Hlag S5 AR, FEE A3E, &A%Y FHTE B nXs P #
Sl
ol A= 20075 FAlSte] (58] 4¥bE ¥HEY 105F) Phase I ¥ phasell & W7o

NC PC 1 PC I AMPT I  AMPT 0O+P
Replicate 4 4 4 4 4
Heads/Rep. 10 10 10 10 10
Sub-total 40 40 40 40 40
Grand total 200

NC: Negative Control, PCI: Positive Control(Antibiotics), PCI: Positive
Control(Probiotics), AMPTI: Antimicrobial Peptide type I, AMPTI+P: Antimicrobial
Peptide type II+ Probiotics
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1) 2AVE
° Phase I ¥ Phasell o] AAE(TAHZ, A5AAZ, ALR878)
o Total tract nutrient digestibility
o Apparent ileal digestibility
o dsheal 47) weEl
o 2% morphology A Ef AL
e
uh 47 Aed A2e 3F Beol=oh ATA AN Mdd FT Wepol= A3 A
A HIE BF AR, G2 A5, 239 FEY Ggd AR G| B
SRR
A 3005 #Alste]l (5AE] 4¥HE, wHET 205°) Starter®t Finisher® 7o AFGA
AS AARY AYPFTR A RBEEER 254 (T 407) =F5te] A% FESHA Y wdy
e 5 4 S ARG

NC PC 1 PC I AMPT O AMPT II+P
Replicate 4 4 4 4 4
Heads/Rep. 15 15 15 15 15
Sub-total 60 60 60 60 60
Grand total 300

NC: Negative Control, PCI: Positive Control(Antibiotics), PCII: Positive

Control(Probiotics), AMPTII: Antimicrobial Peptide type I, AMPTI+P: Antimicrobial
Peptide type II+ Probiotics

3)

e

Phase I 3 PhaseI 9] A E(FAE, AARAHAZE, A5 87E)
Total tract nutrient digestibility

Apparent ileal digestibility

E=A

e
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A 2Ad AFYE

<A 1AFZA, 249>
o83 peptide 7N 2 A 7% aHHZ

el e it AElE(PRE AW FEaAd s AAle] JA4d weleelE oy
o FAA T B4
o] A i Akl =R Ay GEnpdes AEAe WAy E2RelE Ao g
A 75 B
7] : A9
E

ol wd FF ARl =EHE AYTE g s A 54 A
F 0] ] 7H% = 7_%]' HE]'O]EE_E]- 51— /\Hi% f%l—/\g TQE}O]E(Q-F% :}‘EFJ'O]E)-‘Z] @73”

<HETIHA, (F)Hlol ey =>
oHH o] fhkt W T BA A 2 uad A T2 REY AY
o»ﬂa«vlﬁ e e Weje] ARl 2E)

S5 el 54, Al

SHElE P A WA Ele] A B Ay oY
elol= GABAY fakt TA B F= 2L )

G A tHAAZA A WA A v et fEke]= P FAA Al 8
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A3 4 A4E4HE Ve

<Al 1 AF-FA-ZHd>

7h 1A=

L AEA fre FaRetel=] &4 4 FAH Hetol=o] HA, 34 4 I 84 A

(1) Cecropin A(1-8)-Magainin 2(1-12)9] &5 F7F 2 + A9 W3y} 3+ A9
v X = FIF

Cecropin A(1-8)-Magainin 2(1-12) 3% #Helol=9] 4, 5 6, 8, 12, 13, 14, 15, 16,
17, 20& Lysine® Leucinel® X 3ste] + ATy 254 HFYES S7FAZ Cecropin
A(1-8)-Magainin 2(1-12) Al Hetol=E FH o rste] C-LH(HSAKKF) deletion, N-
THKKK), C-2wH(KKK) addition, Hinge region GIGE Proo.& 2|3+ AlA o]E2] &t
e S48 en, CA-MAS] FAAl sHete] =2l P57F Al Xtol thal zH2F 3 rt 4
w7k 4] =8 A (MIC :minimal Inhibitory concentration)< YWEMHSITH 3 hinge

region®. 2 4# 7 GIGE prol® XIANALE o= J3FS mxx] = Ao 2 Hol
hinge regiong prol.Z XA 7o 2 A HEo)E 9] sized A & gon FFIdAAE FX

5= Aoz YEk.
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1) Antimicrobial effect of CA-MA and its analogues

Table 1. Amino acid sequence of CA(1-8)-MA(1-12) hybrid peptide and its analogues

Peptides Amino acid sequence Remarks
CA-MA  KWKLFKKIGIGKFLHSAKKE- NH, Parents peptide
P1 KWKLFKKIGIGKFL-NH, CA-MA : C-terminal deletion
(HSAKKF)
P2 KKKKWKLFKKIGIGKFL-NH- P1 : N-terminal addition
(KKK)
P3 KWKLFKKIGIGKFLKKK-NH2 P1 : C-terminal addition
(KKK)
P4 KWKKKKKKPKFL-NH, CA-MA : C-terminal deletion
(HSAKKF) and substitution of
GIG—Pro
L4—Ky, F5—Ks, [i—=Ksg
P5 KWKKLLKKPLLKKLLKKL-NH, CA-MA : substitution of GIG—Pro

Ly—Ky, Fs—Ls, Ke—Ls, [:—Ks,

Kig—Lig, Fi13—L13, L1is—Ku, Hi5—Kis,

S1s—Lis, A17—=Li7, Fao—Lao

Table 2. Molecular weight of CA(1-8)

determined by MALDI-MS

MA (1-12) hybrid peptide and its analogues

Peptides Calculated values Observed values Retention time
CA-MA 2402.48 2403 17,453

P1 1704.10 1706 17.825

P2 2088.30 2090 16.970

P3 2088.38 2090 15.854

P4 1585.07 1586 11.430

P5 2244.60 2246 16.822
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Table 3. Antimicrobial

activity of CA(1-8)

MA (1-12) hybrid peptide and

analogues
MIC : uM
Peptides Gram-—positive Gram-negative bacteria Fungal cells
bacteria
B. S. P, S. C. 7T. beigelil
subtilis epidermidis aeruginosa  typhimurium  albicans
CA-MA 3.125 1.56-3.125 1.56 0.19 12.5 3.25-6.25
P1 3.125 6.25 3.125 0.19 12.5 12.5
P2 3.125 1.56-3.125 1.56 0.19 12.5 3.125-6.25
P3 3.125 6.25 3.125 0.19 12.5 12.5
P4 6.25 12.5 3.125 1.56-3.125 25 25
P5 0.78 1.56 0.78-1.56 0.097 6.25 3.25

Table 4. Hemolytic activity of CA(1-8)-MA(1-12) hybrid peptide and its analogues

Peptides % Hemolysis (uM)
25 12.5 6.25 3.125 1.56 0.78 0.39 0.195
CA-MA 0 0 0 0 0 0 0 0
P1 0 0 0 0 0 0 0 0
P2 0 0 0 0 0 0 0 0
P3 0 0 0 0 0 0 0 0
P4 0 0 0 0 0 0 0 0
P5 0 0 0 0 0 0 0 0
Melittin 100 100 100 95 93 31 0 0
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Figure 1. FACScan analysis of propidium iodide staining in C. albicans. C.
albicans (2X10° cells in YPD media) were mixed with peptides at a
concentration of 20 pM and incubated at 28C for 30 min under constant
shaking. A, control staining without any peptide treatment; B, PI
staining of cells treated with CA-MA ; C, staining of cells treated with

analogue P5
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Figure 2. Measurement of fluorescence by DPH labeling in in vivo
membrane. A : B. subtilis, B : P. aeruginosa. CA-MA (@), P1 (O), P2
(¥), P3 (V), P4 (), P5 ()
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Figure 3. Scanning electron micrographs of untreated (A) and after
treatment for 30 min at 37C with 1.56 M peptides of P. aeruginosa. A;
No treated peptide, B; CA(1-8) - MA(1-12), C; analogue P5, D;
Melittin

Figure 4. Confocal fluorescence microscopy of C. albicans cells treated
with FITC-analogue P5. Exponential phase C. albicans cells were
incubated for 15 min at 30C with 3.125 M of FITC-labeled CA(1-8)
MA(1-12) analogue P5. A; No treated peptide, B; FITC-anal P5.
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Influence of the N- and C-Terminal Regions of Leu-Lys Rich Antimicro-

bial Peptide on Antimicrobial Activity

Hae Kyun Park', Hak-Tae Lim?, Byung Jo Chae’, Kyung-Soo Hahm"

** and Yoonkyung Park"®”

!Research Center for Proteineous Materials, Chosun University, Gwangju 501-759, Korea; *Division of Biotechnology,

Kangwon National University, 192-1, Hyoja2-Daong, Chunchon,

Kangwon-Do, 200-701, Korea; jDepl of Animal Re-

Source Science, Kangwon National University, 192-1, Hyoja2-Dong, Chunchon, Kangwon-Do, 200-701, Korea; "Dept.
of Cellular & Molecular Medicine, School of Medicine, Chosun University, Gwangju 501-759, Korea; *Dept. of Bio-
technology and BK21 Research Team for Protein Activity Control, Chosun University, Gwangju 501-759, Korea

Abstract: P5 (KWKKLLKKPLLKKLILKKL-NH;) is an antibacterial 18-mer Leu-Lys rich peptide from CA (1-8)-MA
(1-12) hybrid peptide (CA-MA). Here we show that decreasing the net hydrophobicity and charge of CA-MA by deleting
Leu- or Lys- of the N- or C-terminal regions of P35 (P10 or P11). The antimicrobial activity of the peptides was measured
by their growth inhibitory effect upon §, aureus, B. subtilis, P. acruginosa, S. typhimurium, E. coli, T. beigelii and C. albi-
cans. Antimicrobial activity required a full length C-terminus. Confocal microscopy showed that P11 was located in the
plasma membrane. In this study, P11, K*K*L°L -deleted peptide. acted independent on the ionic environment, Further-
more, PL1 causes significant morphelogical alterations of the fungal surfaces as shown by scanning electron microscopy.

Keywords: Antimicrobial activity, Leu-Lys rich peptide, P11 peptide, scanning electron microscopy.

INTRODUCTION

Due to the often use of conventional antibiotics, new
strains of bacteria have emerged over the last two decades,
that are resistant to most, if not all available antibiotics [1-
10]. Antimicrobial peptides have recently drawn much atten-
tion because of their ability to overcome such resistance and
emerge as a potential new class of antibacterial agents (e.g.
[11-14]).

These antibacterial peptides are known to be important
components of innate immunity and the host defense system
of insects, amphibians and mammals [15, 16]. Antibacterial
peptides can be classified into cytotoxic peptides such as
melittin (ME) that can lyse mammalian cells as well as bac-
terial cells [17] and peptides such as cecropin A (CA) [7,18,
19] and magainin 2 (MA) [6] that are active only on hacterial
cells. CA, a cationic 37-amino acid antimicrobial peptide
was isolated from Hyalaphora cecropia pupae [18] and MA,
a cationic 23-amino acid antimicrobial peptide was discov-
ered from the skin of the African clawed frog, Xenopus
taevis [6]. Both CA and MA exhibit strong antibacterial ac-
tivity but no cytotoxicity against normal mammalian cells,

In our previous study, CA-MA analogue PS5 (PS), de-
signed by flexible region (GIG—P)-substitution, Lys- (posi-
tions 4, 8, 14, 15) and Leu- (positions 3, 6, 12, 13, 16, 17,
20) substitutions, showed potent antibacterial activity in
minimal inhibition concentration (MIC) [20],

In the present work. novel analogue peptides by decreas-
ing the net hydrophobicity and charge by deleting Leu- or
Lys- of the N- or C-terminal regions in P5 were designed and
synthesized. In order to' investigate the correlation between

=Address correspondence to these authors at the Research Center for Pro-
y, Gwangju 501-759, Korea; Tel: 82-

56, +82-62-227-8345. E-mail: kshahm@chosun.ac kr,

v k parkaichosun.ac kr

0929-8665/08 $55.00+.00

antibiotic activity and the Leu-Lys rich short peptide the
antimicrobial activity were measured against bacterial and
fungal cells. Additionally, we will discuss the importance of
N- or C- terminus of Leu-Lys rich peptide, the antibacterial
effect of analogue using the membrane probe and its effec-
tiveness on the damage in the cell membrane,

I. MATERIALS AND METHODS
1.1. Peptide Synthesis

The peptides were synthesized by the solid phase method
using  Fmoe(9-fluorenyl-methoxycarbonyl)-chemistry [21].
Rink Amide 4-methyl benzhydrylamine (MBHA) resin (0.55
mmol/g) was used as the support to obtain a C-terminal ami-
date peptide. The coupling of Fmoc-L-amino acids was per-
formed with N-hydroxybenzotriazole (HoBt) and dicyclo-
hexylcarbodiimide (DCC). Amino acid side chains were pro-
tected as follows: terr-butyl (Asp and Thr), trityl (Gln), ters-
butyloxycarbonyl (Lys and Trp), pmc (Arg). Deprotection
and cleavage from the resin were carried out using a mixture
of wifluoroacetic acid, phenol, water, thioanisole, 12-
cthandithiol and triisopropylsilane (82.5:5:5:5:2.5:2 v/v) for
3 h at room temperature. The crude peptide was then repeat-
edly washed with diethylether, and dried in a vacuum. The
crude peptides were purified by a reversed-phase preparative
HPLC on a Waters 15-um Deltapak Cz column (19 X 30
cm). The purified peptides were hydrolyzed with 6 N HC! at
110 °C for 22 h, and then dried in a vacuum. The residues
were dissolved in 0.02 N HCI and subjected to an amino acid
analyzer (Hitachi Model, 8500 A, Japan). Peptide concentra-
tion was determined by amino acid analysis. The molecular
masses of the peptides were confirmed with MALDI (ma-
trix-assisted laser desorption/ionization) mass spectrometer.

1.2. Antibacterial Activity

Staphylococcus aurens (KCTC 1621), Bacillus subtilis
(KCTC 1918), Psendomonas aeruginosa (KCTC 1637),

© 2008 Bentham Science Publishers Lid.
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(1) Peptide (P5) SERIA A AFA Y dF A4 & IJAA 754 AF 27

lactabacillus Lac+P5

E.col 0.125 0.0625

S.aureus 0.125 0.0625
C.albicans 1 0.5

TslE AHe] Peptide(P5)E HElOl= EAS FXst=A 8187 fste] a3 44
(E. colD, 2% FA4T(S. aureus) 2 WL +3F0|(C. albicans)o~ &A &d& 435S

ohoonoAsh, @4 e P5 BEkelssh @Al J1AeIA fAE 34 24 ARE
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AHA el =(A3)7F HP (2-20) Rt} Gram-positive, Gram-negative bacteriaoll A 10H]
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.
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© SERAe Fo9 JRL WAL AL FHeA.
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Table 1. Amino acid sequences of synthetic antimicrobial peptide derived from H.
pylori  ribosomal protein L1 and its analogue peptides

Peptides Amino acid sequences Remarks
HP(2-20) Akkvfkrleklfskigndk-NH, Native
Al Akkvfkrleklfskiqnwk—NHy DY, W)
A2 Akkvfkrleklfskiwndk-NHo Q" ., W
A3 Akkvfkrleklfskiwnwk-NHs Q" DY, W' wh
A4 Akkvfkrleksfskiqndk-NH L%, s
A5 Akkvskrleklfskigndk-NH, F° , SH

Table 2. Molecular weights of the peptides determined by MALDI-MS

Peptides Observed value  Caculated value Retention time (min)
HP(2-20) 2320 2319.38 17.821

Al 2390 2390.43 19.539

A2 2377 2377.40 20.946

A3 2448 2448.45 22.375

A4 2295 2293.33 10.680

A5 2261 2259.34 15.408
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Table 3. Antibacterial activities of HP(2-20) and its analogue peptides

MIC : uM
Peptides
Gram-positive bacteria Gram-—negative bacteria
B. subtilis S. aureus E. colr P. vulgaris
HP(2-20) 3.12 12.5 12.5 6.25
Al 0.78 6.25 3.12 0.78
A2 0.78 6.25 3.12 3.12
A3 0.39 0.78 1.56 0.39
A4 12.5 50 25 12.5
A5 6.25 50 12.5 12.5
Melittin 0.19 0.78 1.56 1.56

Table 4. Antifungal activities of HP(2-20) and its analogue peptides

MIC : uM

Peptides C. albicans T. beigelii S. cerevisiae
HP(2-20) 25 12.5-25 25

Al 12.5 6.25 12.5

A2 12.5 6.25-12.5 12.5

A3 6.25 3.12 3.12-6.25

Ad 50-100 50 50

A5 100 50 50-100
Melittin 3.12 3.2-6.25 3.12
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w3 AS7F AESAS ZteAe] RS SASH] flste] Abgre] AdT Al
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Table 1. Hemolytic activity of HP(2-20) and its analogues

BAF el 2)o] AEEAS Yl =X]9 o5& S 43t ols diAFEel )
[e2]

b asdME A8 AESAHS YEllA S & 5 AT wbE, e

Peptide % Hemolysis (uM)
0.19 0.39 0.78 1.56 3.12 6.25 12.5
HP(2-20) 0 0 0 0 0 0 0
Al 0 0 0 0 0 0 0
A2 0 0 0 0 0 0 18
A3 0 0 0 0 0 0 0
A4 0 0 0 0 0 0 0
A5 0 0 0 0 0 0 0
Melittin 0 0 12 30 60 86 100
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Lactobacillus Lac+A3
E.coli 0.125 0.0625~0.125
S.aureus 0.125 0.0625~0.125
C.albicans 1 0.5

cEslE el Peptide(A3)E FElol= &S FAIst=A] &38| st a3 SAA
(E. col), 1% YA (S. aureus) 2 WA H3F0|(C. albicans)oN X A S 7438131
o o Ay, @ AdEle] A3 fElol=o} Al 7l eAdA FASE 3 & ARE
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(1) Isolation and Characterization of an Extracellular Antimicrobial Protein from

Aspergillus oryzae
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AGRICULTURAL AND
FOOD CHEMISTRY

Isolation and Characterization of an Extracellular
Antimicrobial Protein from Aspergillus oryzae

Seong-CreoL Park,’ NAE CHoow Yoo,! Jiv-Youns Kn,' Hag Kyun Pagk,’
Byune Jo Cuae? Song Yus Suv, ' Hyeonsook Creong,
Yoonkyina Park,*' anp KyunG-S00 Hanws"!

Raeszarch Cenler for Profeinegus Malerials (RCPMI, Department of Cellular and Molecalar Medicine,
College of Medicine, and Bistechnobogy and BK2E Research Team for Proizin Adtivity Coalrol,
Cheosen University, Gwangju. 501-750, Kores, Yonsei University College of Medicine, 134
Shinchon-Dong, Secdseman-Gu. Secol, 120-752, Korea, and Kanpwon National University,
Chuncheon, Korea

A 17 kDa anfimicrobial protein was isolated from growth medium containing the filamenious fungus
Aspargilus oryzae by extracting the supematanis from the cufture media, ion exchange chromatog-
raphy on CM-sapharose, and C18 feverse-phase high-performance liquid chromatography. This
antimicrobial protein, which wa considerad to be an extracellular antimicrobial protein from A onzas
{exAP-AD17), possessed antimicrobial activity but lacked hemolytic activity. The axaP-ACH7 protein
strongly inhibited pathagenic microbial strams, including pathogenic fungi, FusaTum monmifom var.
subgiutinans and Collefotichum coccodes, and showed anfibacienial activity against bactena. mcluding
E coff 0157 and Staphylococcus sureus. To confirm that the protein acts as a regulation factor for
extracallular secration, we examined growih under varying conditions of N sources, C sources, ions,
ambiant pH, and stress. Vanous culture conditions ware found fo induce charactanstic changss in
the expression of protein synthesis as analyzed by sodium dodecyl sulfate—polyacrylamida gel
alectmphoresis. Highly basic polypeptides were regulated by supprassing the ambiant pH under acidic
conditions and strongly induced under alkafine conditions, thus confirming that pH regulation is
physiclogically relevant. The expression of exAP-AQ17 was upregulated by haat shock upon growth
in the presence of NaCl. aufomated Edman degradation showed that the N-teminal sequence of
SXAP-AD T was NHx-GLPGPAGAVGFAGKDONM—. ExAP-A01T showed partial saquance homology
with a collagen belonging to the animal source. These results suggest that exAP-AD17 is an excallent
candidate as a lead compound for the developrmant of novel oral or other types of anti-infective agents.

KEYWORDS: Antimicrobial activity: Aspergiflus oryzae; exAP-AO1T; homology with a collegen: anti-
infective agents

isplated from prokoryotes and eukaryotes (7— /1) These proteins
show wide varation in length and amino acid composition but

INTRODUCTION

Organisms pse different defense systems. incleding the

production of antimicrobial proteing | /—). lectins (5, second-
wry metabolites. membrane-interacting proteins, and antifecdam
proteins (@), Lo fght aeainst microbial pothopen infections.
Severnl antimicrobial proteins, whick apparently belong to &
host defemse system apeainst invasive infection, have besn

* To whom comespondence should be addressed (K-5H.) Fax:
+82-62-127-EM5. E-muil: kshahmichasunac kr, (Y P) Fax: +82-
62-130-6854, E-mail: yiopark & chaosun ac ke

" Research Center for Prowineons Materials (RCPM), Choson
Eimversity.

! Yonsei University Callege of Medicine

5 Kangwon National University.

"College of Medicine, Chosm University.

* Bintechoology and BE21 Research Team for Protein Activity
Controt, Chosun University.

are characterized by compact stroctures, thermal stability, nnd
potent antimicrobial activity. Antimicrobial prodeins are a part
of the innate immune system widely distributed in nature. pnd
they play the key moles in defending the host against invasive
pathogens (12).

Filamentoas fungi have the onique abilitics to economically
produce pnd secrete many different tvpes of products (eg.,
antibiotics, commodity chemicals, mnd enzymes) (/3) and o
Erow on 1 wide variety of inexpensive substrales. An imposiant
characteristic of the filumentous fungi used in these indusiries
is their high-efficiency production of varioes Kinds of eszyme
producticn. Furthermore, because Rlumentous fungi, especially
species of the penera Aspergilius and Pemicillium, have o long
history of use in the food wmd beverage industries. they have
been pranted GRAS (generally reporded as safe) siafus. Ar-
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(1) Antimicrobial of Lactobacillus

Lactobacillus LactA3 Lac+P5 Lactebacillus Lac+A3 Lac+P5
E.coli 0.125 0.0625~0.125 0.0625 0.250 0.125~0.250 0.125
S.aureus 0125 0.0625~0.125 0.0625 0.250 0.125~0.250 0.125
C.albicans 1 0.5 0.5 - - -
DBt dH el peptide(P5) % peptide(A3)E HEFol= &S FAS=A Felatr] 9)a
o 2% SAT(E col), 1 SIS aureus) H WAA FFo|(C albicans)NA FAY
e SHATh 1 A9, 4 Aol Ps R A3 Wrjol=e} WAl A5 AN fiAla
g4 B4 A4S tebct
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(2) peptide(A3) FEHIZ 2 AFA ] At FAA L] A vl A=

Antibacterial activity of resistant strain from Animals

(mg/ml)
Pathogens from animals
o=l = 20
of=2telet=7 ) 20
of=ectnlol

20

22 Ag(E=7e) >20

22| AIE(CHRMICIZY

>20

of2atalold >20
TEZ Ut >20
HFPA3 0.04
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(3) peptide(A3) FEHME 2 AF A AWt FAA o] &4 vl AR

Control Y e = Ol Z2IZHE=RY)  Of=2AO0R B AIENERRY
(20mg/ml) (20mg/ml) (20mg/ml) (20mg/mi)

Ot 2totol i 22 A2 (CHA M Z) TE Zutnt
(20mg/ml) (20mg/ml) (20mg/ml)

HPAS3
(20pg/ml) (40pg/ml)
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th olelgk ol FAZAEL ofnwAt Mol wet s FxE e, ol 7x
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o S Fetol=9 Fardidel tigh W A7 HuEAN, AA7MA HaE i A

¢l &z HEol == mhrteld 2(magainin 2, MA), AlAZ3 A(cecropin A, CA) % ¥y
(melittin, ME) FEfo]= Fo] gvh. 3L o3 felo|=5o dF HAdS AT A
g FlElo]= (conjugation peptde)E AZ3dfo] b, At L= Aok o] B3 =L
4 FEtel=E Axd 5 UFo] Basa vk o]3 iy Fed FEe|=ql vt
d 2(magainin 2, MA)¢} A= 23 A(cecropin A, CA)ES A

Fom st AEA FET Feols FAEH PSE B A9 feols FHEAR AAHGA
CHFigure 1).

puecs

O, o

2. AT BEULE 2A A
viAl e A~ & 5= (Bacillus subtilis Chungkookjang)oll A -2t =] 7w} 541

Agoll st Axeut did FH2HpegsBCA aa7NE fakd xidd A2 A4t
Ak ZE e FEae]l Aol wtolshe dlde 37) (PgsB, PgsC, PgsA)E 7-dH0o] 1o
ol WA S TAR AF} PgsBe AlEEY Qo) fiA|ste] SFEAEe] AAd Hofdt=
Ao F5HIL, PgsCe AlxETo] Aete] agapzre] ZejzviaFant SeHE Alxios yn
e T2 IS o porinetdMAR FAEM, PgsAv EEAEFEARS A4 AEROE 5535t
= transport®] O%“%:% e Zlow FAEHIY. Evia A At Holsks AR 24 F

PgsA9] 22425 TM Pred server®t TMHMM servero]lA #4138+ A3} N-terminal region (26

a-44 a.a)9l putative transmembrane region®] <19} outermembrane protein®?] AEAlS Hr
shal S S & 7 USlaL, webA PgsA @A FH V)5S, AEZLH ] EASFHA] AT}
Fo| EejdviaFaate 9 Eu AE el Add EEifvieTEde SR transfershs A2
o -

A3 Qe AoR FASUT PesAZt AL ) EASEA FPelI TN ATY EE

transporter 2419] 9G-S st PgsA vl A A EZ WA wlg- P Al 25 fAT Fo
2 oqAEo] 2 AFgAE PgsA @A) 1x), 23F FEREA S Bl dlde] A RE {55kl
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olg nigtom Adel Ewdl 97 P9 BuAg -
Aol ee Blelh old @ e e Eow Fol feh FRE
A fdAE FAA pgsAE =l WE LEAEQD AT &
chungkookjang () Whel @ 2|2 53] ) =4E 2]7F Hof cloningsl 3l

3. 185 YA Y ZE2REH AA

Ak dA oz duldS A 4 Qe LRERE XMAS 9ElA Lactococcus
lactis -9 citrate permease X2 X ¥, Pediococcus e SlpA Z2ZRE, (5) Hfo]L
2 2~7F MF3tal Q5 Bacilus 7 9] 1¥d HCE (High Constitutive Expression)
ZRRY F5 o8&ty fikwrelAel wdAS vluwg A3 a1y SlpA promoter®] & H0]

MY ol it EHwE WEE 9@ Zewez A3

Aol Ao w ddS HdAAZd = = SlpA promoterét ZE] vk S FEAL
dAdaLA  FHAA pgsB, pgsC, pgsAs FALIAEAZ pgsA FAAE  aEln
gram-negativewo| A 18|31  gram-positivewrll A 2z HA7F 7 EEE F19
replication origin ¥ = 33t A+ -F2kt shuttle U8 WE pAT/SIpAipgsAS
A2kt (Figure 1. oW fribatoll A EA|7F 745t =95+ origin F-9]+= A B
3k AP A =S fAFel Lactobacillus caseil Xl 333+ plasmidE sequenceingdlal o]

plasmidW origin ¢ = cloningdte] 1 ARE 7|22 3+ Zlo|t}.

2 gaE 94489 oY

o1
i
-IN
o
(2
~
Lo
of
o2l
L=

GFfArEel 54 4 AA plssmid® 23 A @S oA AulelA AHTE 4t

¥ Lactobacillus casei 1.525%} Lactococcus lactis 1403= %F/] FAsE &5 AT R
Aol F44Le AZsAa, He B4 Skt Sk muEdd WE2 A48 5 9l
= 34 st sklth

ri

e o
mlo i m

mlo

QokslH  Plasmid (BZ A3 A|7]a2x8= DNA)E  competent cell
(Lactobacillus casei 1.5259¢ Lactococcus lactis 1403) 100 HEF cuvette (0.2cm
electrode gap)el Y & 583 €5olA WA F Gene pulser® Z17] pulse [254F, 2kV,
200Q1E F31, 900 SGM17MC mediume 4o} #AFel A7|A Fes & E8d & 37T,
1 hours ©]% IncubationS AlA NS selection medium®] 100xl spreading 3 3-4Y
29 colonys &<lskaith.

6. JHE].O]E -sg—xg%xlg] ¥4 l 1151 X]]Z]-
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A8E HAetol= FAEH P FHAE AL AR Ao oa A AE A
FHdrd 9@y pHCEILB-pgsAel  AFdlste]  fetel= 454 Z¥W 23 ¥y
pHCE1LB-pgsA:P5%} pHCE1LBE A 23} tH(Figure 1).

I WS 8ofstd AAE fakd EEEd WE pAT/SIpAipgsAdl FERol= FAAEA
P5E et FAAE =9dst7] fste] HWEtel= PoE Adsh= A4 primer 1 [ 5'-

ga tcc aag tgg aag aaa ctg ctc aag aaa ccg ctg ctc aag aag ctg ctc aag aaa ctg ta -

A

3" ] % primer 2 [5'- aag cta cag ttt ctt gag cag ctt ctt gag cag ccgg ttt ctt gag cag
ttt ctt cca ctt g - 3' 12 &£33lo] denature® 95Co|A 58 E¢F 18]a1 37TColA 1A%
29} annenalingdlel 65 bp=7]¢] DNAZ dglch. o] DNA ©@#e ¥w 2ag W
pAT/SIpAipgsAcl ZA8t= Astas BamH 13 Hind III Q12132971 A48 =2 A
31, %47] annealing®l P5 #3122, v]g] AFas BamH 13} Hind 12 A@ w9 T8E
(pgsA)e] C-el -] H*Oﬂ:r%ol prowE Aol P3E TANANT F e
Bl pAT/SIpA:pgsA-P5E | 23131t}

o
u

7. o= BAEAY FAF B FE

ne
o

W pAT/SIpA:pgsA-P5E Lactobacillus caser 15259 H& X
A= fFreste] e AR pgsAsh g€ FEle]l= P57}
olstdtt. A ASE Lactobacillus casei 1.525 #F5 A2
olg]Znto] 2l 20 mg/L7F H7FE 200 mee] MRSHIAIE X338t 500 mb Fek2==ol A A
Wik F2IA 7131 Lactobacillus casei 1L525W pAT/SlpA:ipgsA-P59] &A1& 3Helsh
(Figure 2), pgsA¢t §3td HElo|= P5 gt Aol vty s ALl th(Figure 3). &
Ark SFEAE ol Bt FHA pgsAd C-2dhdt §3E HEtol= FA=4 PHY
Ahtd] e SDS-ZEjotadoetr|= Al A7) gE 2 pgsAel o
g8 (western immunoblotting)S G~33}e] &2lsFA T},

TAF o2 pAT/SlpA:pgsA-P52 BAXSH  Lactobacillus casei L5255 MRS HjA]
(Lactobacillus MRS, Becton Dickinson and Company Sparks, USA), 37ColA F2A17]S
2 xueds FESIT BA S K23 Lactobacillus casel 15255 &g AE FIof A
% o]& denaturer|A AEE FHISAL o] F SDS-PAGEZ #4138 o5 9

_OL
=)
X
ot m;‘é FBL

Me do M o

o

AL o g3 928

[e}

%
X,
ru1o
lo

GElEs de

FH @il A ES PVDF membrane (polyvinylidene—difluoride membranes, Bio—Rad)el] %
th wElESo]l 7% PVDF WERIS 527 4589 (50 mM Egl2x 94k 5 % =7
W (skim milk), pH 8.0)o @7} 1A7F S<F wrtsle] EZ A7 t}S pgsAd] W3k E7
frefe] 2 EE 1A FAE B2 S8 10008 s]Aste] 12413 &<QF vEEAIF AL,
Hhgo] By MBS SF&Hom AFsta vlo]e”o] HipwE EzC gk 2z FAE
227 ¢4F8He 10008] 3]Aste] 4A1ZF EF HESAIATEH HEEo] i WB Yl 458
Noz AMHstaL ofnjd-ulo] @ ¥l (avidin-biotin)A| oF& 1A1%F &t WHE-A[A thA] Al #3813
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Ay ele 71d3} wraA ko 2 Hy0, 9 DAB €95 H7Fste] BHAA]7] a1 pgsA
ST ALY Folzl A Dl‘roh%} 1

=

S FJAASE A &S =FAFEQ Lactobacillus casei 1.52

: 50]aL, eﬂﬂ = FAded
pAT/SIpA:pgsA-P5/Lactobacillus  casei 1525 4. 284 H npe} ol
= }

pAT/SIpA:pgsA-P5 o 2J3)A <¢F 44 KDa9 & ¢z dl=
7} ¢F 41.8 KDaolaz, felo]= P57} oF 2.2 KDaolE=E 44 KDas UehflE == pgsAe)
FElol= P57 §8H g AAdS g2l 3 4 ik

8. Helol= FAEAS FH FHe= e IH2HE 11

(D) Feol= I¥=4 P5 T Ldsh= B ikl Ix7E 29l

Fefol= FA =4 P5E BWH Hdshe FA Y TS S4s7] A HdAd
Q1 Candida albicans (TIMM 1768)& W} o2 &xl&d o] 7HA814 3
§1& S8 Ay Candida a]bzcansoﬂ Hste] Zh7t %
4, a). Fetol= B EH PoE W Bt A S AN $9 XA EES A
37 98l MY A9l Candida albicansEs W7o &2 FAAAE v 7 (Scanning electron
microscopy, SEM)= &3t A4S SAHSI Y. AMFsE 540t Candida albicans®l
st dRAFEAAS FAsAH(Figure 4, b).
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SIp promoter

1141

1201

BamHI

ggatccaagtggaagaaactgctcaagaaaccgctgctcaagaagctgctcaagaaactg
G S K W K K L L K K P L L K K L L K K L

P5 sequence

HindIII
taagett 1207

*

1201

Figure 1. &R0l P59 F44 A 2 fAld EH2¢dE 9H plasmid.
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93
64
o0 | —pgsHPD
36

pAT /SlpA:pgsAPS A. casai 525

Figure 3. 924 wAdW Fetol= FA=Z Y ¢F &2l
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=3 Q Q =] o o

o pAT/SIpA7-pgsA/Linker-
P5/L. casei

(9%) juad4ad jealning

r5 +C. albicans\

\

L. casei—

n
&
"~
%
QN
~

a)
b)

i

Hefo]

i

Kl

Figure 4.
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U 22 e

L fr& Helol= FAEA 9] ¥ (Anald)

Qelzae szl G RPLIeIeh: Wl u) ofnlwmddt $olt ghua sy
AR R T oleld s Weelm Axuhe AW Py §AS T
Aez WAgEe AZe A dgFosA vlgEe Az s, Az A
dol JHFS Fol ol WHANPORA YRS AN 4§ J1go] wusof k. o
of PRI 2 A mute velzelde] RPLL gulde] ofulwde 39 5 54 29
Azt 47) A9 F ARE T o mito R ABAYORM A5 ¥

e
Rujguy
o
[t
Jo
o
__)&‘
i
il
o
o
k1
e
oX,
o
0
>
=
o,
W
L)
rlr
e
oX,
e
o,
o,
[
|
2
)
ol
2
=

Y
N
lo, U
s,

o
il

o
i
I"FI O_>:4 :‘—]:

o
fr
)
i)
®
.

12pAEo) A M-S fA TALE RE|B S Fabgol A A A
DA F= e = o]
pgsB, pgsC, pgsAs TALARAZ pgsA FHAE 183l gram-negatived ol A

gram-positiverroll A 2zt A7} Vst =S F709  replication origin 9=
&

fr
to
:
wn
o)
>
(o]
=
(@}
=
(@)
I~
=
0
el
AU
ol
o
=)
i
el
ot
[
i
O_>VL4 o
kol
DX
Y
Kooy
B o> )

£

do
l-ll
LA R ISP

-4kt shuttle TAEAE WE pAT/SIpAipgsAE A4 oA tH(Figure 1). oW Ak
oA HAF JFesEE E9g = origin BT QAE BA ARy Ak
H o
-9

Lactobacillus casel|~] FZ3%+ plasmidE sequencingstil ©] plasmidW] origin
5

@]

o
B.
=)

(0]}

_O‘L
£
Id
o
%
il
N
[
il

=L oo
oX,
o
oY,
of\
ol
ol
2
K
M
AU
offl
o
rol
Ho
[
=
K-
Ho
[
44
=<
g
i3
r_%
=
o
il
ot
i)
2
o o
ik
B

QokslH  Plasmid (BZ A3 A|7]2x8= DNA)E  competent cell
(Lactobacillus casei 1.525¢¢ Lactococcus lactis 1403)° 100 HEF cuvette (0.2cm
electrode gap)oll TYF 557 d59A WA 2 Gene pulser® #7| pulse [254F, 2kV,
200Q1E 31, 900 SGM17MC mediums 4o] Aol A7|A] s 2 £83 & 37T,
1 hours ©]%t IncubationS A1#A ¥lEAS selection medium®] 100x¢ spreading & 3-4%

o] colonyE &elstsitt.

4. Jetol= FA=Z w4 A 9E A%
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AAE Aeol= AR Anal3e] FAAE FASL A 2ol o8] AgE FAE
EAW@  WE  pHCEILB-pgsAcl 49iste]  eels 484 Ed 0@ oy

pHCE1LB-pgsA:Anal3& A28} tHFigure 1).

oS aoketd AR by mHdd WY pAT/SIpAipgsAcl FHElol= I =Z
Anal3E FH3E FAAE =987 918te] FEol= Anal3E #WEE FAAF primer 1 [
5'- ga tcc gcg aag aag gtg ttc aaa cgc ctg gag aag ctg ttt agc aaa atc tgg aac tgg
aag ta — 3'] 2 primer 2 [ 5'- aag cta ctt cca gtt cca gat ttt gct aaa cag ctt ctc cag
gcg ttt gaa cac ctt ctt cgc g - 3' 15 £33} denature® 95TCo|A 58 &t :LFJJ_
7Col A 1A1ZF &<t annenalingdle] 65 bp=7]2] DNAE |t} o] DNA @He ¥
4 ®¥ pAT/SIpA:pgsAel] EA3= Asta4s BamH 13 Hind III 1A F-97F EA8t 2=
Hﬂ?}"’ 7] annealing® Anal3 A, "2 AgEs BamH IJ/} Hind M= A%

2 A4 WE pAT/SIpApgsAsh Eqata Adete] 919 Anal3 FAA7 AE T @
%m (pgsA)el C-2et Relo] MejzmEo] DFo|AES Aol Ana3E ELaA
= #E pAT/SIpA:pgsA-Anal3E Xﬂ—.é} ca=

l'UE

1=
DT = SR U TR

iy

5. Anal3 FElo|= FAEZA Y FAA oEH F5 2 9l

L

AZAI7] 3L v S 3HE A %3% %Eﬁ}oi FHTd ‘jxﬂ‘ﬂ pgsA¢t §FH FElO]= Anal3
oA wd = A5 EAsitt. FAHSE Lactobacillus casei 1.525 w55 343
| 2] 222 ufo]l Al 20 mg/L7F 7FE 200 mée] MRSHIAE E§Hsl= 500 ml ZEF2~ oA
AA wiF Z=2IA 7|3l Lactobacillus casei 1.525W pAT/SlpAipgsA-Anal3e] =415 <13t
S-(Figure 2), pgsA¢t 3% Fetol= Anald @A 43 EAPO}OﬂE}(Flgure 3).
g vk =FEA Aol dofsts A pgsAel C-EHd §3dd ol A=
Anal3®] ikt e SDS-Eelotadotn|= A H7|ds 2 pgsAol] diE IFAE o]&
AN~= EZE (western immunoblotting)S =3 3fe] <135} T},
Xﬂﬁ.ii pAT/SIpA:pgsA-Anal3® JAASE Lactobacillus casei 1.5255 MRS HlA]
(Lactobacillus MRS, Becton Dickinson and Company Sparks, USA), 37TColA S2AH S
2 FHYdS festth BdS §53 Lactobacillus casei 15255 S U3 AE F o)A

& @2 F olF denaturerl A ARE EHIGHAL °]5 SDS-PAGEZ £41% v+ &9

ro mlﬂ

0,

=

N,

I
to r
-

2 VDF membrane (polyvinylidene-difluoride membranes, Bio-Rad)°l %%
AEo] %A% PVDF WEHIS E27 4589 60 mM Eg~ 94 5 % ~7)
(skim milk), pH 8.0)e] @7} 1A1zF =¢F whlsle] B2 A7 thS pgsAd thdk E7
22 12 FAE E27 FFEN 10008 8435t 12A417F FoF WA H AL
W AlB S SR ow Ao vpo]e®lo]l HeH E7lo] tigk 2a IAE
&Nl 10009 3|4 ete] 4A]3F FoF wbSAIZTE whgo] ik Bl ¢hEg
P

oH ]
= o
A &}al ofn]d-n}o ]OFJ (avidin—biotin) Al oF& 1AIRF &< WHG-A[A vhA] A2 &3l
)

012 g = do pd o
: olo :
o

A AR g ole] 7] Ay} A ko 7 Hy0, & DAB €4S H7lalo] wHAA]7] L pgsA
of tigk o] A9} 4] %%Lﬁéﬁﬂ SolAQl Ajbs gkl 11 7 °lA #@el 1
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& PAASLA] G SFHIER Lactobacillus casei 1.525°]1aL, dQ] 2+ FAHIH
pAT/SIpA:pgsA—-Anal3/Lactobacillus casei 1525 4. II¥Ho|A HE niep 7o)
pAT/SIpA:pgsA-Anal3 o 9lsix <F 44 KDaol &3 oz w== 3kol sk 4= ).
pgsA7} oF 41.8 KDaolaL, HEFe]= Anal37} oF 2.2 KDao|2& 44 KDag Yehf= M=
pgsA¢t HElo|= Anald7l §8H sPEHAdS E20 & 4 Ak

6. Fetol= JFP=ES Y L= ke IRAAE 8
(1) Felol= FYEE Anal3s F L= A e ITEE &<

Fefol= FAEA Anal3E BWH TdsE AR AT ES SAE] A WA
249l Candida albicans (TIMM 1768)% thiaoz 3x+ S|
A AHS 7 AY Candida albicans®)| W] 247y =& IAAEAHE Fsislnt
(Figure 4, a).

Felol= FAEZA Anal3s ¥ LHIE TS AASA ] Fo] A EA
71 98l MY ) candida albicansE Wl o® FAFAAAW] 7 (Scanning  electron
microscopy, SEM)& &3 FHdAE SAHS Y. AtstE Akt candida albicans?l
et TS Gt (Figure 4, b).

=]

gt

o
|\
ol

o w
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HCE promoter

Pgs A

1081 aaag 1141
K VEDGTE KTLTFDTIDIEHSTDIE KTLTZ XS K

BamHI
1141 tg 1201
G S AKZKVF FEKRLETZ KTLTFSZ KTIWN W

2nl3 sequence

HindIII
1201 aagtaagectt 1207
K *

Figure 1. -8 Eo]= Anal39] A4 34 2 H47 EHTEE 9H plasmid.
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98
64

50 — s | «—| pgsA-Anal3

36

1: Lactobacillus casei
1: pHCE1LB:pgsA-Anal3/L. caser

Figure 3. 924 wAtd Wl Fetol= FA=Z Y ¢F &2l
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eAntifungal activity

pHCE1LB:pgsA-Anal3 /L. casei

60 [

Survival percent (%)
D
o

20 [

b)

Candida albicans

C. albicans + L. casei

C. albicans + Anal3 /L. casei

Candida albicans

C. albicans +
L. casei

C. albicans +
Anal3/L. casei

Figure 4. 34 HEto|= Anal3E€ EHRLA s = AT FXNTEA 82l
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12 1010 12 1010
- 10 ﬁ r 10 ﬁ
% [=%
S ¢ =2 8 0 =
g =T BT}
] + 3 +
3 1 B =2 O )
6 ° 95 ° 2
= &= <
g ] 3 3 R ] 3
g 4 ) 108 = < 4 ). 100 2
a Q
° /’ \A\A ° /’ \A\A

0 L L L . L ! 107 0 L L L . L ! 107
0 1 2 3 4 5 6 0 1 2 3 4 5 6
Time (hours) Time (hours)
—-0D O-pH 2 Glucose O-HzFF —-0D O-pH 2 Glucose O-HzFF

1% 5. & peptide ERLH ko] ¥ Wl =1 (500 L J/PelX e 473 54 <.
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C. albicans®, €. albicans™, G.albicans
: /7 Locasel N\ . f \ A'L. casei(Anal

a9 6. & peptide FULEH A8 FAH79 FAAFEA Q.
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<A 2 FEHA-7FLAHTL>
7F 1A

1. A= A= W A s A olA v gd & P5 i Ao A FAA S} vug 53 A
F, FFE 258, 29 FHTH T mA = I dF AT

(D AF23

2 oAgol A A wAelA wkE P Aetel= P5 g AdAe WA AR
QA 9 At v gete] AEo R AFARS AN AT

@) A= 2 AAE

LA A S 98] o] f-AH=(Landrace X YorkshirexDuroc, 24193, 6.22+0.02kg) 3005
SAlee] A I ATl whel 538 4¥kERkE G 15?)011 %ﬁ o] wjA]selvt. 2137
2 phase 1(0725)3} phase (37 4F)= o] F 45:(28Y)7F A A8 2™ phase
[ 3 09 ANINEE SFF-u7as T2 0}?3\9)% A 2] &S NC(negative control),
PC I (positive Control : Antibiotics—Apramycin, 0.15%), PC Il(positive control:
Probiotics— Lactobacillus, 0.2%), P5(Antimicrobial peptide P5 40ppm+ Lactobacillus) =L
] 12 P5(Antimicrobial peptide P5 60ppm+ Lactobacillus)® 3}t A|FALFE 9] UL S
=2 NRC(1998)llA AAE UL 87 THFoAY 2He =S st (Table 29

=
=
7

F

L.

A7) Qe AT SA4L ZF dAl)(Phase 1, 1D 7219 F 50
= S48 flste] AT SB8A wol T oE2RY ARAFY] FAE
SA3IAT. AFIAIFAA AR ATy AARAFAFCR dTFAF(Average daily gain,
ADG), dUrEA FHHF(Average daily feed intake, ADFD) Z#]al AR T-&(F/G)S A&36)
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GFrAaEL SN Aohel B2 ANAL ARABCrO0s, 0.25%)& ABAE
Arkstel Folstglon wakd B4 HgA7] Astel 5A7kel A3t 3U3be] A
ke Tl 7 wAME 28 AHeel 65T AxsdA 32U ARA F BAIE
olgatel wapstel EAARE AHESYTE AFARS o GRS AOACI990) F3}
of BB on o 2BHEE el AN o] Fahelrt

B 23R = {1-AEF CrEn X £ SEa2THn)/

[e]
(59 Cradsn < AR5 JSres%)r <100

lmm screen wiley

itk B EE ofnlwmat B4
S ABE 24A17F B 105TCo A 6N HClI &0 72 714838 A7l & HPLC(Waters 486,
USAYE AREatel wAstgion, shdotrmals 24470 gt 7hewsl Azl # cold

performic acid-& N o2 A3} =) &8l 4189 tH(Moore, 1963).

-

A AALE 7] flall AES bg¥ AFSke] 45ml 3|4 oo Pl As)
< ®Eo] A ImlE 9ml A Ao AL A eGith. 314 F 7] HHE

of AN TS T odE FYEL dA4 vtaR FXe AFEskith
Z% gAY F Yot FANES 1 mlE dED Yo &5t wdsdnt. o] o ARE-S
A2 peptone?} L-cysteineHClS 22}t 0.5%, 0.05%2 #71gk &S AFE3H3iY o
A4S 9% AES uixle w20 Table 13 Fow, wAE F FFF(iotal
anaerobic bacterial counts), Clostridium spp. countsi= Gas Pak System(BBL)< A}-&3}
of Y714 HZE st al, Coliforms countst 7] AHIZ st & Alote] 4+ Z} plate
9] colony-forming unit (CFU)Z A4t & loglOo 2 3hAstItE vz ALS 37T, 48A1%F
o] it

—_
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Table 1. Selection media and culturing condition for the enumeration of

microorganisms
Incubation
[tem Medium Temperature
. Hour
()
Total anaerobic bacteria Tryptic soy agar1 37 48
Clostridium spp. TSC agar (anaerobic)’ 37 48
Coliforms Violet red bile agar 37 48

"Anaerobic : Gas pak anaerobic system (BBL).

4) dF 1gG, IgA 2 IgM 5%

A= F 1gG, [gA9t IgM9] F& S48t7] 9l A= ARl A4S A & H
< w8 skt BEE €3S B4 A7bA] 20T A Haekglth
= IaG, 1gA%} [gM2 gA4Z23% WY 52 (Enzyme-Linked ImmunoSorbent Assay, ELISA)
o7 =A== AFo= Pig IgG ELISA Quantitation Kit (Bethyl, USA), Pig IgA
ELISA Quantitation Kit(Bethyl, USA)¢} Pig IgM ELISA Quantitation Kit(Bethyl, USA)E
AFE3E T 450nme] FF oA SASIAY. F 1gG, IgAt IgMe] SA 2 96 well plateol
Coating Buffer(0.05M Carbonate—bicarbonate, pH 9.6)¢} Goat anti-Pig IgG antibody,
Goat anti-Pig IgA antibody, Goat anti—-Pig IgM antibodyE Z}Z} 1:1002.% 3]243l gNS-
1002 Y2 5 37TColA 1AZF wlekst & Wash Solution(50nM  Tris, 0.14M NaCl,
0.05% Tween 20, pH 8.0)& ©o]&3le] 33] AF3sl3ATh Blocking Solution (50nM Tris,
0.14M NaCl, 1% BSA, pH 8.0)% 7} welld 2004 @i 37°CelA 301t st § 33]
A A stk Aoz sAMe FFIdA A A= dHE welldl 212 100w €2 5 3
7CAA 1AIZF wieFst & 53] AFHEFITE Goat anti-Pig IgG-HRP conjugate antibody,
Goat anti-Pig IgA-HRP conjugate antibody®} Goat anti-Pig IgM-HRP conjugate
antibodyE Conjugate Diluent(50nM Tris, 0.14M NaCl, 1% BSA, 0.05% Tween 20, pH
8.0)° Z+Z+ 1:100, 0003’4- 1:50,000, 1:100,000=% 3|43 % welloll ZFZb 100p% Y2
37TCAA 1AIZF viFst 5 53] AFs & DA (TBM solution)E 10042 Wil 37T A
1587 9k A1 3 2M HoSO4E ZH2F 100 Yol w55 AR A| AT ¥k-g-o] # plate
& ELISA reader® ©]83}4] 450nme] FH=olAl 4313t

gt fEtol= P5o] Fol7h sl e MA: 4R 2AS] 95k 7 4]
fo BAE SAAT. APER A 4 AR 454 BEae] 7 csr)ve] AATAS
=450 NEES A T PhE $00% Bo)E glojw W 4skd FAS SYEAT

6) 2% morphology
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G WErolS P5e] Folrk AP gmel FejsA matE wRas] dstel A¥ Fi
A AYEE 4FF 2074 B8 @ F TRy 49 15emiEe HEse 4
Q52 AHE the 10% formalin §940] AH kel AAAVIZOR B2 W I3 B
shgict

]

A3te] 10% formalin &0 HEFHO Ju A|g5E
o] azure A9} eosinel® MG TH AMTE A
=A3t9HCera et al, 1988). §E =09} g9tz

paraffinfli
= 40W) viEolA AAEARF o=
e T FAE Yol AT,

N o
(@)}
I
[y
N
il
e, =
rﬁ i

(5) TAEA

Ao A FAA Addes =oldlen, ARdAE ddmAHor A sl
SAS(1985)¢] GLM AxLE o] -&3to] FAkhtA & uncan® YA Z FAAS
AAskATE. Fetol=9t 3AA, FEtol =9 AerAle] @it H]ul= Independent-Sample
T-TestE o]&sto] AT

>
>
%
i —10{1
-
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Table 2. Formula and chemical composition of experimental diets (0~2 wk)

Item NC PC1  PCII PS>, ppm, %
40 60
Ingredients (%)
Corn (EP) 22.24 22.09 22.04 21.99 21.87
Corn Starch 8.00 8.00 8.00 8.00 8.00
SBM (dehulled) 12.11 12.11 12.11 12.11 12.11
S.P.C 8.00 8.00 8.00 8.00 8.00
Fish meal (65%) 2.00 2.00 2.00 2.00 2.00
Whey powder 15.00 15.00 15.00 15.00 15.00
Lactose 11.00 11.00 11.00 11.00 11.00
W.P.C 6.00 6.00 6.00 6.00 6.00
SDPP 4.50 4.50 4.50 4.50 4.50
Soy olil 4.50 4.50 4.50 4.50 4.50
Sucrose 3.00 3.00 3.00 3.00 3.00
MCP 0.96 0.96 0.96 0.96 0.96
Limestone 0.83 0.83 0.83 0.83 0.83
Zn0O 0.30 0.30 0.30 0.30 0.30
Vitamin premix’ 0.25 0.25 0.25 0.25 0.25
Trace mineral premix” 0.15 0.15 0.15 0.15 0.15
Salt 0.20 0.20 0.20 0.20 0.20
Acidifier 0.20 0.20 0.20 0.20 0.20
L-Lysine (78%) 0.38 0.38 0.38 0.38 0.38
DL-Methionine (98%) 0.15 0.15 0.15 0.15 0.15
L-Threonine (98%) 0.13 0.13 0.13 0.13 0.13
Choline chloride (50%) 0.10 0.10 0.10 0.10 0.10
Apramycin (10%) - 0.15 - - -
Lactobacillus - - 0.20 - -
Antimicribial
peptide(type 1) I e 050

Total 100.00 100.00 100.00 100.00 100.00
Chemical composition (%)
ME (kcal/kg) 3,410 3,410 3,410 3,410 3,410
CP 22.84 22.84 22.84 22.84 22.84
Ca 0.80 0.80 0.80 0.80 0.80
Total P 0.65 0.65 0.65 0.65 0.65
Avail. P 0.48 0.48 0.48 0.48 0.48
Lysine 1.55 1.55 1.55 1.55 1.55
Met + Cys 0.83 0.83 0.83 0.83 0.83

" Supplied per kg diet: 9,600IU vitamin A, 1,800IU vitamin Ds, 24mg vitamin E, 1.5mg vitamin
B, 12mg vitamin Bo, 2.4mg vitamin Bs, 0.04bmg vitamin B, 1.bmg vitamin Ks, 24mg
pantothenic acid, 45mg niacin, 0.09mg biotin, 0.75mg folic acid, 18mg ethoxyquin.

2 Supplied per kg diet: 162mg Fe, 96mg Cu, 72mg Zn, 46.49mg Mn, 0.9mg I, 0.9mg Co,
0.3mg Se.
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Table 3. Formula and chemical composition of experimental diets (3~ 4 wk)

Item NC PC I PC 11 Po, ppm, %
40 60
Ingredients (%)
Corn 34.08 33.93 33.88 33.83 33.71
SBM (44%) 19.10 19.10 19.10 19.10 19.10
Corn (EP) 14.00 14.00 14.00 14.00 14.00
SBM (dehulled) 15.00 15.00 15.00 15.00 15.00
Whey powder 7.00 7.00 7.00 7.00 7.00
Fish meal (55) 2.00 2.00 2.00 2.00 2.00
Animal fat 4.00 4.00 4.00 4.00 4.00
Sucrose 1.00 1.00 1.00 1.00 1.00
DCP 1.15 1.15 1.15 1.15 1.15
Limestone 0.78 0.78 0.78 0.78 0.78
Zn0O 0.30 0.30 0.30 0.30 0.30
Vitamin premix’ 0.25 0.25 0.25 0.25 0.25
Trace mineral premix® 0.15 0.15 0.15 0.15 0.15
Salt 0.25 0.25 0.25 0.25 0.25
Acidifier 0.15 0.15 0.15 0.15 0.15
L-Lysine (78%) 0.44 0.44 0.44 0.44 0.44
DL-Methionine (98%) 0.13 0.13 0.13 0.13 0.13
L-Threonine (98%) 0.12 0.12 0.12 0.12 0.12
Choline chloride (50%) 0.10 0.10 0.10 0.10 0.10
Apramycin (10%) - 0.15 - - -
Lactobacillus - - 0.20 - -
Antimicribial
peptide(type 1) I e O ST

Total 100.00 100.00 100.00 100.00 100.00
Chemical composition (%)
ME (kcal/kg) 3,370 3,370 3,370 3,370 3,370
CP 21.70 21.70 21.70 21.70 21.70
Ca 0.77 0.77 0.77 0.77 0.77
Total P 0.60 0.60 0.60 0.60 0.60
Avail. P 0.36 0.36 0.36 0.36 0.36
Lysine 1.35 1.35 1.35 1.35 1.35
Met + Cys 0.73 0.73 0.73 0.73 0.73

" Supplied per kg diet: 9,600IU vitamin A, 1,800IU vitamin Ds, 24mg vitamin E, 1.5mg vitamin
Bi, 12mg vitamin Bp, 2.4mg vitamin Bg, 0.045mg vitamin Bie, 1.5mg vitamin Ks, 24mg
pantothenic acid, 45mg niacin, 0.09mg biotin, 0.75mg folic acid, 18mg ethoxyquin.

* Supplied per kg diet: 162mg Fe, 96mg Cu, 72mg Zn, 46.49mg Mn, 0.9mg I, 0.9mg Co,
0.3mg Se.
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6) 723

D AP A dda 28kE

O

LEH

3 213 & Phase 13 Phase II& o] alstglom, Table 4% 3 HElo]= P5¢]
o7} ol A=l dESAF(ADG), LA EAFAZF(ADFD 2 AAR QT80 A= JTFS
W Aol &+ FEol= P5E AFE U 60ppm #3RS 749 phase 2] ADG® ADFI
7F izl (NC) Hlste] 7Hd == e s W 2™ (p<0.05), A Fo7(PC D) 2 A
A JFATHPC D= FolAd 2ozt YA 9kth(p>0.05). PS5 ol F-1tel= 60ppm
w7 7F 40ppm vl Tl Hlate] FAFo] FA o ®E FA YERTHP<0.05). P5 o7}
PC I wo7-7te] vlaAlol= PC I 977} P5 wolgtol Hlste] ADG7E fe]d o= Ay
© A0 R YR o™ (p<0.05), P5 Ho ok AtAl Fofggte] vlalAldl= {fo] Al xfo] 7t
UEA] 29ktHp>0.05). phase 194l P5 60ppm o] 7-7F thx 7o Hste] ADG 2 F/G
N FoHoz MAEE Aoz el th(p<0.05). P5 60ppm HolTo A 2 A A
wo ekl HlaAlelE= folF <l zbol7E YERA] & UTH(p>0.05). P53FS] HlaLA]o &=
60ppm T -7t 40ppm FolTel BE F/G7F MAEE Aoz JEFGTHp<0.05). P5 ¢
T-¢F A Fogteke] HlaAlel = A Folg 7t PS5 FolTtel Hlete] ADFIZE ol % o
2 = YEsem(p<0.05), P5 Folg-ot AAl Folgeke] HlmAloll= fo Al xfo] 7t
VEREA 9 ekeh(p>0.05). M A71ZS R (overall) # wW P5 e rh tizel HSted ADFI
£ MAdskes Aox2 Uehom(p<0.05), Al 2 AwAl ook F9 A1 Aol 7 vE
Al e AtHp>0.05).

Table 4. Effects of antimicrobial peptide (P5) supplementation on growth

o

o

. . -1
performance 11 Weanhng p1gs

P5, ppm, % p-value
2
Item NC PCI PCI 10 so SEM P5vs P5vs
PC 1 PCII
Phase I (d 07 14)
ADG, g 275  308* 295 282" 302° 350 0.032 0.969
ADFI, g 419 442* 435%™ 426" 438 249 0.114 0.547
F/G 1.53*  1.43"  1.47* 1.51* 1.45® 001 0.093 0.643
Phase II (d 147 28)
ADG, g 352°  401* 378 367" 392° 5.00 0.096 0.926
ADFI, g 593 609* 602" 600® 601" 1.80 0.032  0.690
F/G 1.68° 152" 159 1.64* 1.53" 0.02 0.185 0.978
Overall (d 0728 )
ADG, g 311> 357* 330" 323® 335® 560 0.124 0.745
ADFI, g 506 525  518® 513* 519" 260 0.146 0.931
F/G 1.63*  1.48" 157" 1.60° 155" 0.02 0.169 0.804

PValues with different superscripts of the row significantly differ (p<0.05).

INC: Negative Control, PC1: Positive Control I (Antibiotics), PCII: Positive Control II
(Probiotics), Type I : Antimicrobial peptide

“SEM: Standard error mean.
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FEAE 2stE AP A= Table 59 #th phase 19 A= 2 2d#d L3p&oA P
60ppm HoT7F ol Hlste] Astgo] & Ao UrE}MJ%(p@ 05), A 2 A+t
Al ook oA ZFol7F yEbbA] & SktH(p>0.05). P5 w777k H]aAl o= 60ppm
woT7F 40ppm wo el Blste] AE AstEo] MMAEE AoR UERSTHp<0.05). P5
o o} G AYA| Folgefe] HluAldE AR E Fekwl A A A Fo P FelHow =
A vEbsE o™ (p<0.05), Al Folg-eke] BluAlel= fFYAQl Aol7b yERA] Tt
(p>0.05). phase [elAl+= A FoA77F &, 2d0d 2 o Ux] &ghgolA thE A
T-ol mEke] freolH o =4 UEFGTHp<0.05). P5eF &l Foltele] HluAlelE A
w7 PS5 FolTel Hlste] A& Askgo] =A YEE S (p<0.05), Al FolTehe]
H A o= 9 4Q1 Apol 7} VEbA] R Atk (p>0.05). 3|79 93 ofm| it A8k-&(Table
Byl A= 2 Aol mE fFol Al xpo]7b YERFA] e kth(p>0.05).

Table 5. Effects of antimicrobial peptide (P5) supplementation on nutrient
digestibility (%) in weanling pigs’

P5, ppm, % p-value

ltem NC PCI PCIO 40 60 SEM?  P5 vs P5 vs
PC1 PCII

d 14
DM 80.58¢ 84.36* 82.60™ 81.76° 83.41"" 0.36 0.030 0.980
Cp 79.68° 82.65* 81.40" 80.63"™ 81.71"> 0.28 0.014 0.675
GE 78.99 82.48 80.08 79.51 80.76  0.56 0.095 0.963
Ash 49.31 52.83 51.81 50.34 5297 0.63 0.518 0.935
Ca 45.80 48.43 46.83 4539  47.83  0.60 0.339 0.911
P 39.38 42.81 39.96 3896 41.44  0.61 0.126 0.884

d 28
DM 81.69" 83.76* 82.47* 81.97" 82.61" 0.24 0.029 0.735
CP 78.12" 82.38*  78.95" 79.16" 80.77" 0.51 0.078 0.438
GE 79.48" 82.82* 80.50"" 80.53" 81.46° 0.39 0.060 0.630
Ash 50.74 51.78 50.12 50.39 51.13  0.60 0.502 0.645
Ca 44.85 4721 4528 4562 4583  0.55 0.340 0.728
P 42.36 43.65 42.35 4242 4263  0.46 0.411 0.887

aedyalues with different superscripts of the row significantly differ (p<0.05).

'NC: Negative Control, PC1: Positive Control I (Antibiotics), PCII: Positive Control I
(Probiotics), P5: Antimicrobial peptide
“SEM: Standard error mean.
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Table 6. Effects of antimicrobial peptide (P5) supplementation on apparent
ileal digestibility (%) of amino acids in weanling pigs' (d 28)

P5, ppm, % p—value
2
Item NC PC1 PCII 40 60 SEM P5 vs PS5 vs
PC1 PCI
Essential amino acid
Arg 81.97 84.22 82.33 81.92 82.27 0.42 0.114 0.892
His 79.77 80.56 80.47 76.54 79.49 0.67 0.224 0.195
Ile 77.61 8043 79.34 77.98 78.88 0.58 0.242 0.517
Leu 74.69 7874 76.87 77.38 78.33 0.63 0.566 0.467
Lys 76.78 78.74 7798 T7.17 78.01 0.65 0.580 0.830
Met 72.68 7568 75.11 73.22 73.58 0.57 0.111 0.183
Phe 71.35 76.05 76.58 75.96 77.73 0.94 0.753 0.924
Thr 72.48 76.11 74.04 73.02 77.19 0.78 0.648 0.603
Val 76.21 77.58 7590 77.54 77.72 0.44 0.965 0.149
Non-essential amino acid
Ala 7427  77.19 76.22  76.38 75.54 0.95 0.664 0.919
Asp 74.93 7536 75.65 75.15 75.81 0.79 0.958 0.937
Cys 72.09 74.61 73.79 73.51 76.77 0.75 0.824 0.544
Glu 74.67 76.15 75.35  77.47 76.33 0.93 0.807 0.616
Gly 72.37 74.15 74.03 73.17 76.21 0.68 0.779 0.761
Ser 75.20 76.23 7477 74.63 75.69 0.42 0.614 0.874
Tyr 72.47 7559 73.75 73.54 74.28 0.92 0.589 0.954

NC: Negative Control, PC1: Positive Control I (Antibiotics), PCII: Positive Control I
r(Probiotics), P5: Antimicrobial peptide
“SEM: Standard error mean.

=

2) & 3

b
S
ofN
=)
ox
i

gt fEtol= PS5 Folol o & T vAd=e FX9 Wik Table 73 2tk 14949
F w5 Clostridium spp.2 w73kl 29l Aok YAl 22k (p>0.05),
Coliforms o A+= P5 60ppm 377} ol H|3te] fodor 7HAsdh= Ao=E
B Ep<0.05). @Al Folat R AetAl wofreke] wlalel A= folH Q1 Afol7h yEhA|
Bkt (p>0.05). P5 we7-ek @A wol7-1ke] wlale A= Coliforms 47F FAA <
TolA FelHem VAl UEs o (p<0.05), AetAl wolTrebs fFoAQl AFolrh yEhbA
2k TH(p>0.05). 284# e} Coliforms 2= A Fol57F tha Fofgtel wste] oA
o8 S HERem(p<0.05), P5 60ppm¥t Hla Aol = o # Rl Apelzh vEhbA] ottt
(p<0.05). P5 AHel7ok A Foleke] waAd= &84 Tl Coliforms 537}
A e 07 (p<0.05), ABatAl ol greke] mlalel A= fof 1l Abolrh HERH] Rttt
(p>0.05).
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Table 7. Effects of antimicrobial peptide (P5) on bacterial populations
(Logio CFU/g) in feces of weanling pigs'
P5, ppm, % p-value
Item NC PCI PCH 0 60 SEM? P5vs  P5vs
PC 1 PCII

d 14
TAB® 875 856 867 873 8.62 0.03 0.284 0.964
Clostridium spp. 7.43 7.18 7.33 7.35 7.24 0.06 0.417 0.806
Coliforms 6.78 6.37° 6.69° 6.62°°® 6.51>  0.04 0.011 0.119
d 28
TAB 861 845 852 859  8.49 0.04 0.456 0.821
Clostridium spp. 7.34 7.08 7.13 7.18 7.11 0.05 0.611 0.858
Coliforms 6.61° 6.19° 6.53 6.50" 6.37°° 0.04 0.018 0.242

P alues with different superscripts of the row significantly differ (P<0.05).

INC: Negative Control, PC1: Positive Control I
(Probiotics), P5: Antimicrobial peptide

?SEMS Standard error mean.

*Total anaerobic bacteria.

Table 82 P59 w7t x=9] 34 2 w79
olty. I HeME F
(p>0.05). Coliforms?] =X+ P5 60ppm

w7 Clostridium spp.ol A+ 249l
woT7F tx2Ttel] Hlste] JAdEE ASE

(Antibiotics), PCI: Positive Control II

n) (2890 WA= S el A
Aol 7k UER}A

EFE o (p<0.05), A T <= F240 2ozt YEyA] &kt (p>0.05). P5 w9+

oF FAA Folete] vluo| A& Coliforms FX7F FAA oA A YElRLoY
(p<0.05), A FoATF9= Fo4Q Zol7b YehuA] Ekth(p>0.05). e F H9t
Coliforms®] 2= A FoATAA Foldo=z A YelRth(p<0.05).
Table 8. Effects of antimicrobial peptide (P5) on bacterial
populations(Logio CFU/g) in ileal and cecal content of weanling
pigs (d 28)*
P5, ppm, % p-value
[tem NC pPCI PCO 60 SEM* P5vs P5vs
PC1I PCO
Ileum
TAB? 8.48 8.19 8.34 8.44  R.26 0.20 0.248 0.959
Clostridium spp. 7.25 6.92 7.09 7.08 6.99 0.21 0.216 0.556
Coliforms 6.46° 6.09" 6.38* 6.35° 6.28" 0.17 0.030 0.211
Cecum
TAB 8.57° 8.28" 8.40™ 8.42® 836" 0.03 0.158 0.927
Clostridium spp. 7.30 6.95 7.11 7.12 7.04  0.05 0.314 0.792
Coliforms 6.54° 6.15° 6.42°° 6.40" 6.32° 0.04 0.006 0.272

®yalues with different superscripts of the row significantly differ (P<0.05).

INC: Negative Control, PC1:
(Probiotics), P5: Antimicrobial peptide
’SEM: Standard error mean.

*Total anaerobic bacteria.
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3) dF IgG, IgA % IgM &%

Table 9& 44 R @t FHepo]= P5e] Fofd] & olfAl=e] % IgG, IgA % IgM
FEE UER otk 7t A we EAA 4x}b thehA) %M%m 05), &3t 3
Elel= P59] H7tEEo] £&F% 1gG, IgA

Table 9. Effects of antimicrobial peptide (P5) on serum immunoglobulins

(mg/ml) of weanling pigs'

P5, ppm, % p—value
2
Item NC PCI PCI 40 60 SEM PS5 vs P5 vs
PCI pPCI
d 14
IeG 6.98 7.51 7.26 7.21 7.33 0.24 0.727 0.992
IgA 0.33 0.40 0.36 0.34 0.37 0.03 0.743 0.986
IeM 0.86 0.96 0.89 0.90 0.93 0.03 0.638 0.714
d 28
IeG 7.09 7.57 7.30 7.24 7.44 0.37 0.850 0.973
IgA 0.35 0.42 0.39 0.38 0.39 0.05 0.787 0.958
IgM 0.90 1.03 0.91 0.92 0.95 0.06 0.626 0.800

INC: Negative Control, PCI: Positive Control I (Antibiotics), PCII: Positive Control I
r(Probiotics), P5: Antimicrobial peptide
“SEM: Standard error mean.
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Table 10. Effect of antimicrobial peptide (P5) on relative visceral organ
weights and length of intestine in weanling pigs (d 28)!

P5, ppm, % p-value
ltem NC PCI  PCIO 40 60 SEM? P5vs P5 vs
PC I PCII
Organ weight, % of live weight
Heart 0.46 054 051 050 053 001 0578  0.907
Liver 3.25 3.36 3.28  3.29 3.32  0.09 0.822  0.944
Lung 1.27 1.34  1.27 1.24 1.28 0.05 0.559 0.981
Kidney 0.43 0.44  0.43  0.39 0.42  0.02 0.530 0.597
Stomach 0.53 0.62 057 0.6 0.58  0.02 0.287  0.906
_Small 422 456 451 434 449 0.5 0.755  0.843
Intestine
 Large 2.15 231 227  2.20 223  0.12 0.814 0.872
intestine
Length, cm
_Small 1356.50 1445.75 1490.50 1420.67 1438.50 26.88 0.813  0.507
intestine
Large 367.25 412.00 °95 37475 397.00 11.92 0479  0.979
intestine 25

INC: Negative Control, PCI: Positive Control I (Antibiotics), PCII: Positive Control I
(Probiotics), P5: Antimicrobial peptide
“SEM: Standard error mean.

Table 11. Effect of antimicrobial peptide (P5) supplementation on small

intestinal morphology in weanling pigs (d 28)!

po5, ppm, % p—value
2
Item NC PCI PCIH 10 50 SEM® PS5 vs PS5 wvs
PCI pPCIlI
Villus height, gm
Duodenum 684 656 679 649 665 18.35 0.983 0.700
Jejunum 541 574 551 528 546 18.66 0.483 0.848
[leum 457 431 451 467 455  20.83 0.634 0.846
Crypt depth, um
Duodenum 323 335 344 343 345 6.44  0.630 0.982
Jejunum 275 233 247 253 276 7.82  0.239 0.485
[leum 241 258 213 298 274  20.50 0.663 0.253
VH/CD
Duodenum 2.11 1.96 1.98 1.89 1.92 0.08 0.816 0.733
Jejunum 1.97 2.46 2.24 2.08 1.98 0.11  0.169 0.520
Ileum 1.90 1.67 2.12 1.57 1.66 0.20 0.776 0.234

'NC: Negative Control, PC1: Positive Control I (Antibiotics), PCI: Positive Control II
'(Probiotics), P5: Antimicrobial peptide
’SEM: Standard error mean.

(1) 8.9

B Aol A oAbl 3 AW A=, GFs 25E AR vA=
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2 FAA AeTE A PS5 weT Boh & zlo® veyth a2y & £ PS5 i
A= A FARE AaE vEblen, ﬂ%i TR A Fefe sl w e
FE PS5 wolve 23 A MAE FAE ARAA YL 2382 NS o=
el AFFEH = fshs Aow nin. £ $59] PS5 Fol e A} A :?iﬂr }
Uehd Zo® Hop Fatfiete]l= PS5O Fol= ALRS A diA 7heAd S e

2 A, AGAFES 0.6%RT & FoR AlmEt

CS5A AR W AA wiACA wigE F fEol= PS5 d AdAlet FAA Y] vl
€ T8 AR, 9%x 458, 2] FHTgH 2dd v e ¥l BF AT

\]

(1) 4724

Ao = A wiH oA wgE g FElO|= PSS A At Wi = AFEH A
A 2 dAA o] HuwE fsle] SAZ AFGAIH S AAs
(2) FANTE 2 AFAIR

B A1¥S 9 RossE broiler(45+1.00g) 40054-E FA1sto] (53], 445HE wtE 20
Starter(0 ~ 35%)¢} Finisher(4 “55)2 & 5F37F AFAIE S AAsdt. Al A ?—rt— A

Q7% 2718t Starter$t Finisher® -Este] woabqlar, A28 A vlaE 9
3ol NC(negative control), PC I (positive Control : Antibiotics—Avilamycin, 0.05%), PC
[I(positive control: Probiotics— Lactobacillus, 0.2%), P5(Antimicrobial peptide P5
A0ppm+ Lactobacillus) “L2]31 P5(Antimicrobial peptide P5 60ppm+ Lactobacillus)a}l$i 2o
W, Al AR Wil ool ZtR(Table 13, 14).

(3 AtgF#EY

Broiler= A%< 7|22 sl 5AE|2 A & 495, 95
of A AFGZIZE BAMARFEE A 2mx2m)stgl o vigdl= SAE 2Tt AL
7HgRR o] dAskgl o, AlE 7 U AldAIRES B2 AGAA Al FY 7

B ol el gl Fate] AT,

@) E=AGE

w Al AMFEH e A Ask AT A AA7HAL starteret finisher] FEA
AR o AEHHAFE AT SHA AR FolEdA AlEREe FAE SAHEAT
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23} A ol 4k8}= F(Cra05, 0.25%)S A1EA

Aq-gA1717] 98ke] on] 717k 3Y3F FRATh 7}
3A7E AXRAZ T BHVE o] &3t E3ste

AR AFEEATh A EAtR e 2o kg2 AOAC(1990)dl 3o A ekl o

A &gt ALbel oJste] 3l

AU A23ER) = {1-A15FY CrtsFg X< )
(FZ9 Cr&asn x Atase ddis=H%) <100

NS ES 7 A 5 Al AEHE 3FA(F 409) EF3te] AL ES AF S
-20C9e WAFad SA] Basict. FHLES] AFH7 By 2d & WEAZ AlRE -8
0Ce Yesdx7|(Samwon Inc., Korea)old Wedzxsltt. dxHE AlS+ 1lm screen
wiley mill2 W E= o] ofr =2t

Al

At & opu ks FA S| A7bA] WAR A
BAo X722 24A17F ZoF 105TCoA] 6N HClI fHoz 7141 7]
486, USA)E AF&3le] &435 o, gf3tofu=qk2 24A17F 52t 7Heis] A7l & cold

performic acid& o 2 23} ]dte] 43 tHMoore, 1963).

Azd N F A= NS 1 mlE A=A E58te] wigedtt. o] wf AREF
5|4 92 peptone®t L-cysteineHCIE Z+7F 0.5%, 0.05%% 7het &4 ARSIt o
o

S4S 9% AFE3 w9} Wl A2 Table 129} oW, wAE T F F5(total
anaerobic bacterial counts), Clostridium spp. countsi= Gas Pak System(BBL)S& A}-&3}
of F7IGHE wiYetdlal, Coliform & 7] H=E w&Fsd F Ao = 7 plated]
colony—forming unit (CFU)2 74t F loglOo.2 #hatatdic). mjgFxaS 37T, 48417 o]
AT

Table 12. Selection media and culturing condition for the enumeration of

microorganisms
Incubation
[tem Medium Temperature
. Hour
()
Total anaerobic bacteria Tryptic soy agar’ 37 48
Clostridium spp. TSC agar (anaerobic)’ 37 48
Coliforms Violet red bile agar 37 48

'Anaerobic : Gas pak anaerobic system (BBL).
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4) % 1gG, IgA 2 IgM 5%

SAC F 1gG, IgASt IgMe] FS =487 flall SA9 Aol diS A 5 dF
< 8 etk HEE g 24 A7k -20CHAA Bkl

T IgG, IgA¢t IgM2 a4272% WY9EFZAH(Enzyme-Linked ImmunoSorbent Assay,
ELISA)o. 2 ZA3I3=d A3 Chicken IgG ELISA Quantitation Kit (Bethyl, USA),
Chicken IgA ELISA Quantitation Kit(Bethyl, USA)®} Chicken IgM ELISA Quantitation
Kit(Bethyl, USA)E AH&-38F3laL 450 nme] F3dkold SA8 Y. T 1gG, IgAst IgMe] =
A2 96 well platee] Coating Buffer(0.05M Carbonate-bicarbonate, pH 9.6)¢} Goat
anti—-Chicken IgG antibody, Goat anti—Chicken IgA antibody, Goat anti-Chicken IgM
antibodyE 717t 1:1002.2 3Ag 08 100u¥ Y2 F 37ColA 1AZF s &
Wash Solution(50nM Tris, 0.14M NaCl, 0.05% Tween 20, pH 8.0)& o]&3}e] 33 A%
34t} Blocking Solution (50nM Tris 0.14M NaCl, 1% BSA, pH 8.0)2 Z} welld 20010
A gar 37CoA 303 miket § 33] AlHelv. AdAow A3 2EHH I A9
dHS welldl 27 100w W2 & 37CoA 1AZF wigkst & 53] MF35H . Goat
anti—Chicken IgG-HRP conjugate antibody, Goat anti—Chicken IgA-HRP conjugate
antibody®} Goat anti-Chicken IgM-HRP conjugate antibodyE Conjugate Diluent(50nM
Tris, 0.14M NaCl, 1% BSA, 0.05% Tween 20, pH 8.0)°l Z}Z} 1:40,0002 1:60,000,
1:40,0002 A3t & welldl 2+zF 100pl® @2 5 37TCAA 1AI3F Hﬂok?ﬂ 53] At
< 2AA(TBM solution)E& 100p® ¥iL 37ColA 15237F vb3 A1Z1 & 2M HeSO4E Z+2t
100p02 Yol wks-S AXA| AT, whSo] 4 plateE ELISA readerE ©]-83o] 450nme)
oA A sl

g FEol= PS5Ol wol7b A A 2shr|de] Ede] vz
E=AE 9 4 asae] FAE
Z

o = & ]
ol zt Zsprlde] HAFAE S48t WE=s AT 5 vE Fe
A

gt FEtol= P59 Fof7b &% Wl §R9 A wstE #A#etr] fste] 7z 9A F
5 A AREE 8F(F 4098 B4 3 F UG ESE Y 15emit s A =5t
AdaE AHE thE 10% formalin &Rl HAA|ste] AxAnF o= A& w7+ ¥ B

| ¥18Fe] 10% formalin 8¢ HEEO W AlEE
Asle] azure A9} eosinel @ GAIHATE AT A
=39 HCera %, 1988). SR o9t g9zl

5 molek g9 ZojE =Ha
paraffmfli IAAZ T 6umA 7] =
S 400 wjEolA HAAn A o=

&L F RAF ol ABHAL
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B) BEAEA
SAS(1985)¢] GLM H=A}E o] &3&lo] FHAFRAS A3 uncan® YA o R FoA

%D
< AAskSlth. HEtol=of A AA, FElo| =9 A AY] i 7E ¥l Independent-Sample

T-Test& olg3tol 453tk
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Table 13. Formula and chemical composition of experimental diets
(starer : 0~3 wk)

Item NC PCI  PCI S bpr.

Ingredients (%)

Corn 55.68 55.63 55.48 55.43 55.31
SBM (44 %) 26.19 26.19 26.19 26.19 26.19
Wheat 2.00 2.00 2.00 2.00 2.00
Corn gluten meal 7.00 7.00 7.00 7.00 7.00
Fish meal (55%) 2.00 2.00 2.00 2.00 2.00
Soy-oil 3.65 3.65 3.65 3.65 3.65
TCP 1.84 1.84 1.84 1.84 1.84
Limestone 0.75 0.75 0.75 0.75 0.75
Salt 0.30 0.30 0.30 0.30 0.30
L-Lysine (78%) 0.11 0.11 0.11 0.11 0.11
DL-Methionine (50%) 0.18 0.18 0.18 0.18 0.18
Choline chloride (50%) 0.10 0.10 0.10 0.10 0.10
Vitamin premix’ 0.10 0.10 0.10 0.10 0.10
Trace mineral premix® 0.10 0.10 0.10 0.10 0.10
Avilamycin (20%) - 0.05 - - -
Lactobacillus - - 0.2 - -
I)Ant1m1cr1b1al peptide(type ~ _ B 0.95 0.37

“Total 100.00  100.00  100.00  99.75.00  99.63.00

Chemical composition (%)

ME (kcal/kg) 3,200 3,200 3,200 3,200 3,200
CP 22.00 22.00 22.00 22.00 22.00
Ca 1.00 1.00 1.00 1.00 1.00
Avail. P 0.45 0.45 0.45 0.45 0.45
Lysine 1.10 1.10 1.10 1.10 1.10
Methionine 0.50 0.50 0.50 0.50 0.50
Met + Cys 0.88 0.88 0.88 0.88 0.88

1Supplied per kg diet : 10,000IU Vit A, 2,500IU Vit D3 50IU Vit E, 1.5bmg Vit K3 1.5mg
Vit B;, bmg Vit Bz, 3mg Vit Bg, 0.025mg Vit Bis, 15mg Pantothenic Acid, 35mg Niacin,
0.15mg Biotin, 1mg Folic Acid, 6mg Ethoxyquin.

“Supplied per kg diet : 45mg Fe, 4.25mg Cu, 65mg Zn, 72.5mg Mn, 0.2mg Co, 0.5mg I,
0.15mg Se, 0.5mg Mo, 0.15mg Cr.
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Table 14. Formula and chemical composition of experimental diets
(finisher: 4~5 wk)

Item NC PC 1 PC I Po, ppm, %
40 60
Ingredients (%)
Corn 58.34 58.29 58.14 58.09 57.97
SBM (44%) 21.43 21.43 21.43 21.43 21.43
Wheat 5.00 5.00 5.00 5.00 5.00
Corn gluten meal 8.00 8.00 8.00 8.00 8.00
Animal fat 3.86 3.86 3.86 3.86 3.86
TCP 1.66 1.66 1.66 1.66 1.66
Limestone 0.75 0.75 0.75 0.75 0.75
Salt 0.30 0.30 0.30 0.30 0.30
L-Lysine (78%) 0.22 0.22 0.22 0.22 0.22
DL-Methionine (50%) 0.03 0.03 0.03 0.03 0.03
Choline chloride (25%) 0.13 0.13 0.13 0.13 0.13
Vitamin premix’ 0.13 0.13 0.13 0.13 0.13
Trace mineral premix” 0.15 0.15 0.15 0.15 0.15
Avilamycin (20%) - 0.05 - - -
Lactobacillus - - 0.2 - -
IA)r1t1m1cr1b1a1 peptide(type ~ ~ ~ 0.95 0.7
Total 100.00 100.00 100.00 99.75.0  99.63.00
Chemical composition (%)
ME (kcal/kg) 3,200 3,200 3,200 3,200 3,200
CP 20.00 20.10 20.10 20.10 20.10
Ca 0.90 0.90 0.90 0.90 0.90
Avail. P 0.40 0.40 0.40 0.40 0.40
Lysine 1.00 1.00 1.00 1.00 1.00
Methionine 0.39 0.38 0.38 0.38 0.38
Met + Cys 0.68 0.72 0.72 0.72 0.72

1Supplied per kg diet : 10,000IU Vit A, 2,500IU Vit D3 50IU Vit E, 1.5mg Vit Ks 1.5mg
Vit B1, 5mg Vit Bz 3mg Vit Bg 0.025mg Vit Bie, 15mg Pantothenic Acid, 35mg Niacin,
0.15mg Biotin, 1mg Folic Acid, 6mg Ethoxyquin.

2Supplied per kg diet : 45mg Fe, 4.25mg Cu, 65mg Zn, 72.5mg Mn, 0.2mg Co, 0.5mg I,
0.15mg Se, 0.5mg Mo, 0.15mg Cr.
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6) A72%
D AFHAT GFn 258

2 AF S Stater?} Finisher® viro] A= gom Ak 2ol Aab= Table 159 #th
Stater 7]Ztell= A FoF7F b2 ATl Blste] FAF(weight gain) ¥ AFRAHZ
(feed intake)o] 7NA ¥ &= HAo 2 YERTHPK0.05). P5 60ppm 7ol & tix+o] vlste] 3
AF 2 AARSTFEe] MAHEE AR eSO ™ (p<0.05), P5 Tt FAA Hole]
Hl Lol A= A FolT 7 SAFNA frelHor /s s Ao e 91k (p<0.05), A
A w2k oA ZFol7b yYERuA] & ktH(p>0.05). Finisher 7]%Fel P5 60ppm #
of = izl Hlgte] FAFe] HAAEHJA S (p<0.05), FAAA L Ao H]A] o=

fre)Ael zpol 7t EbbA] bth(p>0.05). AA| 7|zt w EH ou A RAHE @ AR Qg

M Zpol7F YRR gk o(p>0.05), SAIZA A Fo Ut FelK oz =4 vE
S oHp<0.05). P5 60ppm w7+ txzTo Hlgle FA|FFo] Fofd oz /A= Foe=
UEFE 2 1 (p<0.05), A 2 AHA Fol o= o)zt YA ekt (p>0.05).

Table 15. Effects of antimicrobial peptide (typel) supplementation on

. . 1
growth performance in broilers

P5, ppm, % p-value
I[tem NC PCI PCI 40 60 SEM? P5vs P5b5 vs
PC 1 PCII

Starter (0~ 3 wk)
Weight gain, g 760 813" 802* 777 793" 551  0.032 0.139
Feed intake, g 1175 1196 1190 1187 1191 3.86 0.530 0.895
FCR 1.55*  1.47° 1.49* 153" 1.50* 0.01 0.189 0.100
Finisher (375 wk)
Weight gain, g 1111° 1228% 1184*™ 1162 1207 11.22 0.067 0.995
Feed intake, g 2146 2266 2211 2188 2218 20.90 0.338 0.892
FCR 193 1.85 187 1.88 1.84 0.02 0.833 0.912
Overall (075 wk)
Weight gain, g 18269 1996% 1941° 1893° 1955 14.51 0.012 0.481
Feed intake, g 3320 3462 3401 3375 3409 22.16 0.304 0.882
FCR 1.82  1.73 175 178 1.74 0.01 0524 0.822
®edyalues with different superscripts of the row significantly differ (p<0.05).

INC: Negative Control, PC1: Positive Control I (Antibiotics), PCII: Positive Control II
(Probiotics), P5: Antimicrobial peptide

’SEM: Standard error mean.

ok A3E AP A= Table 167 2t} Starter 7)7Fol= A G371 A8 2
G AskEod A 7MY A YEFETHP<0.05). PS5 60ppm w7 tER T HMO%

AHp>0.05). P5ok A Fofgteke] wlalol M= A ol A&

ez

= 9 xuwd Askgo] /dEe AoRE UE O™ (p<0.05), FAA FodTeE o4 <
21 o

2! A3lgo] foAoz =A YeEFTtHpP<0.05). Finisher 717Fll+= P5 60ppm &

z C
T
T
X
o &2
pocs
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of 7F tixTrol] Blste] A= Astgo] MAEE Ao®E YERHTHP<0.05). PS5 w79 &
A R ABAA Folgreke] Blarel = FolH <l Aol 7F yEbA] e ktH(p>0.05). 3] 7ot]
A4 3 S(Table 17)9l A+ Arginine®} Methionine A&3}&oA thzx7o] H]3] P5 60ppm
Ho7h A EE o2 GERRTHp<0.05). P5 ol ok FAA Fod kel nlaelxe g
A Fo77F Arginine &3S /A SHE Ao ®E YEFGTHPL0.05).

Table 16. Effects of antimicrobial peptide (P5) supplementation on

nutrient digestibility (%) in broilers’

P5, ppm, % p-value
2
[tem NC PCI PCT 10 50 SEM P5 vs Povs
PC1 PCII
Starter (0™ 3 wk)
DM 77.81° 80.81% 79.17* 78.48> 79.05® 0.34  0.018  0.660
Cp 68.38° 71.96° 70.30" 69.27™ 70.42* 0.35  0.006 0.474
GE 74.65 76.29 75.05  74.80 75.02 0.48  0.420  0.933
Ash 45.89 49.78 4957  47.82 4965 058  0.563  0.634
Ca 36.10 38.70 37.64 36.86 37.56 0.42  0.239  0.600
P 34.60 37.46 36.97 36.88 36.90 053  0.620  0.960
Finisher (375 wk)
DM 76.04¢  78.44% 77.13™° 76.75 77.97* 0.26  0.103  0.670
Cp 65.86" 68.58" 66.45® 65.56" 67.98"" 0.41 0.185  0.717
GE 74.06" 76.35° 75.04" 74.98° 7575 031 < 0.227 0.732
Ash 46.47 47.65 46.86  46.98  46.94 0.46  0.581  0.944
Ca 35.92 37.78 36.81 36.26 36.57 0.62  0.486 0.815
P 32.94 34.52 33.15 33.09 33.36 0.45 0.554 0.924

abc

Values with different superscripts of the row significantly differ (p<0.05).

'NC: Negative Control, PCI: Positive Control I (Antibiotics), PCI: Positive Control II
(Probiotics), Type I : Antimicrobial peptide

“SEM: Standard error mean.

_92_



Table 17. Effects of antimicrobial peptide (P5) supplementation on apparent ileal
digestibility (%) of amino acids in broilers (d 35)

P5, ppm, % p-value
2
[tem NC PCI PCI 40 50 SEM? P5vs  P5uvs
PC 1 PCII
Essential amino acid
Arg 68.37¢ 72.42% 71.42® 70.64" 71.50 0.38 0.047 0.628
His 62.74 63.48 63.60 64.41 64.65 053  0.763 0.808
lle 61.53 67.32 6555 64.15 64.03 0.84  0.301 0.806
Leu 69.45 70.83 68.18 69.44 69.92 0.57  0.372 0.410
Lys 70.60 73.77 70.75 71.06 7259  0.47  0.087 0.353
Met 76.03" 78.97* 79.27* 75.54° 78.83" 0.44 0.160 0.092
Phe 65.93 66.18 64.87 65.16 65.80 0.39  0.559 0.441
Thr 57.13 57.81 5853 56.89 58.38 0.32  0.839 0.280
Val 61.14 62.39 60.53 60.80 62.19 0.36  0.356 0.450
Non-essential amino acid
Ala 63.35 66.16 65.43 64.83 66.24 0.44  0.554 0.928
Asp 54.90 57.02 56.08 55.66 56.71 0.31  0.386 0.881
Cys 55.77 56.48 55.80 55.38 56.53 0.40  0.680 0.878
Glu 68.97 71.39 69.65 69.38 69.53 0.61  0.389 0.897
Gly 60.15 61.10 60.36 59.95 59.92  0.37  0.343 0.699
Ser 60.98 62.56 61.35 61.58 61.42 0.49  0.249 0.891
Tyr 60.82 63.05 62.62 6246 63.19 0.44  0.867 0.814

PValues with different superscripts of the row significantly differ (p<0.05).

INC: Negative Control, PC1: Positive Control I (Antibiotics), PCII: Positive Control I
r(Probiotics), P5: Antimicrobial peptide

“SEM: Standard error mean.

@4 FElol= PS5 Folol 9% & 5 nAE 729 W= Table 18¥ #oh 21449
Z 4 % Coliforms X+ 3AA Fo oA 71 FA e 2 (p<0.05), P5 60ppm
vl oA Aozt YEREA] Sk tH(p>0.05). P5 wolTtek Al Hogheke] vl
o= A FodT9 Coliforms FX7F fredoz2 A YeEbtHp<0.05). 35 Ao =
P5 Al 77F iz vt F #4 2 Coliforms X7} fFoldoz v yelston
(p<0.05), P5 60ppm w7 FAA Folgeke] vl {941 Zpo]7b YA &
AHp>0.05). P5 Folg-oF AetAl g5 vud wf P5 3o FodlA Coliforms G217}
ol o= vrA YERTHp<0.05).
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Table 18. Effects of antimicrobial peptide (P5) on bacterial populations
(Logio CFU/g) in excreta of broilers'

P5, ppm, % p—value
[tem NC PCI PCIO 40 60 SEM®* P5vs P5 vs
PC I PCII
d 21
TAB® 8.74* 8.49° 865" 861" 854® 0.04 0378 0.424
Clostridium spp. 7.49  7.29 7.45  7.41 7.39  0.03 0.258 0.548
Coliforms 6.87* 6.55° 6.73" 6.79° 6.61™ 0.03 0.030 0.729
d 35
TAB 8.70* 8.38" 856" 853 846° 0.03 0.173 0.427
Clostridium spp.  7.44* 7.21° 7.33" 7.35" 7.25® 0.03 0.240 0.667
Coliforms 6.81* 6.37 6.58" 6.52™ 647 0.04 0.029 0.031

dedyalues with different superscripts of the row significantly differ (p<0.05).

INC: Negative Control, PC1: Positive Control I (Antibiotics), PCII: Positive Control II
(Probiotics), P5: Antimicrobial peptide

?SEMS Standard error mean.

*Total anaerobic bacteria.

Table 198 &+ Felol= Fojo] 93k FA o 373 = WA ) v gE(35Y)d vA+=
QS Yeld Aotk 3 U A& n X koA P5 60ppm Hol e thERTol H]
3le] Coliforms X5 #ZAA7]1E Aoz YEFSTH(p<0.05). P5 579 A 2 AA
Fo]Tele] Hlme = o2l Aok YElEA] EtH(p>0.05). W W v EAE P5
60ppm 7ol F7F 2ol Hlate] Coliforms 47} WA YEFSTHp<0.05). PS5} A4
o] F-7re]l Hl ;Ao &= %Q@‘d zFel7F UERA] A RHp>0.05), AdAleke] B ao) A=
P57} Clostridium spp. & A o =R a4 el o= HEFSTHp<0.05).
Table 19. Effects of antimicrobial peptide (P5) on bacterial populations (Logio

CFU/g) in ileal and cecal content of broilers (d 35)!
P5, ppm, % p—value
Item NC PCI PCI 10 50 SEM? P5vs P5vs
PC 1 PCII
Ileum

TAB® 8.53* 8.23" 8.62°® 848" 830" 0.06 0.314 0.110

Clostridium spp. 7.15 6.96 7.14 7.10 7.03 0.03 0.171 0.210

Coliforms 4,697 4.25° 4.43° 442" 434> 004 0.097 0.518
Cecum

TAB 8.64° 8.35" 8.55®® 8.49%® 839® 004 0.398 0.195

Clostridium spp. 7.23 7.03 7.19 7.12 7.09 0.03 0.565 0.011

Coliforms 478 4.29° 453> 449> 442 004 0.063 0.293

abc

Values with different superscripts of the row significantly differ (p<0.05).

INC: Negative Control, PCI: Positive Control I (Antibiotics), PCI: Positive Control I
(Probiotics), P5: Antimicrobial peptide

“SEM: Standard error mean.

3) 4% IgG, IgA 3 IgM &%
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Folo 93 A dF IgG, IgA ¥ IgM
u} 2 %74]7‘—, o) A= YERA] E3AwHp>0.05), St
= 2 [gMe] FX7F A YERS

Table 20. Effects of antimicrobial peptide (P5) on serum

immunoglobulins (mg/dl) of broilers'

P5, ppm, % p-value
2
[tem NC PCI PCI 40 60 SEM PS5 vs P5 vs
PC1 PCII
d 21
IgG 284.94 310.51 302.33 297.73 304.83 11.18 0.685 0.972
IgA 34.86 37.01 35.19 35.03 38.51 2.25 0.967 0.840
IgM 78.36 86.52 82.56 79.14 83.39 2.07 0.365 0.851
d 35
IeG 283.04 314.36 302.60 295.58 308.29 16.64 0.780 0.984
IgA 35.20 37.21 35.13 35.53 38.68 1.19 0.979 0.557
IgM 78.94 87.10 82.79 81.43 84.96 2.37 0.593 0.957

'NC: Negative Control, PC 1: Positive Control I (Antibiotics), PCII: Positive Control I
'(Probiotics), P5: Antimicrobial peptide
’SEM: Standard error mean.

4 BN, =AEE 2 2% GH

Table 21> 34t HElo]|= PS5 Foi7F SA9 =A@ 4d 2 A7 FAlol nA= 43S e
A(BE5Y) Aotk zF Ayl gztel oA ] ZFol7b glAvH(p>0.05). ®&k o] ¢ vk AR
age] 7 FEelAA, 3 2 33 © §EAl(villus height, VH), §¢=ol(crypt
depth, CD), §X4dol9} Fefsole nle|(VH/CD)E ZAS Ay A4 2 PS5 7ol wE
A1 Wk YRR 3 TH(p>0.05).
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Table 21. Effect of antimicrobial peptide (P5) on carcass traits, relative

visceral organ weights and intestinal length in broilers (d 35)!

P5, ppm, % p—value
2
Item NC PCI PCIO 40 60 SEM PS5 vs P5 vs
PC1I PCII
Carcass traits, % of live weight
Dress 54.51 57.68 56.20 55.61 56.35 1.07 0.272 0.966
Breast muscle 16.50 16.65 16.18 15.59 16.49 0.46 0.531 0.921

Abdominal fat 1.42 1.24 1.22 1.29 1.25 0.07 0.882 0.796
Organ weight, % of live weight

Heart 0.56 0.59 0.56 0.55 0.58 0.02 0.680 0.926
Liver 0.47 0.59 0.55  0.57 0.55 0.05 0.845 0.966
Proventriculus 1.76 1.73 1.72 1.73 1.75 0.05 0.948 0.919
Stomach 2.38 252 241 2.44 2.47 0.07 0.720 0.831
Small intestine 2.75 2.85 2.80 2.76 2.83 0.10 0.833 0.991
Large 054 0.63 0.57 054 056 0.01 0.159 0.640
Intestine
Length, cm

Small intestine 161.88 166.83 165.13 159.88 165.78  3.86 0.759 0.830
Large 25.38 27.15 26.13 25.25 26.75 0.62 0.406 0.955

intestine

'NC: Negative Control, PC 1: Positive Control I (Antibiotics), PCII: Positive Control I
(Probiotics), P5: Antimicrobial peptide
“SEM: Standard error mean.

Table 22. Effect of antimicrobial peptide (P5) supplementation on small

intestinal morphology in broilers (d 35)*

P5, ppm, % p—value
2
Item NC PCI pPCIl 10 60 SEM PS5 vs PS5 vs
PC1I PCI
Villus height, um
Duodenum 1746 1933 1780 1863 1822 46.71 0.546 0.679
Jejunum 1060 1114 1151 1120 1085 33.39 0.915 0.627
[leum 515 584 564 547 572 17.74  0.662 0.920
Crypt depth, um
Duodenum 661 657 656 664 653 18.21 0.971 0.968
Jejunum 422 414 445 434 437 15.25 0.651 0.851
[leum 249 225 242 234 214 6.72 0.975 0.316
VH/CD
Duodenum 2.68 2.96 2.78 2.80 2.87 0.11 0.671 0.879
Jejunum 2.53 2.75 2.70 2.65 2.56 0.13 0.725 0.823
[leum 2.13 2.60 2.35 2.35 2.69 0.09 0.739 0.454

INC: Negative Control, PC 1: Positive Control I (Antibiotics), PCII: Positive Control I
(Probiotics), P5: Antimicrobial peptide
“SEM: Standard error mean.
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A3 19 Aol v Ad® P5o 7 AR W ke FEE 4S5 veid
Ao Z Pty H|E FAA S giel= v A A XPAN P5Y] 7 FEo] mE55F 13
HAE ek oA Tl FEeH, olm Q] FUL &skE B FAHFC] MAHE AL
= AlRET oy AR mFo] & uf Iyt FEo|= PoYF HIFE AR Hole f3
nAdEe] QS AAEte] AskE JHAAS AESAEARTE Aol FAAA A THsAdel e A
° % dAerEtt
U, 23d s

L AE A2 W AFA AN WFD 7 Beol= A3 FH AFAS FAAte B
9 4%, GGE 258, 239 FUSA B nAE JPol B A7

(D 4754

2 AR A AN Mg Bt
A R FYA) vwE ishe] AEOR A

@) AdE 2 AR

AP S Yl o] &A= (LandraceXYorkshirexXDuroc, 18+198, 5.744+0.02kg) 3005
2 FAlste] AW AT wel 53] 4¥kE(aE o 155)0] el wiAEIth AlE 7]
7k phase (07 29)¥ phase (37 4)2 o] F 45(28Y)37F AAISFHF S phase

)
[3 I8 AraEsE STe-gvds T2 wdsdioen A8 NC(negative
control), PC I (positive Control : Antibiotics—Apramycin, 0.15%), PC Il(positive control:
Probiotics— Lactobacillus, 0.2%), A3(Antimicrobial peptide A3 60ppm+ Lactobacillus) L
2] 12 A3(Antimicrobial peptide A3 90ppm+ Lactobacillus)® 3}t A|ALR ] %A S
T2 NRC(1998)°M A dFa a7FS SHAY 29sties wighelti(Table 24
o} 25).

(3) AtFa=

A= AT de 7I£o2 5AER AT 4utE, vk 1554 e ol oul Aol
wpe} vl x| etk AldaEE B Al #eHe] Fsle] AAsITh 1E]al AlHALE 9}
B2 ArAA Alzlom ZIEE HIHAG oS AA] AFEEHA] okt

D A=

DR
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542 7} @A (Phase 1, 1) 7|Ae} 5
T SAAN FolEoRNE ARNHY FAE
SASAT. AFFAI G A Do ATy AladHAFeR dIFSAFHF(Average daily gain,
ADG), dUAEAF 3 (Average daily feed intake, ADFI) 181 A& Q& (F/G)& At&3}

2) Ydir A3E

AFrisES FAHS 7] Yot E438F AAIAQJ A8t E(Cr0s, 0.25%)S Al@ALE
A7rekel gojatglon] Walw e HeA7)7] glske] 5Uzke] AL ke 347k A
717FS Tk 7z AR BS AHE o 65T Ax7)A 397 AFXA & BHUE
o]&3to] Ffste] BAAREZ AFESTE AlFA RS} o] YRR AOAC(1990) =3}
of Ao JUL 23S TS Ak o&te] 3t

Ao 238(%) = {1-(AFEFY Crten x B39 JdasHe)/

[e]
(EF9 Cradsn < Ara59 JSares%)r <100

YL =2 APTE Al AEE 4FH(F 207) E=F8te] IJAUEES AFs] -2
0Ce W A st gUEE AHA BF €d & JA7 AIEE -80T
o] WEAZ7|(Samwon Inc., Korea)ollAl W% AZXsAt. A%%H A+ 1mn screen wiley
mill2 Fd3 $ ofu|=4kS #2517 A 7EA] %Xo} Hyasiaoh g8 ofnw=il &4
S ABE 24247 F<F 105TCo A 6N HCI & =
USA)E ARg3ste] #A435k5lom, ‘%Oﬂo}uli’&% 24A1ZF &9k JhEsl Al ¥ cold

performic acidg& N o2 A3} 2 gdte] E41389 cF(Moore, 1963).

AP 2o AR AR ) fa AES 5g8 Al 45ml H4 o] Wi s
2 WS Akl 1mIE 9ml AN o] A% NS A4 F @7 A
of H4e EUE Wehw odw AYSAD Ax shaR FAsk AW

FrA8t7] #st )
Az s|Md F dste FJAAE 1 mlE HAEHUHAN EFste] wgstalnt. o] o A&
3] Mo peptone?} L-cysteineHCIS 22 0.5%, 0.05%% 7135k §8S ALgs1 Y. 5
548 9% AEe wiA9} wlF 2HALS Table 233 #Zow, wAE F FHFF (total

anaerobic bacterial counts), Clostridium spp. countsi= Gas Pak System (BBL)S AF&83
o H7|AHE vjeksly al, Coliforms counts% 7] e 2 st & AlF = 2 plate
9] colony-forming unit (CFU)® AXl & loglOe® 3HAFSIQTh. vz Aae 37T, 4847
o] At
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Table 23. Selection media and culturing condition for the enumeration of

microorganisms
Incubation
Item Medium Temperature
. Hour
(C)
Total anaerobic bacteria Tryptic soy agar’ 37 48
Clostridium spp. TSC agar (anaerobic)! 37 48
Coliforms Violet red bile agar 37 48

"Anaerobic : Gas pak anaerobic system (BBL).

4) = 1gG, IgA % [gM 5%

~F

rt

o] F IgG, IgA%}t IgM9] &= =A43et7] flall A= AR dAS A 5 EF
2] st Hald e B4 AR -20ToA A BAsA. F 1gG, IgA9) [gMS &

Ast W &2 (Enzyme-Linked ImmunoSorbent Assay, ELISA)S.2 =A3&lH =0 A9
ol = Pig IgG ELISA Quantitation Kit(Bethyl, USA), Pig IgA ELISA Quantitation
Kit(Bethyl, USA)®} Pig IgM ELISA Quantitation Kit(Bethyl, USA)E A}£3+%3 450 nm
o] FZAZoA ZAFAT. FT IgG, [gAY IgMe] =&AL 96 well plateo] Coating
Buffer(0.05M Carbonate-bicarbonate, pH 9.6)¢} Goat anti-Pig IgG antibody, Goat
anti-Pig IgA antibody, Goat anti-Pig IgM antibodyS Z+Z} 1:100%8.2 3]A3F &0S 100
wA gL T 37ColA 147 w3t & Wash Solution(50nM Tris, 0.14M NaCl, 0.05%
Tween 20, pH 8.0)% o]&3}o] 33 AA3} T} Blocking Solution (50nM Tris, 0.14M
NaCl, 1% BSA, pH 8.0)& 7} welld 200u% €a1 37ColA 303t st & 33 A2 s}
Aok Ao M gEIdAHN A= S wellel 24H2F 100w W2 F 37ColA
1A)1ZF wiekst & 53] M A ST Goat anti-Pig IgG-HRP conjugate antibody, Goat
anti-Pig IgA-HRP conjugate antibody®} Goat anti-Pig IgM-HRP conjugate antibody&
Conjugate Diluent(50nM Tris, 0.14M NaCl, 1% BSA, 0.05% Tween 20, pH 8.0)9] z}z}
1:100,0007 1:50,000, 1:100,000% 3]A4gk 5 wellell Zt2F 1004 2 5 37TCoA 1A
Zboweket & 58 AlFe & BAA(TBM solution)E 100w% @i 37TCol|A 1583 wkg
AIZL % 2M HeSOuE A2 100w wol vbg& GAAZ . whgo] €1 plateg ELISA

=
=
readerE ©]83to] 450nme EFEolA EA1E9 )

Mo

B o
ndt

Git AWekol= A39] Fol7h 23rlwel wad ML 9% 245 fstel 24 23]
W] TAE SAAA ABFE A 2 AR 4R EEdte] 2 2w AATAS
ZAela eES AAS H vhe £reR B8 gloln v 28 TS SHaqr.

D

) 2% morphology
gt FEPol= A3 Fo7F AU R FETH wIE #Estr] fete] Ad TR



Al AYERE 47 (F 2098 &4 ¢ & IR ERY Y 15emPEs AEse] 4
o=z A H3F TS 10% formalin £Nol| A ste] AR Ao 7 B2a wr7bx] WA B
sl

SR Zolsl §o ZolE =Ast7] 9te] 10% formalin &0 HEHO 9d Aa=
paraffin®© = AN & 6ﬂlﬂﬂ7]§ Aste] azure A} eosineo @ GAEIYITH AT A
S 408 &l A AR o2 SA s tHCera &, 1988). §EFo|¢ g7 o] H

o ¥ FAE ol BEasi
(5) BARH

], AFAALE Ao x| o w AAEAT),
= uncan® tEHAAOR FIHS
ARG HAEjo|= 9} A, Selol=9o MFAe HEF7Z HlWE Independent-Sample
T-TestE o] &3] 2 A&}

>
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=
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Table 24. Formula and chemical composition of experimental diets (0~2 wk)

Item NC PC1  PCI A3, ppm, %
60 90
Ingredients (%)
Corn (EP) 22.24 22.09 22.04 21.87 21.69
Corn Starch 8.00 8.00 8.00 8.00 8.00
SBM (dehulled) 12.11 12.11 12.11 12.11 12.11
S.P.C 8.00 8.00 8.00 8.00 8.00
Fish meal (65%) 2.00 2.00 2.00 2.00 2.00
Whey powder 15.00 15.00 15.00 15.00 15.00
Lactose 11.00 11.00 11.00 11.00 11.00
W.P.C 6.00 6.00 6.00 6.00 6.00
SDPP 4.50 4.50 4.50 4.50 4.50
Soy oil 4.50 4.50 4.50 4.50 4.50
Sucrose 3.00 3.00 3.00 3.00 3.00
MCP 0.96 0.96 0.96 0.96 0.96
Limestone 0.83 0.83 0.83 0.83 0.83
Zn0O 0.30 0.30 0.30 0.30 0.30
Vitamin premix1 0.25 0.25 0.25 0.25 0.25
Trace mineral premix” 0.15 0.15 0.15 0.15 0.15
Salt 0.20 0.20 0.20 0.20 0.20
Acidifier 0.20 0.20 0.20 0.20 0.20
L-Lysine (78%) 0.38 0.38 0.38 0.38 0.38
DL-Methionine (98%) 0.15 0.15 0.15 0.15 0.15
L-Threonine (98%) 0.13 0.13 0.13 0.13 0.13
Choline chloride (50%) 0.10 0.10 0.10 0.10 0.10
Apramycin (10%) - 0.15 - - -
Lactobacillus - - 0.20 - -
poptidetispel) w085

Total 100.00 100.00 100.00  99.63.00  99.45.00
Chemical composition (%)
ME (kcal/kg) 3,410 3,410 3,410 3,410 3,410
CP 22.84 22.84 22.84 22.84 22.84
Ca 0.80 0.80 0.80 0.80 0.80
Total P 0.65 0.65 0.65 0.65 0.65
Avail. P 0.48 0.48 0.48 0.48 0.48
Lysine 1.55 1.55 1.55 1.55 1.55
Met + Cys 0.83 0.83 0.83 0.83 0.83

' Supplied per kg diet: 9,600IU vitamin A, 1,800IU vitamin Ds;, 24mg vitamin E, 1.5mg vitamin
Bi, 12mg vitamin Be, 2.4mg vitamin Bg, 0.045mg vitamin Bie, 1.5mg vitamin Kj, 24mg
pantothenic acid, 45mg niacin, 0.09mg biotin, 0.75mg folic acid, 18mg ethoxyquin.

2 Supplied per kg diet: 162mg Fe, 96mg Cu, 72mg Zn, 46.49mg Mn, 0.9mg I, 0.9mg Co,
0.3mg Se. - 101 -



Table 25. Formula and chemical composition of experimental diets (3~4 wk)

Item NC PC1  PCI A3, ppm, %
60 90
Ingredients (%)
Corn 34.08 33.93 33.88 33.71 33.53
SBM (44%) 19.10 19.10 19.10 19.10 19.10
Corn (EP) 14.00 14.00 14.00 14.00 14.00
SBM (dehulled) 15.00 15.00 15.00 15.00 15.00
Whey powder 7.00 7.00 7.00 7.00 7.00
Fish meal (55%) 2.00 2.00 2.00 2.00 2.00
Animal fat 4.00 4.00 4.00 4.00 4.00
Sucrose 1.00 1.00 1.00 1.00 1.00
DCP 1.15 1.15 1.15 1.15 1.15
Limestone 0.78 0.78 0.78 0.78 0.78
Zn0O 0.30 0.30 0.30 0.30 0.30
Vitamin premix’ 0.25 0.25 0.25 0.25 0.25
Trace mineral premix” 0.15 0.15 0.15 0.15 0.15
Salt 0.25 0.25 0.25 0.25 0.25
Acidifier 0.15 0.15 0.15 0.15 0.15
L-Lysine (78%) 0.44 0.44 0.44 0.44 0.44
DL-Methionine (98%) 0.13 0.13 0.13 0.13 0.13
L-Threonine (98%) 0.12 0.12 0.12 0.12 0.12
Choline chloride (50%) 0.10 0.10 0.10 0.10 0.10
Apramycin (10%) - 0.15 - - -
Lactobacillus - - 0.20 - -
e e om0
“Total 100.00  100.00  100.00  99.63.00 99.45.00
Chemical composition (%)
ME (kcal/kg) 3,370 3,370 3,370 3,370 3,370
Cp 21.70 21.70 21.70 21.70 21.70
Ca 0.77 0.77 0.77 0.77 0.77
Total P 0.60 0.60 0.60 0.60 0.60
Avail. P 0.36 0.36 0.36 0.36 0.36
Lysine 1.35 1.35 1.35 1.35 1.35
Met + Cys 0.73 0.73 0.73 0.73 0.73

" Supplied per kg diet: 9,600IU vitamin A, 1,800IU vitamin D3, 24mg vitamin E, 1.5mg vitamin
0.045mg vitamin Big,

Bi1, 12mg vitamin Bp, 2.4mg vitamin Bs,

1.5mg vitamin Ks, 24mg

pantothenic acid, 45mg niacin, 0.09mg biotin, 0.75mg folic acid, 18mg ethoxyquin.
® Supplied per kg diet: 162mg Fe, 96mg Cu, 72mg Zn, 46.49mg Mn, 0.9mg I, 0.9mg Co,

0.3mg Se.
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6) 723
D AFFE A dda 258

H AL Phase [¥ Phase [[2 Y] X35t o, Table 262 sty HElo|= A39]
TAA7F ol f A= dEFAFADG), dUAEAHAAZFADFD 2 A& F/Qd vA= 9
& yEkd Zlolth. Phase 914 @&+ fEto]= A3 90ppm wol7- tHETFINC)l H] 8k
ADG7F MAEE A7 YER o™ (p<0.05), FAAPC ) 2 AFAPC IDeeE F24<
2ol 7k YEfUAl ek tH(p>0.05). A3 wof ¢k A Folg-2ke] vlwAloll= A Fo T
7F A3 wolT7-ell H3] ADG 2 ADFIZF /A s = Aoz YEo ™ (p<0.05), A 3ol
ofo] Mo A= FY A<l 2ol 7t YERA] FttH(p>0.05). Phase HelA = 3A8A] Fo 57}
ADG 3 ADFIE 7B4dst= Ao =2 UethH(p<0.05). A3 90ppm thx7ol Hlste] ADG7F
MAdE = Aow e om(p<0.05), A L Al eke] Hlao| A= {22l fpol7} 1t
EfubA] Rk tH(p>0.05). A3 wol 7o Al Fof7-9ke] Hlalo A= A T 77t ADGE
MAdetes AoZ YeE o (p<0.05), BwAl Fol7-ok= FolAQl Aol7h yEhA ekttt
(p>0.05). AA7|IZre® & uf FAA Fo77F & ATl Hlel ADG % F/GE "M &
FH o g fAeE AoRE Ve THP>0.05).

Table 26. Effects of antimicrobial peptide (A3) supplementation on

growth performance in weanling pigs1

A3, ppm, % p—value
Item NC PCI PCI 60 80 SEM? A3 vs A3 vs
PC I PCII
Phase I (d 0714 )
ADG, g 220 242* 228> 295" 232®> 994 0.018  0.865
ADFI, g 337" 360" 347  344® 349" 12.14 0.031  0.958
F/G 1.54 149 152  1.53 1.51 0.05  0.428  0.869
Phase I (d 14728 )
ADG, g 342° 368" 350" 345 358" 2.83  0.027 0.860
ADFI, g 556" 579  564® 561" 568" 287  0.069  0.896
F/G 1.63 157 162 1.63 1.59 0.01  0.329 0.593
Overall (d 0728 )
ADG, g 281¢ 305 289"  285° 205" 2.18  0.003 0.817
ADFI, g 447 457 455 453 459 1.80  0.790  0.942
F/G 1.59°  1.50* 1.58" 159" 1.56° 0.01 0.008  0.884

dValues with different superscripts of the row significantly differ (p<0.05).
'NC: Negative Control, PC: Positive Control I (Antibiotics), PCII: Positive Control II

(Probiotics), A3: Antimicrobial peptide

2SEM: Standard error mean.

YEa 238 Ad A= Table 279 2tk Phase T4 & % e 23kgo]A
A3 90ppm FT7F thETel v S Ao YER oM (p<0.05), FAA 2 A 7
Fohi fe149l Aol7h GERIA ShSrtH(p>0.05). A3 FolTeh FAAl FolF7ke] w]aol A
= A 5T AE E 2dlE AslEo] A E AR YEFHYTHPK0.05). Phase 11
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M= FAA w7 vhE AR Ttell wiste] AEadtgo] =8 AR YERTH(p<0.05).
FAA, AdA R A3 7o) whE 37 o) ofu At Ashg ol A=(Table 28) A7t
o zkel7} vebA] 49k th(p>0.05).

Table 27. Effects of antimicrobial peptide (A3) supplementation on
nutrient digestibility (%) in weanling pigs'

A3, ppm, % p—value
2
Item NC PCI PCI 50 90 SEM A3 vs A3 vs
PC I PCII
d 14
DM 80.20° 82.26% 81.34" 80.47° 81.82" 0.21 0.028 0.725
CP 78.23° 80.52% 79.61*" 78.94™ 79.94*® 0.23 0.020 0.529
GE 81.71 82.84 82.23 81.92 82.09 0.34 0.466 0.855
Ash 43.26 46.62 45.95 4580 45.67  0.97 0.743 0.888
Ca 43.64 4756 45.06 45.12 46.20 1.01 0.560 0.858
P 37.36 38.81 37.77 37.82 38.21 0.94 0.689 0.924
d 28
DM 78.17° 81.33" 79.18™ 78.97" 79.74*>  0.29 0.004 0.772
CP 77.90 78.85 77.83 7756 7757  0.34 0.226 0.779
GE 78.39 80.54 79.09 7876 79.62  0.64 0.301 0.943
Ash 42.79 48.47 4350 43.97 4548  0.85 0.057 0.539
Ca 41.49 4154 41.81 40.63 39.72 0.75 0.495 0.446
P 35.46 37.88 36.33 36.70 36.58  0.85 0.571 0.900

dValues with different superscripts of the row significantly differ (p<0.05).

INC: Negative Control, PC: Positive Control 1 (Antibiotics), PCII: Positive Control II
(Probiotics), A3: Antimicrobial peptide

“SEM: Standard error mean.
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Table 28. Effects of antimicrobial
ileal digestibility (%) of amino acids in weanling pigs (d 28)*

peptide (A3) supplementation on apparent

A3, ppm, % p—value
Item NC PCI PCI 60 90 SEM® A3 vs A3 vs
PC1 PCII
Essential amino acid
Arg 78.70 79.62 79.17 79.06 79.31 0.47 0.689 0.990
His 71.23 71.84 71.06 71.44 71.22 0.63 0.777 0.889
Ile 69.70 70.59 70.73 69.72 69.57 0.47 0.324 0.417
Leu 73.17 74.03 73.68 73.25 73.38 0.44 0.545 0.770
Lys 67.36 68.79 68.27 68.16 68.58 0.60 0.721 0.922
Met 79.59 80.51 79.32 79.24 79.60 0.23 0.170 0.883
Phe 7273 73.64 73.84 73.02 74.14 0.44 0.947 0.819
Thr 63.99 65.03 64.41 64.19 64.11 0.47 0.519 0.853
Val 64.49 65.39 65.87 64.72 64.67 0.58 0.657 0.511
Non-essential amino acid
Ala 63.95 65.03 65.39 64.39 64.23 0.58 0.557 0.430
Asp 70.21 71.15 70.09 70.41 70.35 0.51 0.643 0.861
Cys 54.63 57.71 56.22 55.51 55.02 1.74 0.653 0.865
Glu 73.41 74.16 73.73 73.72 74.43 0.44 0.935 0.768
Gly 48.06 49.49 48.54 49.74 49.15 0.84 0.982 0.738
Ser 70.86 71.82 70.12 70.92 71.02 0.56 0.586 0.655
Tyr 7256 73.43 7245 7271 72.75 0.41 0.494 0.812

NC: Negative Control,
(Probiotics), A3:

“SEM: Standard error mean.

2) A=l

o X

PC: Positive Control 1
Antimicrobial peptide

Table 2994 = A3 % &AA| A7l wE o] F

o QAN A FATH F

(Antibiotics),

g B %

nAES] FAE
5 2 Coliforms X7} 7F8 @A YEFSTHp<0.05).

PCII: Positive Control 1I

LHERH L

A3 90ppm T+ tlETol vlE] Coliforms X7} ooz A YERS S (p<0.05),

FAA TG Ko Cohforms FX7F =A YEFSETHpP<0.05). 28 A ol =

A3 90ppm

A
H

of 7} thz2Tte w5t F #9 2 Coliforms X7} WA YES 1 (p<0.05), &AA 9]

7ol wle =

Coliforms+

A8
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Table 29. Effects of antimicrobial peptide (A3) on bacterial populations (Logio
CFU/g) in feces of weanling pigs'
A3, ppm, % p-value
tem NC PCI PCI 60 90 SEM? A3 vs A3 vs
PCI PCII
d 14
TAB® 8.87* 8.42° 8.73* 8.70 863" 0.06 0.144  0.579
Clostridium spp. 7.56 7.39 7.45 749 742 0.03 0.188  0.814
Coliforms 6.56" 6.12° 6.43" 6.41" 6.28° 0.04 0.001 0.271
d 28
TAB 8.78" 8.29° 8.62* 8.57" 837" 0.05 0.092  0.221
Clostridium spp. 7.51* 7.26° 7.37** 7.41* 7.32> 0.03 0.110  0.902
Coliforms 6.53*  6.04° 6.39" 6.37"" 6.27° 0.04 0.010 0.384

PV alues with different superscripts of the row significantly differ (p<0.05).

INC: Negative Control, PC: Positive Control I (Antibiotics), PCII: Positive Control II
(Probiotics), A3: Antimicrobial peptide

?SEMS Standard error mean.

*Total anaerobic bacteria

Table 30> FAAek A3 M7t mE ol fAk=e] g7 B e vA=@28d)ed mA=
UER AT Bl A3 90ppm wol= thEtel Blskel F 4, Clostridium
spp. B Coliforms A7} f+o]H o2 SA YeEbth(p<0.05). &4 R Al 5 o9}
Bl M fo]H 9l Apolzh LERAl FYTHp>0.05). WA AE YA FolTelA F o
%, Clostridium spp. 3 Coliforms 217} 7Hd 9HAl Yebst 9™ (p<0.05), A3 90pmm =]
T FoAQ Aol7t ERA tH(p>0.05). A3 FolTol e FAAl FoFelA F
4 % Coliforms 47} 24 o2 vhr) vhebe oM (p<0.05), WA T Tohe £24<9)
Aol 7} ERGA] $29ktH(p>0.05),

o] ko
&=

Table 30. Effects of antimicrobial peptide (A3) on bacterial populations (Logio
CFU/g) in ileal and cecal content of weanling pigs (d 28)
A3, ppm, % p-value
[tem NC PCI PCI 60 90 SEM? A3 vs A3 vs
PC I PCII
[leum
TAB?® 8.63" 8.23° 8.46° 843" 8.29™ 0.04 0.133 0.198
Clostridium spp. 7.36* 7.15° 7.30° 7.28° 7.16"> 0.03 0.419 0.384
Coliforms 6.42* 5.97° 6.25® 6.22° 6.09™ 0.04 0.076 0.208
Cecum
TAB 8.71* 8.26Y 853" 8.49™ 8.35“ 0.04 0.043 0.137
Clostridium spp. 7.50° 7.19% 7.32% 7.33% 7.24* 0.03 0.202 0.696
Coliforms 6.43* 6.98% 6.28" 6.24 6.12° 0.04 0.007 0.195

abedyalues with different superscripts of the row significantly differ (p<0.05).

INC: Negative Control, PC: Positive Control 1 (Antibiotics), PCII: Positive Control II
(Probiotics), A3: Antimicrobial peptide

’SEM: Standard error mean.

%Total anaerobic bacteria
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3) <% IgG, IgA ¥ IgM 5%

Table 312 @A R b FEL]=(A3)] wolol o7 olfAa=9 EF IgG, IgA R

IgM T=& ‘/‘rE}‘ﬂ Aotk 7zt Aol wE SAA FHQ0 Aole YERA] YA NH
(p>0.05), &+ FEFOI=(A3)9] H7tgTol =855 IgG, [gA ¥ [gM9] %7 =4 YES:
=8
Table 31. Effects of antimicrobial peptide (A3) on serum
immunoglobulins (mg/ml) of weanling pigs'
A3, ppm, % p—value
Item NC PCI PCI 50 90 SEM* A3 vs A3 vs
PC1 PCI
d 14
IgG 6.21 6.78 6.40 6.32 6.43 0.18 0.274 0.945
IgA 0.32 0.41 0.37 0.35 0.37 0.03 0.592 0.988
IgM 0.71 0.89 0.75 0.73 0.79 0.05 0.253 0.920
d 28
IgG 6.31 6.87 6.48 6.39 6.53 0.17 0.654 0.921
IgA 0.36 0.43 0.38 0.39 0.42 0.03 0.752 0.742
IgM 0.73 0.92 0.77 0.79 0.81 0.04 0.281 0.768

INC: Negative Control, PC: Positive Control 1 (Antibiotics), PCI: Positive Control I
(Probiotics), A3: Antimicrobial peptide
’SEM: Standard error mean.

4) A715A R 2] FH

o
T 2

A A eF dat PEro]=(A3) wodol WE A7l mAl= Gkl thste] FAFEES
tHTable 32). Zk A&+ F9 4 <l o]+ H ] Ak THp>0.05). T3 2 74 FE
(Aol x#, & 2 32l e (villus height, crypt depth 2 villus height:icrypt; Table
33l M = A7k Fo Al Zfol7b yEbA] 2 3k tk(p>0.05).

T
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Table 32. Effect of antimicrobial peptide (A3) on relative visceral organ
weights and length of intestine in weanling pigs (d 28)!
A3, ppm, % p—value
Item NC PCI PCI 60 90 SEM? A3 vs A3 vs
PC1 PCII

Organ weight, % of live weight
Heart 0.46 0.51 0.48 0.49 0.48 0.01 0.238 0.965
Liver 3.14 3.16 3.11 3.06 3.15 0.05 0.703  0.987
Lung 1.07 1.19 1.13 1.12 1.15 0.03 0.164 0.973
Kidney 0.24 0.26 0.23 0.22 0.27 0.01 0.584 0.402
Stomach 0.57 0.61 0.59 0.60 0.60 0.01 0.635 0.841
Small intestine 4.52 5.11 4.41 4.60 4.88 0.14 0.365 0.373
Large intestine 1.91 2.11 2.10 2.05 2.13 0.05 0.861 0.899
Length, cm
Small intestine 1420.35 1496.70 1433.38 1440.88 1456.00 11.94 0.068 0.525
Large intestine 338.88 361.38 349.50 339.00 359.50 &8.05 0.549 0.988

INC: Negative Control, PC: Positive Control I (Antibiotics),
(Probiotics), A3: Antimicrobial peptide
’SEM: Standard error mean.

PCI: Positive Control 1

Table 33. Effect of antimicrobial peptide (A3) supplementation on small
intestinal morphology in weanling pigs (d 28)*
A3, ppm, % p—value
Item NC PCI PCO o 90 SEM? A3 vs A3 vs
PCI PCI

Villus height, gm
Duodenum 495 547 551 533 553 9.53 0.863 0.714
Jejunum 544 601 508 576 595 14.13  0.524 0.226
[leum 433 446 428 491 427 10.73  0.706 0.391
Crypt depth, gm
Duodenum 346 309 341 328 313  10.69  0.582 0.464
Jejunum 353 312 361 349 337 7.72 0.103 0.285
[leum 288 248 267 252 231 8.42 0.781 0.264
VH/CD
Duodenum 1.49 1.78 1.66 1.65 1.78 0.06 0.606 0.781
Jejunum 1.55 1.96 1.42 1.66 1.77 0.08 0.288 0.116
[leum 1.52 1.84 1.61 1.98 1.91 0.08 0.679 0.187

INC: Negative Control, PC: Positive Control
(Probiotics), A3: Antimicrobial peptide
’SEM: Standard error mean.

(7) 8.9F

A39] H7lrEFEo] 1S wole 34

ato] mAES] A= A

[r
>

I (Antibiotics), PCI: Positive Control I
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3. SA At Wl A wiACA wigE Fa PEO)|= A3

i AEAH ARk Hw@
2 B9 4%, 9%L Lo, 239 FHSH B VXE Y

Fol et AT
(1) A755

Bl Al AN ke B fEl= A3 Fg AFAS WAz A8H
WA 2 GRSk MRE fste] §A2 ARAH S DA T

(2) TAE = 2 AEAE

JBI
\)
[}
3

2 Al 9131 RossE broiler(45£2.00g) 40055 FAIsF (53 2], 449H5 Wt
Starter(0 ~ 35)¢} Finisher(4 ~55)& % 5577 AFFAAS A8t A9 }E—t— A
Qe 278k Starter?t Finisher® iste] wofatlar, A& A RlaE 9
3t NC(negative control), PC I (positive Control : Antibiotics—Avilamycin, 0.05%), PC
[I(positive control: Probiotics— Lactobacillus, 0.2%), A3(Antimicrobial peptide A3
60ppm+ Lactobacillus,) 12]31 A3(Antimicrobial peptide A3 90ppm+ Lactobacillus)® 3}
Som, AR g = obefjel Zth(Table 35, 36).

(3) A&z

Broilers AF& 7122 dhe] 5ALR Ael G AU, WE G 2054 A w5
ok A AREAIZE BAGEFRA: 2mxemstglon et 9 .

Al dAsgen, A9s1 W AgAESE B AR AR 7]
2 el pael Fke] A s

A A He 2A] Askel AF S AWM, starterst finishers] FEA
of ZAsoM ARPAFS AF S AR FolBM AriFe] FAS SAHAL

FYn 23E5E ZHN) SISkl Bask AAA AHAFCrOs 0.25%) AR
§A717] slste] o717 32U Foleh 4 @A
ME 2o Ak 65T AxTolA 3UL AEAN F AT o] Gete] Baste] B4
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Arg35o T AlEA RS B AduA RS AOAC(1990)0] =dle] BAIE g om of ki
A T

FUdr 23R = {1-AFEF9 Crat&n X 3
(59 Crdsn < AFRF9 JdasE%))r <100

JANEES 72 A T8 A AHEERE 3FA(F 409) =F3Y AU EES A3 5o
-20C 9 WA A ®Hasdn e AFH7 27 B9 F dEAI ARE -8
0Ce YWsrHzx7](Samwon Inc., Korea)oll4] W&sAZXsdY. 7xH AEE 1lm screen

wiley mill2 F3g § ofn|=Aibs A8 A7HA] B R AT, 33 E=9 ofn w4t
BAo NEZ 24A7F =k 105Co|A 6N HCl X0z 7ppie] A7l & HPLC(Waters
486, USA)E Ab&3ste] EAstalom, shfsdolu|ieibS 24A13F &1F 7Fa38] A2 ¥ cold
performic acid& o & Ak} g]sle] £3589 tH(Moore, 1963).

>~

T H 2 ] e AAE ] A8 HEs d
el AEY 1mlE 9ml ANl 1% SNsigin. Y T F7] FHE
3 =

o
= -
of 4o EAL vty 29U IYAAT Ak staE FASY 2G4

T8 $18t

Azg 4N F dat= NS 1 miE AETAd EF8te] vt o] wf A&
8|4 o& peptone?} L-cysteineHCIS 77} 0.5%, 0.05%% 7t §4& ALE3IQTh #5
=4S 9% AEE wixe} il 2 Table 349 #ow, WAE T FFF (total

anaerobic bacterial counts), Clostridium spp. counts= Gas Pak Syste
o] 7| Ael 2 B3l 3L, Coliforms counts™ 7] AEl = vl & A
o] colony-forming unit (CFU)E AAF & logl0Co & 3hakalgct. wjokx
o5k,

pURIEURES

1o
-
rlr
N
o]

&
T

Table 34. Selection media and culturing condition for the enumeration of

microorganisms
Incubation
Item Medium Temperature
. Hour
(C)
Total anaerobic bacteria Tryptic soy agar' 37 48
Clostridium spp. TSC agar (anaerobic) 37 48
Coliforms Violet red bile agar 37 48

'Anaerobic : Gas pak anaerobic system (BBL).

4) = IgG, IgA 2 IgM &%

FA19 F 1gG, IgAst [gMe] ZF& FAs] 918 G719 fgueld s Ad & 24
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< =g Stk FEE g4 4 A7EA -20TAA BT F 1gG, 1gA%t M &
AA% HA 52 H (Enzyme-Linked ImmunoSorbent Assay, ELISA)S. 2 A5G +=d 23
ol = Chicken IgG ELISA Quantitation Kit (Bethyl, USA), Chicken IgA ELISA

Quantitation Kit(Bethyl, USA)¢} Chicken IgM ELISA Quantitation Kit(Bethyl, USA)E A}
L3191 450 nme] FF oA SAHSAT. F 1gG, [gA9t 1gM2] =42 96 well plate©l
Coating Buffer(0.056M Carbonate-bicarbonate, pH 9.6)¢} Goat anti-Chicken IgG
antibody, Goat anti—Chicken IgA antibody Goat anti-Chicken IgM antibodyES Z}Zt
1:1000.2 3A3 gANS 100 e T 37ColA 1A7F w3t & Wash Solution(50nM
Tris, 0.14M NaCl, 0.05% Tween 20, pH 8.0)2 o]&3te] 33 A& 3ttt Blocking
Solution (50nM Tris, 0.14M NaCl, 1% BSA, pH 8.0)= Z} welld 2004% Yil 37Tl A
307 vk 5 33 MAHsET AdA o sAME xFdAH A SAY dHS welldl 7
ZF 100pl? ¥ & 37TCoA 1AZF vt 3 53] A FEATE. Goat anti-Chicken
IgG-HRP conjugate antibody, Goat anti-Chicken IgA-HRP conjugate antibody®} Goat
anti—Chicken IgM-HRP conjugate antibodyE Conjugate Diluent(50nM Tris, 0.14M NaCl,
1% BSA, 0.05% Tween 20, pH 8.0)ol Z}z} 1:40,0003} 1:60,000, 1:40,000% 34135k -
welll  Z}zZF 100 W § 37ColA 1Az wjget $ 53] Axe & LA (TBM
solution)& 100x® EiL 37TColA 154&7F 3 AJZ1 & 2M HeSO4E ZH2F 1004 E o
S-S AR A T}, vkg-o] Ew plateE ELISA readerE ©]83}e] 450nmo] &F oA #
Alsteltt.

it Aetol= A39] Folrk BANHM aspiwe] wae] WAL G2 2 s
SAE W 7 aslRe FAS ' 8

6) 2% morphology

@it et A39] Folsk 23 FEel FehshH WEE A Astel 4 WA
B A APEE 85(E 4094 B4 & F APTARAEYE 49 semRe A5l
4952 AAF e 10% formalin Foo] FAskel A4ARI Ao R B WA 3F B
et

FE o]t g9 ZolE FAHS] Y3l 10% formalin £l HEIFO Wl AlgE
paraffin® & FIAZAIZl & 67| =2 Aekslo] azure A9 eosinel® AT A%
S5 408) wjEolA AARAW G oz SAHESHCera 5, 1988). §EEol9 Fepzloleo] H

& FAE o] AEshn,

(5) E;ﬂ B /\-]
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Table 35. Formula and chemical composition of experimental diets
(starer : 0~3 wk)

Item NC PC I PC I A3, ppm, %
60 90
Ingredients (%)
Corn 55.68 55.63 55.48 55.38 55.23
SBM (44 %) 26.19 26.19 26.19 26.19 26.19
Wheat 2.00 2.00 2.00 2.00 2.00
Corn gluten meal 7.00 7.00 7.00 7.00 7.00
Fish meal (55%) 2.00 2.00 2.00 2.00 2.00
Soy-oil 3.65 3.65 3.65 3.65 3.65
TCP 1.84 1.84 1.84 1.84 1.84
Limestone 0.75 0.75 0.75 0.75 0.75
Salt 0.30 0.30 0.30 0.30 0.30
L-Lysine (78%) 0.11 0.11 0.11 0.11 0.11
DL-Methionine (50%) 0.18 0.18 0.18 0.18 0.18
Choline chloride (50%) 0.10 0.10 0.10 0.10 0.10
Vitamin premix’ 0.10 0.10 0.10 0.10 0.10
Trace mineral premix® 0.10 0.10 0.10 0.10 0.10
Avilamycin (20ppm) - 0.05 - - -
Lactobacillus - - 0.20 - -
Antimicrobial peptide
- - - 0.30 0.45
O R L e
Total 100.00 100.00 100.00 99.7.00  99.55.00
Chemical composition (%)
ME (kcal/kg) 3,200 3,200 3,200 3,200 3,200
CP 22.00 22.00 22.00 22.00 22.00
Ca 1.00 1.00 1.00 1.00 1.00
Avail. P 0.45 0.45 0.45 0.45 0.45
Lysine 1.10 1.10 1.10 1.10 1.10
Methionine 0.50 0.50 0.50 0.50 0.50
Met + Cys 0.88 0.88 0.88 0.88 0.88

1Supplied per kg diet : 10,000IU Vit A, 2,500IU Vit Ds 50IU Vit E, 1.5mg Vit K3 1.5mg Vit
Bi, bmg Vit Bz, 3mg Vit Bg, 0.025mg Vit Bz, 15mg Pantothenic Acid, 35mg Niacin, 0.15mg
Biotin, 1mg Folic Acid, 6mg Ethoxyquin.

2Supplied per kg diet : 45mg Fe, 4.25mg Cu, 65mg Zn, 72.5mg Mn, 0.2mg Co, 0.bmg I,
0.15mg Se, 0.5mg Mo, 0.15mg Cr.
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Table 36. Formula and chemical composition of experimental diets
(finisher: 4~5 wk)

Item NC PC 1 PC I A3, ppm, %
60 90
Ingredients (%)
Corn 58.34 58.29 58.14 58.04 57.89
SBM (44%) 21.43 21.43 21.43 21.43 21.43
Wheat 5.00 5.00 5.00 5.00 5.00
Corn gluten meal 8.00 8.00 3.00 8.00 8.00
Animal fat 3.86 3.86 3.86 3.86 3.86
TCP 1.66 1.66 1.66 1.66 1.66
Limestone 0.75 0.75 0.75 0.75 0.75
Salt 0.30 0.30 0.30 0.30 0.30
L-Lysine (78%) 0.22 0.22 0.22 0.22 0.22
DL-Methionine (50%) 0.03 0.03 0.03 0.03 0.03
Choline chloride (25%) 0.13 0.13 0.13 0.13 0.13
Vitamin premix’ 0.13 0.13 0.13 0.13 0.13
Trace mineral premix” 0.15 0.15 0.15 0.15 0.15
Avilamycin (20ppm) - 0.05 - - -
Lactobacillus - - 0.20 - -
Antimicrobial peptide(typeIl) - - - 0.30 0.45
“Total 100.00 10000 100.00  99.7.00 99.55.00

Chemical composition (%)
ME (kcal/kg) 3,200 3,200 3,200 3,200 3,200
CP 20.00 20.10 20.10 20.10 20.10
Ca 0.90 0.90 0.90 0.90 0.90
Avail. P 0.40 0.40 0.40 0.40 0.40
Lysine 1.00 1.00 1.00 1.00 1.00
Methionine 0.39 0.38 0.38 0.38 0.38
Met + Cys 0.68 0.72 0.72 0.72 0.72

'Supplied per kg diet : 10,000IU Vit A, 2,500IU Vit D3 50IU Vit E, 1.bmg Vit K3 1.5mg Vit
B1, bmg Vit Bz, 3mg Vit Bg, 0.025mg Vit Bie, 15mg Pantothenic Acid, 35mg Niacin, 0.15mg
Biotin, 1mg Folic Acid, 6mg Ethoxyquin.

“Supplied per kg diet : 45mg Fe, 4.25mg Cu, 65mg Zn, 72.5mg Mn, 0.2mg Co, 0.5mg I,
0.15mg Se, 0.5mg Mo, 0.15mg Cr.
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6) A72%
D AFHAT GFn 258

B A18e Stater$ Finisher® Uiro] A adslgl o Ak Aol Ayl Table 373 7t
Starter 7|%tell= A Fof7F thE A Ftol Hlste] FA|F(weight gain), AFEAHFHF
(feed intake), ¥ A2 Q2T E(FCR)o] /A& += Ao = YEFYTE A3 90ppm w9192 H]
WA M= oA ZFoli= e U THp>0.05). A3 wol 79 A FofTtete] HlaLd
M JAA FodTr A 2 ARRAFATCAA AdEE Aoz YERTH(p<0.05).
Finisher 7|%telli= A3 wol79F A w79k vl FAA FoA7F SA=F 7Hadel
o &3AQl Ao Yebst o™ (p<0.05), Al Folg-oke] vl = FoA <l Aol 7t v
EbubA] 22 dth(p>0.05). AA7IZte 2 B wl A3 90ppm HoTE thEel Hlste] S 2
AR QTEo] JAEE Ao ® YEFSTHP<0.05). A3 Fol el dAA]l Fol ekl walel A
= A FoATolA FAFe] MAEE 23S HERHJATHP<0.05). A3t B Al wol ek
o] mlalo A= Fo A el Zpol 7k yrERUA] 2R % TH(p>0.05).

Table 37. Effects of antimicrobial peptide (A3) supplementation on growth

performance in broilers’

A3, ppm, % p-value
Item NC PCI PCIO 60 90 SEM? A3 vs A3 vs
PC 1 PCII

Starter (0~ 3 wk)

Weight gain, g 693  732* 714" 704°¢ 722" 359 0.021  0.881
Feed intake, g  1114" 1143* 1130*™ 1123® 1136 4.05 0.029  0.955
FCR 1.61* 1.56” 1.58® 1.60" 157" 0.01 0.074 0.874
Finisher (375 wk)

Weight gain, g  1077° 1153" 1107** 1088" 1121"" 8.49 0.040  0.875
Feed intake, g 2013 2075 2063 2010 2048 12.82 0.293  0.259
FCR 1.87* 1.80° 1.86™ 1.85* 1.83" 0.01 0.189  0.232
Overall (075 wk)

Weight gain, g 1855% 1973% 1909 1878 1931** 11.05 0.015  0.851
Feed intake, g 3136 3232 3208 3145 3195 14.82 0.174  0.237

FCR 1.69° 1.64° 1.68" 1.67 1.66™ 0.01 0.067  0.260
®edyalues with different superscripts of the row significantly differ (p<0.05).

INC: Negative Control, PC: Positive Control I (Antibiotics), PCII: Positive Control II
(Probiotics), A3: Antimicrobial peptide

*SEM: Standard error mean.

Table 382 &3t FEo]= A3 woldl 93t FA < ¢ Ashgdl WA= G
Zlolt}, Starter 7|Ztell= Als W AAAY H7b= ‘4% ﬂﬂ?"ﬂ Higto] A& Zddd g
oAl AstES MAHste ALSE YEFHTHP<0.05). A3 90ppm wo7& thxTol H|std
A= astES JiAdske Ae® YEs o™ (p<0.05), FAA wo -2k vl A= {94
¢l zpol7F “rERA] @ SkTH(p>0.05). A3 w78k FA8A Fol7-E vlwdd o) FAA T
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7b A3 wol Tt Hlste] dE 9 Zawde] AsES NAsEE AoZ e THp<0.05). A
A wolgeke] Hlaol A= Fol el Aol 7t YEhAl &3k tH(p>0.05). Finisher 7]%tol+=
A3 90ppm w7} dlzFe Hlste] ZdulE AgtEoA 2 Fo® UERTHPK0.05).
A3 oot FAA FolTe vlwA] FAA| Fol 7 A3 wolTtel Hlste] dE E Uy
A 23hgo] = UERSTHPK0.05). Table 395 S7A19 3 doln| Ak 43142 YeEld 7o
= A 2 A3 HIb o2 AT f9 41 Apol= vERA] 2 ttH(p>0.05).

Table 38. Effects of antimicrobial peptide (A3) supplementation on
nutrient digestibility (%) in broilers’

A3, ppm, % p-value

tem NC PCI  PCI 60 90 SEM®* A3 vs A3 vs
PC1 PCII

Starter (0~ 3 wk)
DM 74.49° 78.81* 76.09™ 75.38™ 77.10® 0.43  0.022  0.867
Ccp 65.95" 71.20° 67.77° 66.35" 68.18" 0.58  0.021  0.679
GE 75.41°  78.49* 77.37* 76.73" 77.65" 0.41 0.234  0.872
Ash 40.25 43.49 41.19 4154 41.45 0.48  0.115  0.804
Ca 38.21 4228 40.79 39.78 40.18 0.60  0.191  0.622
P 37.69 40.58 3859 39.80 40.91 0.64  0.903  0.298

Finisher (375 wk)
DM 71.87° 74.14% 72.32%" 72.51" 72.81" 0.30 0.030  0.606
CP 64.81° 70.31* 65.33"™ 65.58™ 68.10° 0.60  0.021  0.269
GE 73.55 7511 74.41 74.15 74.37 0.31  0.345  0.846
Ash 39.78 41.67 41.09 39.97 40.91 0.83  0.547  0.783
Ca 36.16 3899 37.32 36.26 38.15 048  0.149  0.939
P 34.77 37.04 3552 36.17 36.94 054  0.760  0.455

abc

Values with different superscripts of the row significantly differ (p<0.05).

INC: Negative Control, PC: Positive Control I (Antibiotics), PCII: Positive Control 1
(Probiotics), A3: Antimicrobial peptide

*SEM: Standard error mean.
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Table 39. Effects of antimicrobial peptide (A3) supplementation on
apparent ileal digestibility (%) of amino acids in broilers' (d 35)

A3, ppm, % P-value
Ttem NC PCI PCI 60 90 SEM®* A3 vs A3 vs
PC1I PCII
Essential amino acid
Arg 64.85 68.35 65.67 65.51 67.27 0.69 0.288 0.663
His 62.66 64.62 64.08 63.46 64.82 0.70 0.752 0.975
Ile 64.63 66.32 65.33 66.45 66.28 0.51 0.969 0.441
Leu 69.77 7254 71.96 71.59 72.73 0.71 0.847 0.917
Lys 70.30 74.43 72.76 70.88  73.01 0.91 0.306 0.754
Met 74.19 7582 75.41 75.46 75.39 0.74 0.858 0.994
Phe 63.52 64.16 64.57 64.50 65.74 0.57 0.585 0.745
Thr 49.16 49.77 49.54 48.49  49.16 0.46 0.485 0.587
Val 52.44 54.81 51.83 53.37 53.93 0.54 0.433 0.227
Non-essential amino acid
Ala 57.38 58.88 57.68 56.85  58.59 0.52 0.401 0.982
Asp 53.77 5591 53.06 54.76 54.25 0.66 0.511 0.422
Cys 52.17 54.42 53.77 52.37  54.38 0.53 0.522 0.783
Glu 70.73  72.18 71.04 71.77  71.86 0.48 0.774 0.571
Gly 47.49 4788 47.68 4758  47.83 0.51 0.920 0.992
Ser 60.97 62.09 61.38 61.16 62.96 0.69 0.983 0.723
Tyr 54.15 54.30 53.78 54.89 54.21 0.56 0.889 0.649

'NC: Negative Control, PC: Positive Control 1 (Antibiotics), PCII: Positive Control II
r(Probiotics), A3: Antimicrobial peptide
“SEM: Standard error mean.

e I S
it Aol A3 olol @ ¥ F AR $AS Table 109 2o 2109 F 4

o= 2 A7k Aoz yERR] ko v (p>0.05), Clostridium spp.™2 Cohforms I
A= FAA Folgel FeHom B UEbdth(p<0.05). A3 90ppm ol 7ok Al H
of 7ok Ml M= Clostridium spp. TANAE Y40 Zol7b YEbbA] gatot
(p>0.05), Coliforms A= A Fo77F 65 &34QA oz Yebsth(p<0.05). A3
wol 7ol A FoFeY vlue| A= E coli A7 FAA wolFelA FelHer WA
Wb 0 (p<0.05), AwAl FoTreke] Hlaol M= FoAQl bol7b uERbA] %%k
(p>0.05). 354 A= A3 90ppm T T+7F =0 w|Ete] F #95, Clostridium spp. 2
Coliforms 2|7} WAl YEF oW (p<0.05), FABA] Fo7-¢ke] o A% #2912l zfo] 7}k
WERA] & TH(p>0.05). A3 w7t A Fol -9 HlwA] FAA Fod7F T dg B
Coliforms F%|7} SA UEFHTHp<0.05). AtA Fol-<ke] vlao A= xfo]7} ‘Siﬂu]r
(p>0.05).
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Table 40. Effects of antimicrobial peptide (A3) on bacterial populations (Log1o
CFU/g) in excreta of broilers'

A3, ppm, % p—value
Item NC PCI PCI 60 90 SEM? A3 vs A3 vs
PC I PCI
d 21
TAB? 836 8.17 827 831 824 0.04 0.291 0.960
S]ff“”dmm 734% 713 7.26% 7.4 7.18* 002 0132  0.214
Coliforms 6.61° 6.33° 6.51" 6.54®® 6.45°  0.02 0.001 0.595
d 35
TAB 8.42* 8.07° 829" 827" 821> 0.03 0.010 0.285
Sg;“md]”m 731° 709" 7.21® 7.19® 715 002 0281  0.323
Coliforms 6.51*° 6.12° 6.31° 6.36° 6.24°  0.03 0.018 0.984

PcValues with different superscripts of the row significantly differ (p<0.05).

INC: Negative Control, PC: Positive Control I (Antibiotics), PCII: Positive Control 1I
(Probiotics), A3: Antimicrobial peptide

?SEMI Standard error mean.

%Total anaerobic bacteria

Table 41 Ao &FAA 2 &3t FElo] =(typel)] Fofol W 373 2 W W 74
EB5Y)S HE Aolth. 7 W mAEolA typell 90ppm H7bE xRl H|sho
Clostridium spp. 2 Coliforms X o)A o8 oz A Yeldth(p<0.05) A H7H
sko] HlaLe A= Coliforms F27F oA o2 A Wbt o™ (p<0.05), oAl H7F-2ke]
Hl Lo A= zpo]7F YAl A tH(p>0.05). B W "= FA8A H7H7F o J7H
ol WalA F T, Clostridium spp.2 Coliforms X7} 7% @A e tHp<0.05).
Typell Ao FAA H7bg-¢ko] vlaeA = 384 H7F7F ColiformsE & Alsk=T
U5 2342 Ao 2 Y THp<0.05).
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Table 41. Effects of antimicrobial peptide (A3) on Dbacterial populations
(Logio CFU/g) in ileal and cecal content of broilers (d 35)*

A3, ppm, % p—value
Item NC PCI PCI 60 90 SEM? A3 vs A3vs
PC 1 PCII
[leum
TAB? 821 803 820 816 815 0.03 0.159 0.474
Clostridium spp. 7.23* 7.04" 7.13® 7.10® 7.08" 0.02 0.406 0.405
Coliforms 6.41° 5.92° 6.20" 6.22° 6.13> 0.04 0.001 0.703
Cecum
TAB 8.37* 8.06" 8.25® 823" 817" 0.04 0.102 0.567
Clostridium spp. 7.27* 7.06° 7.15* 7.14* 7.12* 0.03  0.506 0.732
Coliforms 6.45* 6.09° 6.29" 6.33" 6.19™ 0.03 0.016 0.675

PV alues with different superscripts of the row significantly differ (p<0.05).

INC: Negative Control, PC: Positive Control I (Antibiotics), PCII: Positive Control II
(Probiotics), A3: Antimicrobial peptide

?SEMS Standard error mean.

*Total anaerobic bacteria

3) 8% IgG, IgA 2 IgM &%=

Table 42t @AA % @i Aefo|= A3l Folol ol@t 7o PF IgG, lgA % [gM &
2 e olth 74 Aelel mE BAE §o12Q) Feli e LARp>0.05), 3

== &
i el = AZe] H7HREe] ¥&4F G, lgA % IgMe] ¥ ¥A vhebut,
Table 42. Effects of antimicrobial peptide (A3) on serum
immunoglobulins (mg/dl) of broilers'
A3, ppm, % P-value
Item NC PCI PCIO 50 90 SEM* A3 vs A3 vs
PCI PCI
d 21
IgG 284.94 310.51 302.33 297.73 304.83 15.15 0.750 0.977
IgA 31.40 38.81 32.48 32.61 33.04 1.84 0.178 0.934
IgM 67.11 73.32 70.31 69.74 71.80 1.99 0.560 0.946
d 35
IgG 283.04 314.36 302.60 295.58 308.29 14.33 0.588 0.988
IgA 30.59 39.58 31.55 31.49 33.23 1.57 0.075 0.846
IgM 65.01 71.02 6825 67.80 68.79 1.53 0.488 0.922

INC: Negative Control, PC: Positive Control 1 (Antibiotics), PCII: Positive Control II
r(Probiotics), A3: Antimicrobial peptide
“SEM: Standard error mean.

4) 715, =A9E R 2% I

Fo7k S EAGE % GIRAl vAE JF e

Table 432 & A3
T w2 o)A Aol 7k YEA] U tHp>0.05). 3 o] 9} H]

H(EB5) Folnh. 7+ A

=Y
re
o =
-
[H
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St A2 4ol ZF RE(A o)A
(crypt depth, CD), & Zo]
Elo]= A3 7}l uwpE

g O M)

A @ 314 o g2 Zdo|(villus height, VH), §9}=

gokszele HEH(VH/CD)E =AM 23 &84 2
Hp>0.05).

A rre] ek e g

}

Table 43. Effect of antimicrobial peptide (A3) on carcass traits relative
visceral organ weights and intestinal length in broilers (d 35)!
A3, ppm, % p—value
Item NC PCI PCO o 90 SEM® A3 vs A3 vs
PC1 PCII

Carcass traits, % of live weight
Dress 59.12 60.15 59.35 59.39 59.90 0.77 0.781 0.891
Breast muscle 14.24 14.67 14.56 14.54 14.63 0.39 0.892 0.957
Abdominal fat 1.14 1.11 1.10 1.13 1.09 0.06 0.955 0.966
Organ weight, % of live weight
Heart 0.53 052 052 0.55 0.54 0.01 0.277 0.400
Liver 2.30 253 267 271 2.66 0.10 0.430 0.960
Proventriculus 0.42 041 042 044 0.43 0.01 .0529 0.652
Stomach 1.63 1.74 161 1.66 1.70 0.05 0.710 0.533
Small intestine 3.15 3.19 3.04 3.17 3.16 0.08 0.945 0.582
Large intestine 0.57 0.61 0.51 0.53 0.59 0.02 0.404 0.420
Length, cm
Small intestine 168'5 175'7 1658'7 168.50 173.50 2.67 0.462 0.802
Large intestine 29.75 29.00 27.25 27.50 29.75 0.45 0.721 0.255

INC: Negative Control, PC1: Positive Control I
(Probiotics), A3: Antimicrobial peptide

2SEM: Standard error mean.
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Table 44. Effect of antimicrobial peptide(A3) supplementation on small

intestinal morphology in broilers (d 35)*

A3, ppm, % p—value
Item NC PCI PCH 90 SEM® A3 vs A3 vs
PC1I PCII
Villus height, um
Duodenum 1635 1711 1677 1656 1696  25.63 0.647 0.989
Jejunum 1117 1195 1166 1135 1183  31.66 0.704 0.947
[leum 509 616 536 550 594 18.20 0.263 0.456
Crypt depth, gm
Duodenum 448 443 450 462 473 17.71 0.603 0.713
Jejunum 364 354 382 375 350 13.72 0.825 0.608
[leum 233 230 236 225 227 7.89 0.864 0.651
VH/CD
Duodenum 3.80 4.03 3.90 3.68 3.59 0.17 0.370 0.662
Jejunum 3.18 347 3.23 3.10 3.42 0.16 0.605 0.957
[leum 2.18 283 2.36 2.46 2.69 0.14 0.556 0.561

'NC: Negative Control, PCI: Positive Control I (Antibiotics), PCII: Positive Control II
'(Probiotics), A3: Antimicrobial peptide
’SEM: Standard error mean.

L A=Ata W AA wjx oA e FIHere|=(P5, A3) & BAe FAA e vjw
E T8 AR, 9%x 238, 27 FHTF 22 uA e I AT AT

(1) I+534

= Aol Ms A wAel A wigE et FEre]=(P5, A3) Sy A Aok WA= ARE
1 A B2 Ak HuE Asto] olFAEo® AMFEAS AR

(2) FANFTE 2 AIFAIR

AbAlE S 93] o] A= (LandraceXYorkshirexDuroc, 18+1¥9 %, 5.74+0.02kg) 3005
& TAIete] A3 AlFol| whel 53] 4RbERHE F 15F)02 A wi x|t AlE
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7122 phase 1(0725)3 phase N(374F)& Uro] F 45(28Y)3F A AE%oH phase
13 I9 ARARE S5r-oRue fFE wgsgon APWEE NC(egative
control), PC I (positive control : Antibiotics—chlortetracycline 100g/kg+ sulfathiazole
100g/kg+ penicillin  50g/kg, 0.1%), PC Il(positive control: Probiotics-Lactobacillus,
0.2%), A3(Antimicrobial peptide A3 90ppm+ Lactobacillus) 2|3l P5(Antimicrobial
peptide P5 60ppm+ Lactobacillus)® 3kttt Al RS YA 52 NRC(1998)0l A
AANE g2 87HS FHFAY 2ot s visstadti(Table 463} 47).

(3) AtFa=

NPFES AT 4 7FoR 5AER AYg 49kE dEg 15
wteh v A skl AT 3

e A4 Agem sk Fg kRS QA AHeEA ekt
(4) 2=

1) AFFAE A
AL 7} dAe](Phase I, II) 7WA9F F =59
A 2HE Al ZEe] FAE

ATk AFEAIFHAA Dol ATy AEAAFeRE dISAHF(Average daily gain,
ADG), dAAEAFH = (Average daily feed intake, ADFI) 181l A2 218 (F/G)S 4H&35)

|\t
ol
ol
Ok
N
Ho
ol
o
&
ﬁ
off Ly
e
o
>,
|l
©
offt
o

o E43} AAA|Ql AFs A E(Cre03, 0.25%)S Al SAF=
Aol AN 7171 Yate] 5d3ke] ALty 3U7re] A

A7tstel wofsielon Wste 27 2
71 TR 4 dAME R &5 AFske] 65T AxTIdA 3d3F HEAR F EAVI=
wste] EAAER ARESIAT AlFALE S Eo] ik AOAC(1990)e F=she] #4135}
gon Gda LsHEE vl At oste] Fakint
FFa 23R = {1-(AE2Fe] Crad@dr < 2359 FEaedZn)/
(59 Crd®dn x AHRTo] JFLaTdZFR)r <100

SIFNEES AFEFTE Al AHEERE AFAF 207) =531 FHEES AF st -2
0Ce Wiae FA BZasiglth sgUeEe] AFHA 7 9 & YA Al8E5 -80T
o] YsHZx7](Samwon Inc., Korea)oll ] W& AZxsch AxH AJE+ 1mn screen wiley
ok U E=2] ofn| At 4
171 % HPLC(Waters 486,

7dEEs] A7l 3 cold

mill2 F3 3 opp| by FA8h] A7 W Hasksl
& MRS 2443 F<)t 105TelA 6N HCl &eo2 7h4=a]

[
USME ARgstel wAstglon, @faoir|mite

>

Do
o~
>
Y
off
rO
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performic acid& N o =2 A3}t 2 g3te] £33t (Moore, 1963).
3) AR T AE

TR 2 T Vs AARE 7] s AlES 5g¥ AHFSke] 46ml B el Yal

)
A 12 dErels wrEo] dEY ImlE 9ml A e A% 3| eqint. 31X F @7 AHE
fFrAe7] flaete] s|AN mWS St o dE FAHYSglal A4 VbR FXlsk AE ekt
Azxd AN F dt= FJANE 1 mlE AEZHA EF3te] wjFstsitt. o] of AR&-gh
s Ne peptone?} L-cysteine:HClIS 22 0.5%, 0.05%% #7135k £8S ALEs1H Y. 5
4% 9%k AES w9t Wl A2 Table 303 oW, vAE T FHF (total

anaerobic bacterial counts), clostridium spp. countss Gas Pak System (BBL)S /\}%5}
of H7|AEE vloFsE AL, coliforms countsy® 7] AEE vjst & A9 4= ZF plate
9] colony-forming unit (CFU)Z A4F % loglOo 2 3hAsEIT). vz ALS 37T, 48417k
o] AT,

Table 45. Selection media and culturing condition for the enumeration of

microorganisms
Incubation
[tem Medium Temperature
. Hour
(C)
Total anaerobic bacteria Tryptic soy agar' 37 48
Clostridium spp. TSC agar (anaerobic)! 37 48
coliforms Violet red bile agar 37 48

"Anaerobic : Gas pak anaerobic system (BBL).

4) = 1gG, IgA 9 IgM 5%

A=l T 1gG, 1gASt IgMe] ¥s SASH] fa A= dAMoA dAs AE 5 dF
=] etk EelE g2 A [A7MA] -20TCAA BAskih. F 1gG, 1gA9) [gM2 &
Agt M &2 (Enzyme-Linked ImmunoSorbent Assay, ELISA)S. & ZSAsI =4 Ald
o= Pig IgG ELISA Quantitation Kit(Bethyl, USA), Pig IgA ELISA Quantitation
Kit(Bethyl, USA)¢} Pig IgM ELISA Quantitation Kit(Bethyl, USA)E AF&3}% 3 450 nm
o] EFZFwoA =AY F IgG, gAY 1gMe =AHE 96 well plateo] Coating
Buffer(0.05M Carbonate-bicarbonate, pH 9.6)2} Goat anti-Pig IgG antibody, Goat
anti-Pig IgA antibody, Goat anti-Pig IgM antibodyS 2z} 1:10020.2 3A sk g5 100
WA g 37TCAA 1A vt & Wash Solution(50nM Tris, 0.14M NaCl, 0.05%
Tween 20, pH 8.0)2 o|&3slo] 33 A #H3}3T). Blocking Solution (50nM Tr1s 0.14M
NaCl, 1% BSA, pH 8.0)& 7} welld 2002 @i 37TCelA 307t vt Sﬂ A= &t
ok Ada o=z sAs A A= dAHS welldl 2 100 €2 F 37TolA

IAIZE wfekst & 53] AMA3 YT Goat anti-Pig IgG-HRP conjugate antibody, Goat

B~ o
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anti—-Pig [gA-HRP conjugate antibody®} Goat anti-Pig IgM-HRP conjugate antibodyZ
Conjugate Diluent(50nM Tris, 0.14M NaCl, 1% BSA, 0.05% Tween 20, pH 8.0)9 Z}z}
1:100, OOOJ"Jr 1:50,000, 1:100,000= 3Ast & welloll Z}zF 1002 Y2 $ 37TColA 14
2r wjeksk & 53] AlF3 F A (TBM solution)E 100404 @il 37ColA 1587 w-$
A7 F oM HS0.E 77 10044 9ol whee FANATH whgo] vk plate® ELISA
readerE ©]83}lo] 450nme] F3F =04 F2A35 T

FEAE =5, AB)e] FoI7h asy)He] e MAE 4L 24 el 4 &
7)o TAE SR ARER A 24 AQER 4T £Hske] 4 ssrlwe] AAT
AE ZAsn NEES AT 5 vhe Sdow 278 gloln W 23 FAE 3983
o}

6) 2% morphology

lo
ot

Gl =(P5, A39] Hol7l & W 5o FEishd ¥as aEsty] flete] Ad &
Al AR 47 (F 2098 =4 3 5 IEd
=

A2 AFT S 10% formalin £ HA|sle] A0 7d oz #zher wj7x] JAk

R DA<

paraffin® = JIAHAIZ] & 6maA7]Z2 ATEsto] azure A9} eosinelZ GAsISITE A%
S5 40v) v ol AxAn G o R FAHEHHCera &, 1988). §E=ol9 g9tz
2 F TAE o] AkEslth

S =ol9} g9 ZolE FA357] skl 10% formalin &0 HEFHO AW A|8E
A

o
o
o

(5) EAEH

A7getslet. Fetol=9F FAA, FEol = AAe]l Wit ¥+ Independent-Sample
T-TestE ©]-&3te] AASFAT.
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Table 46. Ingredient and

chemical composition of experimental diets(d 0~14)

Item’ NC PC 1 PC I P5 A3
Ingredients (%)
Corn (EP) 22.24 22.09 22.04 21.87 21.69
Corn Starch 8.00 8.00 8.00 8.00 8.00
SBM (dehulled) 12.11 12.11 12.11 12.11 12.11
S.P.C 8.00 8.00 8.00 8.00 8.00
Fish meal 2.00 2.00 2.00 2.00 2.00
Whey powder 15.00 15.00 15.00 15.00 15.00
Lactose 11.00 11.00 11.00 11.00 11.00
W.P.C 6.00 6.00 6.00 6.00 6.00
SDPP 4.50 4.50 4.50 4.50 4.50
Soy oil 4.50 4.50 4.50 4.50 4.50
Sucrose 3.00 3.00 3.00 3.00 3.00
MCP 0.96 0.96 0.96 0.96 0.96
Limestone 0.83 0.83 0.83 0.83 0.83
Zn0 0.30 0.30 0.30 0.30 0.30
Vitamin premix” 0.25 0.25 0.25 0.25 0.25
Mineral premix” 0.15 0.15 0.15 0.15 0.15
Salt 0.20 0.20 0.20 0.20 0.20
Acidifier 0.20 0.20 0.20 0.20 0.20
L~Lysine (78%) 0.38 0.38 0.38 0.38 0.38
p.~Methionine (98%) 0.15 0.15 0.15 0.15 0.15
.~ Threonine (98%) 0.13 0.13 0.13 0.13 0.13
Choline chloride (25%) 0.10 0.10 0.10 0.10 0.10
Ccsp! - 0.10 - - -
Lactobacillus - - 0.2 - -
..Antimicrobial Peptide . e e SO <=L L B
Total 100.00  100.00  100.00  100.00  100.00
Chemical composition (%)
ME, kcal/kg 3,410 3,410 3,410 3,410 3,410
CP, 22.84 22.84 22.84 22.84 22.84
Ca 0.80 0.80 0.80 0.80 0.80
Av. P 0.48 0.48 0.48 0.48 0.48
Lys 1.55 1.55 1.55 1.55 1.55
TSAA 0.83 0.83 0.83 0.83 0.83

! NC: Negative Control, PC1: Positive Control I (Antibiotics), PCII: Positive Control TI
) (Probiotics), P5, A3: Antimicrobial peptide
Supplied per kg diet: 9,600IU vitamin A, 1,800IU vitamin D3, 24mg vitamin E, 1.5mg vitamin

Bi, 12mg vitamin By,

2.4mg vitamin Bg, 0.045mg vitamin B,

) pantothenic acid, 45mg niacin, 0.09mg biotin, 0.75mg folic acid, 18mg ethoxyquin.
° Supplied per kg diet: 162mg Fe, 96mg Cu, 72mg Zn, 46.49mg Mn, 0.9mg I, 0.9mg Co,

0.3mg S

* Chlortetracycline 100g/kg+ sulfathiazole 100g/kg+ penicillin 50g/kg
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Table 47. Formula and chemical composition of experimental diets (d 14~28)

[tem' NC PC 1 PC II P5 A3
Ingredients (%)
Corn 34.08 33.93 33.88 33.71 33.53
SBM (44%) 19.10 19.10 19.10 19.10 19.10
Corn (EP) 14.00 14.00 14.00 14.00 14.00
SBM (dehulled) 15.00 15.00 15.00 15.00 15.00
Whey powder 7.00 7.00 7.00 7.00 7.00
Fish meal 2.00 2.00 2.00 2.00 2.00
Animal fat 4.00 4.00 4.00 4.00 4.00
Sucrose 1.00 1.00 1.00 1.00 1.00
DCP 1.15 1.15 1.15 1.15 1.15
Limestone 0.78 0.78 0.78 0.78 0.78
ZnO 0.30 0.30 0.30 0.30 0.30
Vitamin premix” 0.25 0.25 0.25 0.25 0.25
Mineral premix3 0.15 0.15 0.15 0.15 0.15
Salt 0.25 0.25 0.25 0.25 0.25
Acidifier 0.15 0.15 0.15 0.15 0.15
.~Lysine (78%) 0.44 0.44 0.44 0.44 0.44
pL.—Methionine (98%) 0.13 0.13 0.13 0.13 0.13
.~ Threonine (98%) 0.12 0.12 0.12 0.12 0.12
Choline chloride (25%) 0.10 0.10 0.10 0.10 0.10
Csp! - 0.10 - - -
Lactobacillus - - 0.20 - -

...Antimicrobial Peptide R R 0.37 e 0.5 .

Total 100.00 100.00 100.00 100.00 100.00
Chemical composition (%)
ME kcal/kg 3,370 3,370 3,370 3,370 3,370
CP 21.70 21.70 21.70 21.70 21.70
Ca 0.77 0.77 0.77 0.77 0.77
Av. P 0.36 0.36 0.36 0.36 0.36
Lys 1.35 1.35 1.35 1.35 1.35
TSAA 0.73 0.73 0.73 0.73 0.73

I NC: Negative Control, PC1: Positive Control I (Antibiotics), PCII: Positive Control II
) (Probiotics), P5, A3: Antimicrobial peptide

Supplied per kg diet: 9,600IU vitamin A, 1,800IU vitamin Ds, 24mg vitamin E, 1.5mg vitamin
0.045mg vitamin Bio,
X pantothenic acid, 45mg niacin, 0.09mg biotin, 0.75mg folic acid, 18mg ethoxyquin.
° Supplied per kg diet: 162mg Fe, 96mg Cu, 72mg Zn, 46.49mg Mn, 0.9mg I, 0.9mg Co,

Bi, 12mg vitamin B,

0.3mg S

2.4mg vitamin Beg,

1.5mg vitamin Ks,

* Chlortetracycline 100g/kg+ sulfathiazole 100g/kg+ penicillin 50g/kg

6) 743
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E A& & Phase 13} Phase [[& W5o] 283t o, Table 488 a4 FElo] =(P5, A3)
o] w7t ol fAb=e] dRFFAH, dUAEAAD B AIRLTE VA= FFS YE
Zlot}. Phase I, IIolA] & elo]=(P5, A3) T thx+ol Hla) o
aTgo] MAEE Aoz YEtHp<0.05). AA 717kl = A A ol o)
of Hla} dFFAF H AL TEo] MAEE oE YR oW (p<0.05), It HEol=
o] +(P5, A3)w dixTel Hlate] dFdFA=Fo] /s = AoZ YR THp<0.05).

Table 48. Effects of antimicrobial peptide (A3, P5) supplementation on

growth performance in weanling pigs1

tem NC PC I PCI A3 P5 SEM?
Phase I (d 0714 )
ADG, g 238° 2597 244"¢ 2497¢ 253 2.23
ADFI, g 344° 364° 353 357 358 2.47
F/G 1.45 1.41 1.45 1.43 1.42 0.01
Phase II (d 14728 )
ADG, g 369¢ 395° 374°¢ 381" 385" 2.45
ADFI, g 574 585 573 578 581 2.71
F/G 1.56° 1.48¢ 1.53" 1.52 1.51¢ 0.01
Overall (d 0728 )
ADG, g 303¢ 327° 309° 315° 319° 1.99
ADFI, g 459¢ 474° 463" 467 469 1.64
F/G 1.51° 1.45¢ 1.50% 1.48 1.47¢ 0.01

abedyalues with different superscripts in the same row differ significantly differ (p<0.05).

INC: Negative Control, PC1: Positive Control I (Antibiotics), PCII: Positive Control II
_(Probiotics), A3, P5: Antimicrobial peptide
2SEM: Standard error of means.

FdAr A3E AlY A= Table 493 £t} Phase [9A] & Eol= Fo 77 =+
of nlste] oA H FekwA Ashgo] N ES M (p<0.05), Phase oA thz-ol ¥
3 g FEtols FoFT WE, duA 2 Z2uiE Askgo] MAYE FoRE UEHET
(p<0.05). FAA| F7+= Phase IolA] A3 ol vl oA Asl&o] MAEHE o=
RS 21 (p<0.05), Phase o4& olyA] 2 Zwkwld Aishgo] 3t elo]=(A3, P5) &
of Froll wlE] MAEE Hog YERGTHp<0.05). 3]7doln =ik sl-& o A (Table 50) P5 +9]
T WE&Tel v]Ete] lysine 2 phenylalanine %% 2™ (p<0.05), A FofF-ek2] H] ulo
M A3 FoFETE 38 Fo 7} lysine A3HEo] /MAEE Ao R LERGTHpP<0.05).
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Table 49. Effects of antimicrobial peptide (A3, P5) supplementation on
nutrient digestibility (%) in weanling pigs’
[tem NC PC I PCI A3 P5 SEM?
d 14
DM 82.93" 85.24% 83.18" 83.78%" 84.46™ 0.28
GE 80.88° 84.65° 82.73" 83.15" 83.92% 0.33
CP 79.91¢ 83.08" 81.07" 81.37" 81.70" 0.31
Ash 49.76 53.38 50.72 51.65 51.91 0.61
Ca 45.07 45.85 45.13 45.44 45.14 0.24
p 41.38 43.30 41.36 42.60 42.50 0.35
d 28
DM 80.06° 84.20° 81.60" 82.33% 83.42% 0.41
GE 79.22° 83.22° 80.51" 81.23" 81.30" 0.36
CP 77.88° 81.12° 78.82" 79.58" 79.69" 0.28
Ash 47.77 51.20 48.07 48.10 49.48 0.60
Ca 44.83 46.60 44.16 45.48 45.21 0.38
P 39.82 42.68 40.14 40.41 41.11 0.42

abc

(Probiotics), A3, P5: Antimicrobial peptide
“SEM: Standard error of means.

Values with different superscripts in the same row differ significantly differ (p<0.05).

INC: Negative Control, PC1: Positive Control I (Antibiotics), PCII: Positive Control II

Table 50. Effects of antimicrobial peptide (A3, P5) supplementation on apparent

ileal digestibility (%) of amino acids in weanling pigs (d 28)*

Item NC PC I PCI A3 P5 SEM”
Essential amino acid
Arg 78.72 80.29 78.80 78.62 79.98 0.32
His 73.07 74.10 73.43 73.45 73.69 0.41
Ile 69.10 69.88 69.50 69.72 69.53 0.51
Leu 70.97 72.64 71.34 71.57 71.49 0.43
Lys 71.34 74.33 71.37 72.47 73.24 0.63
Met 75.74 77.70 75.97 77.25 76.80 0.43
Phe 70.78 74.20 73.76 74.87 74.60 0.68
Thr 65.94 69.06 66.70 67.32 67.44 0.56
Val 63.12 63.55 63.22 63.03 63.25 0.39
Non-essential amino acid
Ala 63.50 67.41 64.22 64.59 65.98 0.63
Asp 71.76 73.71 71.80 72.15 72.74 0.52
Cys 64.51 69.29 65.53 67.12 67.28 0.74
Glu 70.02 75.30 70.54 72.96 73.27 0.93
Gly 52.78 57.17 53.37 54.98 55.14 0.78
Ser 63.04 66.34 63.79 65.05 65.60 0.84
Tyr 70.19 72.39 70.97 72.13 71.82 0.82

INC: Negative Control, PCI: Positive Control I (Antibiotics), PCI: Positive Control II
(Probiotics), A3, P5: Antimicrobial peptide
’SEM: Standard error of means.
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Table 512 & REF]=(A3, P5) wolol W& offA=e & T MAE +AE el
Aot} 149A 2 = o+ 2 Clostridium spp. FA oA SABA Fo77F ¢FE FofFol H]
] feldew 7Had Aow Ve on(p<0.05), FHEFOI=(A3, P5) Hol e ﬂ%zs%’-fﬂl
123l coliforms®] X7} o4 o2 vtA YEbRtH(p<0.05). 284 A & fqEto]l= Fof+
= W&l ¥lste]  Clostridium spp. 2 coliforms A7} fFdo=z WA Yertch
(p<0.05).

|

jud)

Table 51. Effects of antimicrobial peptide (A3, P5) on bacterial
populations (Logio CFU/g) in feces of weanling pigs'

Item NC PC I PCI A3 P5 SEM?

d 14
TAB? 8.76 8.58 8.70 8.65 8.66 0.03
Clostridium spp. 7.52* 727" 7.48? 7.42° 7.40° 0.03
Coliforms 4.55% 429" 4.45% 4.39% 4,32 0.03

d 28
TAB g8.72*  8.33" 8.65° 8.60° 8.54% 0.04
Clostridium spp. 751 7.22° 7.43° 7.34" 7.32 0.03
Coliforms 456  4.19¢ 4.38" 4.31° 4.28° 0.03

acdyalues with different superscripts in the same row differ significantly differ (p<0.05).

INC: Negative Control, PC1: Positive Control I (Antibiotics), PCII: Positive Control II
(Probiotics), A3, P5: Antimicrobial peptide

?SEM: Standard error of means.

*Total anaerobic bacteria

Table 52% eI (A3, P5E F7F AH=9] 33 2 MM Azl A= &
= YEkd Aottt gl M= A Fo 7 bE Folgtdl e T o B coliforms
A7) ooz JAE = Ao YEFHETHPL0.05). U ERo] = (A3 P5) o7+ dx+
| Hl3l coliforms A7} Fold o® WAl e oW (p<0.05), AtA]l wol-eke] vl Al

= AR Apol7t VrEbA] S AtHp>0.05). g mAE FXd A FqAAA Fo Tt
o2 goTdd vlsl| F w5, Clostridium spp. 32 Coliforms FX[o|A T& FoF-of B3]
oA or v Yebgth(p<0.05). AP Ero]=(A3, P5) wol ¢ thxT-eke] Hlulo A=
% 9, Clostridium spp. & Coliforms X7} 94 o2 WA e tHp<0.05).

2
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Table 52. Effects of antimicrobial peptide (A3, P5) on bacterial populations
(Logio CFU/g) in ileal and cecal content of weanling pigs (d 28)!

Item NC PC I PCI A3 P5 SEM?
[leum
TAB? 8.64% 8.23¢ 8.51% 850"  8.40% 0.04
Clostridium spp. 7.44° 7.14° 7.30% 7.28% 7.24" 0.03
coliforms 4,497 4.06¢ 4.32% 4.29b¢ 4.19° 0.03
Cecum
TAB 8.67° 8.28° 8.59% 8.54" 8.48" 0.03
Clostridium spp. 7.46° 7.19° 7.40% 7.32" 7.29 0.03
coliforms 4.49? 4.12¢ 4.36" 4.29" 4.23° 0.03

abcdyalues with different superscripts in the same row differ significantly differ (p<0.05).

INC: Negative Control, PCI: Positive Control 1 (Antibiotics), PCII: Positive Control II
(Probiotics), A3, P5: Antimicrobial peptide

?SEMS Standard error of means.

*Total anaerobic bacteria

3) 8% IgG, IgA ¥ IgM ¥ &%

Table 53& F4A 2 P eFo] =(A3, P5e] Holol o3 olfA=2 dF IgG, IgA
[gMe] w55 YeRd Zlojth. 7} Ao ogr FAH Fofate= yERA 23ARHp>0.05),
A FAF7 & T vla IgG, IgA B IgMe] s%7F A Jelwth St Elo]
=(A3, P5) T3 Fo]H Apoli= YERA] A RHp<0.05) vl vld] IgG, IgA ¥ IgM
o] =7t A vERsttt

ol Y e

Table 53. Effects of antimicrobial peptide (A3, P5) on  serum

immunoglobulins (mg/ml) of weanling pigs'

[tem NC PC 1 PCI A3 P5 SEM?

d 14
IgG 7.81 7.93 7.81 7.88 7.89 0.12
IgA 0.44 0.47 0.45 0.45 0.45 2.54
[gM 0.78 0.82 0.79 0.80 0.81 3.95

d 28
IgG 7.83 8.07 7.84 7.95 7.98 0.11
IgA 0.47 0.51 0.47 0.49 0.50 2.51
IgM 0.86 0.92 0.88 0.89 0.91 3.39

INC: Negative Control, PC I: Positive Control I (Antibiotics), PCII: Positive Control I
_(Probiotics), A3, P5: Antimicrobial peptide
’SEM: Standard error of means.

4) 7] FA L Ao
Table 54+ P EFO]=(A3, P5) wold W& ZA7|FAE Ueld RAo=2 7} 7]

o
A = giv] MES(%)Z YERA Aol A, AdA 2 FAFEol= =
o7t FoAl ol YERYA] 24 THp>0.05). Table 556 | Elol=

Ll

L
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P5), A L AdA Fofo ogh Ao JHf WsE YEH Ao=m %oy 7t l"i—l?:(ﬁo]
A%, &3 9 3ol gEAol(villus height, VH), &< #=9°](crypt depth, CD), 7] o]
o} Fo} Folo M (VH/CD)E A A3} 7zF Fol4t7ke] {979 ajo]= L}E}L};q oro}
tHp>0.05).

Table 54. Effect of antimicrobial peptide (A3, P5) on relative visceral

organ weights and length of intestine in weanling pigs' (d 28)

Item NC PC I PCII A3 P5 SEM*
Organ weight, % of live weight
Heart 0.52 0.53 0.54 0.52 0.54 0.01
Liver 2.69 2.70 2.69 2.55 2.50 0.04
Lung 1.12 1.08 1.15 1.18 1.12 0.02
Kidney 0.23 0.19 0.20 0.22 0.21 0.01
Stomach 0.58 0.55 0.54 0.53 0.55 0.01
Small intestine 5.57 5.47 5.66 5.40 5.32 0.05
Large intestine 1.97 1.88 1.96 1.92 1.90 0.03
Length, cm
Small intestine 1411.50 1413.25 1419.75 1403.00 1418.25 4.93
Large intestine 294.25 292.50  295.00 297.00 289.75 4.18

INC: Negative Control, PCI: Positive Control I (Antibiotics), PCI: Positive Control II
(Probiotics), A3, P5: Antimicrobial peptide
“SEM: Standard error of means.

Table 55. Effect of antimicrobial peptide (A3, P5) supplementation on

small intestinal morphology in weanling pigs' (d 28)

Item NC PCI  PCI A3 P5 SEM”
Villus height, gm
Duodenum 684 656 679 649 665 18.35
Jejunum 541 574 551 528 546 18.66
[leum 457 431 451 467 455 20.83
Crypt depth, um
Duodenum 323 335 344 343 345 6.44
Jejunum 275 233 247 253 276 7.82
[leum 241 258 213 298 274 20.50
VH/CD
Duodenum 2.11 1.96 1.98 1.89 1.92 0.08
Jejunum 1.97 2.46 2.24 2.08 1.98 0.11
[leum 1.90 1.67 2.12 1.57 1.66 0.20

'NC: Negative Control, PC1: Positive Control I (Antibiotics), PCII: Positive Control II
r(Probiotics), A3, P5: Antimicrobial peptide
“SEM: Standard error of means.

(5) &

dol AFAH DAV B FEAGIEAS, PH] Folt tET nrh A% @ Aw
AAFAA AL FEEAT FYA Fol Tl MAAE 24 g old B AT
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dvs Fd 7hE Als ol @AAY e Adave SRlsith Han et al, 1996
Mecadox¢t CTC EHAE FA7E A=e] AT Aol ol wa] 7h7F 36.5%9F 32.4%

2 7t Hastgith, ek o] fakmel gAA welw AARdAS 52.2% FaAFY
LRI P

& ool = BYd vAES A FAE ST LEA dEre] FE Adsta &
WA oUH] So] FERF Jdn o8 BAS THAe 8ol SrbskAl drkal Hasl
ohoolell & AldA el vebd A e Ere] =(A3, PSS AN &k e
BES FaAA AuA 9 E48 F9F3 DM CP 59 2343 MAAA Fo2M el
W AaE dadn 0149 Bt awied] FafiEte]l= P Fol el FAA Fol el A
TAF s BolX ek Aow FdAol ZaE FuElolm: olf F WA v
A =257 A% FE4AM B 3 FHAAS UEhd FA AV s 8 49
At 3 FFFetol= Porb A @ AR FAAM FuPElel= ASHT Ee A
S UEhd 22 in vitrool A A3HTH & FiodAlTEH S UEhlo] AA WelAx Mg |
Azl Al By B2 e vl Aow dkdn

S98 oln SR ruE E3 dg g#A YA (Wang et al, 2006), 3
S A el Ao g ek A7) oF% v &3tk Ramanathan et al,
2002 FFFElol== AA WAAAS Fawo] QR A U mAEe HAS xHEdta
3 MAEERYH Huhs Hoste] Astgs JNAAAIZIHAL selth g Kwon et al, 2003
L St AP W HOlA AAH X fFo ARSI ofAlo} F7AH](Bufo bufo gargarizans)®]
9l Ao A EelE 39709 ofn gt oA Far o] Hold 217]9] ofnwibs Ajx st

Az FFetel= buforin IIbE o FAkEol Foldh A3 SAFT HAL A Aol A
A A vete] -3 aRE YERNTt Balstgith

AF] AFAY FAA FoTE v wolTted vlE el vAE At AsE
S &3 AANA 2Rt A dEls T ol AWy #Ao] dokgt A Egelal A
Aol HAAd vA=el dd 84 &4 544 thE FolTol vl MAEArt vERd Ao
2 Ht a9y &t sEo] tE alwEo darElel= PS5Ol Ag- olf ¥ 2F 5%
of FAA} vlzg coliformsTA FHAE Ko FAA dAAZA ] 7FeAdS Bk wet
A gatgElel =] HUbE, TV soll digh FUHARI AES Sl Bh Ekek A 7t
TS Ao & BoR HAZIY

FAA L FPElo| = BF Wr|5S At f3l v AE] dste] W] sk
Rnog deA Ao D4(Weber et al, 2001; Broekaert et al, 1995), 53] 3 eloj=x= A
A AgHoAgle] Fadh FEoR A W Werlss Adltele AR Hiuwa v

(Ramanathan et al, 2002). L&t} 2 Al o] A WA Al A IgA, IgM, 1gG A ¥}
+ FAA} gt Etol= T Al A 2gke] FoA <l ztolE WERN Al gTh ey
WA nAEe] ZAE B3 AN ave 8l wHdorw & Interferon-y, TNF, C49F 2
= W "Hegkgol gk AlFAQl A 28 AoR Hodng, A Hue Fxe A
A4<s Uetdli= e Aoty B o] § W ARAHAZEY 2EYE 890 §RY
Holzk et §oEold S7HE 7ML ‘33%*3 HAES §E SIFEWAEE)Y 5552
of JAS wH FIA Fo #Hie A AstE AT eSluk(Pluske et al, 1996;
Kelly et al, 1999). Draper, 19582 U alh% SAC Folg Ayt Aol FAN Hasta

1

o s

o,
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o wel i) o]fEo] MAEYUTL T Gaskins, 1997 A U §3] wAYEo]
S7FeHA W Hae] Astoew dute] Ay &4 JhAF wEl AE A& S
skl Ao FAE F7FgHaL SkQith Bk o] Aol ofE] A F38& FAAE
A 2ol FA 2 ol AE HASITH AT Rl A §9 Fol T
F Wl SAsE WA vAZe] oF 540 AL BAVE e Alew dEA dvk(Yason
et al, 1987). 3 Pluske et al, 1996& VH/CDS] Hl&o] %0 o] §AES] AL 4ol
MAE=H o] AL gomolBuE gRAo) FUIE gk 48tE
stk aeER g ofe] PejsH Wake ol fA=e] A
shoh, v 2 Al Aol A FAA F gariElol = bl 9%t
gkl goll e =rekal A7e] Jejsh3 sl A B Aol
E FoA7E yEpA] ol ol el AqtAdel X kA gttt ole Fe &, o4
A5 2 AT o wet 3AA R A Eel = 2y thE Sl
ATt A FAA = olfr A=olA AHgra 2 AFEHK adE 7P AL
2 @Wol ARgEOIA gttt & AlFAdAME ALY Al U goe AATIZE w<
Hefol= g A ool B3] -3 A H AARAHAZTS UERY. 17
ToA YEFRERO]l A ] A &A1 ARE-S WA 3 AW i £AE 7HA
el 98-S & 4 v (Monroe et al, 2000; Schwarz et al, 2001). ¥ <19
R A5 7FeA ol d8 gl ddfPEtel=9o HItel wE AN avE Fdt

N

©®) 29

B oAge) A ol fAEA g MAE, d%s AfE B ARLAC WAE gge
FAA BEA o7 FEAEI A3, P5) Fol PRt 2 sow vehdeh dFilees
ZHel wlel M PS5 el Tk A3 el el Mlal $49 sk i Aow vehgth w3
CES ] 3 BN

2. %7 A W ARZA WAN WP FF Wel=(A3, P5) i AZAS FAALY
NTE BW A, GeE L8, 299 FuS 2o vE GF BE AT

(1) 724

Aol = A A elA i e HEre]=(A3, P5) ot A Al WA= ALE
A B ek s ffste] AlEom AMFHAAS AAElT



@) Ad=E 2 AR

2 A8E 913 RossE broiler(45£1.50g) 40055 %—Mé}oﬂ (5A 2, 49k, WkEg 2047)
Starter(0 ~ 35)¢} Finisher(4 ™ 57)2 & 55 AFYAIES ARt AldA s YA
Q& 2A38ke] Startere} Finisher® F&3}¢] %043}91¢, AUl g2 A Hus 9
sFo] NC(negative control), PC I (positive Control : Antibiotics—Avilamycin, 0.05%), PC
[I(positive control: Probiotics— Lactobacillus, 0.2%), A3(Antimicrobial peptide A3
60ppm+ Lactobacillus,) 223l P5 (Antimicrobial peptide P5 90ppm+ Lactobacillus)® 3}
gow, AlgA s wfEH= ofefiel Zrh(Table 57, 58).

(3) AtFee

Broiler= A%< 7|22 3to] 5H T2 A T 495 Wb o 2054 Al wf x5k
ok A A7 HAHARSRE A 2mx2m)ekglom Hittel| = YAE ZAdT AEFTY EES
7HdArE ol AX|tlom, AF7IE W AlP@ANRE S B2 AFAA AFY 7]E A e
2 Ao #eHe F8he] AAIEAT

(4) ZAE

1) AP A
B Ao At A S FAVSH] fEte] Als S AlEINA], starter®} finisher?] TR A]
of AN ARHHAZFE AT SAA] AR ToleoA A azEe] FAE SAHA

= AA AR 4F2EAF(Cre0s, 0.25%)& A @A}
of H7ste] Fefstiom wste 9 A7171 flete] eu)7|Rks 394t I
AR L& AHF sk AR F 23718 o8-8t

AANER ARSI AldALE S} o ANES AOAC(1990) F38kef 43}
2 23hEE v AlkAel 9ste] et

>_<z
;1

32 ML
i
ol
o
2 N

2 5 A AEE 8FHA(F 409 =53}
20T WAad A Basilt. FHEES] AFH7E BF 2§
Z7](Samwon Inc., Korea)ollA] WsHdxsdct Axd A
wiley millZ &% § opr|=Abs FA 7] A7bA WA E AT 38 =] ofr 4k
BLe AlgE 24A7F 5<F 105To A 6N HCl 407 7hi3s] A1 & HPLC(Waters

tote
2
=
ofo
o,
lo
N
.
X!,
o]-N
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486, USA)E AFg3sto] &Astsow, ghf-3tolm ik 24A17F &<t 73] Al % cold
performic acid& Mo 2 A3lx] gl st #4189 tH(Moore, 1963).

R ETIAE

54 AF el 45ml 4 o] W s}
Ao A% SN B4 F A7) P

4% F9) e B4R ) g g
o =
= Y =
of Mol AL ety odR IYSHAT & shaE Fsm APstarh

AzE gAN F Yot JAAS 1 mlE AEHYF 535k njgsisit). o] o A3k
sl Mo peptone?} L-cysteine-HCIS 242} 0.5%, 0.05%% 713k gHS ALY, o5
=4S 3 AFE3E wix]et Bl FAL Table 563 #ow, wALE F EFH49(total

anaerobic bacterial counts) Clostridium spp. counts¥ Gas Pak System (BBL)S AF&3
of d7)AeE wikstelal, Coliforms counts® 7] AElE viekst 5 A9 & 7+ plate
9] colony-forming unit (CFU)E AL & loglO0o 2 kst vz ALe 37T, 48A1%F
o] AT,

Table 56. Selection media and culturing condition for the enumeration of

microorganisms

Incubation
[tem Medium Temperature
. Hour
(C)
Total anaerobic bacteria Tryptic soy agar' 37 48
Clostridium spp. TSC agar (anaerobic)! 37 48
Coliforms Violet red bile agar 37 48

"Anaerobic : Gas pak anaerobic system (BBL).
4) % IgG, IgA 2 IgM 5%

A9 F 1gG, IgA% IgM9] HFs SAsH] f8 FA9 AWM NS AHd & dF
< =g St FEE g4 4 A7EA 20T AA mASSY. F 1gG, 1gA%) [gMS &
AA3% HA 52 (Enzyme-Linked ImmunoSorbent Assay, ELISA)S. 2 A3} +=d 29
o &= Chicken IgG ELISA Quantitation Kit(Bethyl, USA), Chicken IgA ELISA Quantltatlon
Kit(Bethyl, USA)®} Chicken IgM ELISA Quantitation Kit(Bethyl, USA)E A}&3F 3L 450
nme SF =AM =AY = 1gG, IgAet IgMe] AL 96 well plateo] Coating
Buffer(0.05M Carbonate-bicarbonate, pH 9.6)¢} Goat anti-Chicken IgG antibody, Goat
anti-Chicken IgA antibody, Goat anti-Chicken IgM antibodyE Z}7} 1:1002.2 3413+ &
AME 100 YW F 37TColA 1A vjFst & Wash Solution(50nM Tris, 0.14M NaCl,
0.05% Tween 20, pH 8.0)= o|&3}e] 33 AF3A . Blocking Solution(50nM  Tris,
0.14M NaCl, 1% BSA, pH 8.0)= Z} welld 20002 €31 37CoA 30&7F gt & 33
A H gl Agr oz A e 2FdH Y SAY dHES welld 77 100¥ ¥ 5 3
7TCoA 1AIZF vigst & 53] AA3S T Goat anti-Chicken IgG-HRP  conjugate
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antibody, Goat anti-Chicken IgA-HRP conjugate antibody®} Goat anti-Chicken
[gM-HRP conjugate antibodyES Conjugate Diluent(50nM Tris, 0.14M NaCl, 1% BSA,
0.05% Tween 20, pH 8.0)° Z+7} 1:40 OOOi’Jr 1:60,000, 1'40,000& s|A gk = wellell 7}
ZF 1002 ¥ F 37TColA 1A w3 53] Alzst & A (TBM solution)E 100
WA Qa1 37T 1587 vHg A7 F 2M HoSOsE 742 100w® ¥o] w8 AAAH
th 9kgo] £ plateE ELISA readerg ©]&3to] 450nme] F3F oA 43k 3ith

5) =AY 2 grue A

= o =

it FEfel=(A3, PHO Fol7k AN AN ashr)we] D] nXe g 2ANE]
flate] =AE 9 7 Aspr)dke] FAE SASG 4 9 T8 A 4 AR 85 =
Fate] zp shrlde] AAFAE SASL WEES AAT 7 vE FHoR 75 flelx
W 2skg TAE S48
6) 2% morphology

g1t FEL)=(A3, P59 Fo7F 24 §59 Festy was 323y 5t 74 9
T2 A APEE 85(F 4098 = 3 F IFTdRg 2 A 15emtES F &8
o] AA5a AAs S 10% formalin £ FAx|sle] AAEAn AR B3 wrp=] YA
H

§5 olst §9} olE ZH3
paraffin® 2 ILHAIZl & 6um=7]
= 408) wjgolA Ax}n] Ao

=

£ T FAT o] A

] $18Fe] 10% formalin 4o HEHo] Ju A RE
2 Adste] azure At eosineoZ QAT AAE A
2 43 HCera &, 1988). §ExEolet §ozlolef n

(5) EAEH

J3olom, SAS(1985)¢] GLM AAE o]gate] A
oS A}

1
fit
:(o
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Table 57. Formula and chemical composition of experimental diets
(starer : 0~3 wk)

[tem' NC PC 1 PC II P5 A3

Ingredients (%)
Corn 55.68 55.63 55.48 55.31 55.13
SBM (44 %) 26.19 26.19 26.19 26.19 26.19
Wheat 2.00 2.00 2.00 2.00 2.00
Corn gluten meal 7.00 7.00 7.00 7.00 7.00
Fish meal (55%) 2.00 2.00 2.00 2.00 2.00
Soy-oil 3.65 3.65 3.65 3.65 3.65
TCP 1.84 1.84 1.84 1.84 1.84
Limestone 0.75 0.75 0.75 0.75 0.75
Salt 0.30 0.30 0.30 0.30 0.30
L-Lysine (78%) 0.11 0.11 0.11 0.11 0.11
DL-Methionine (50%) 0.18 0.18 0.18 0.18 0.18
Choline chloride (50%) 0.10 0.10 0.10 0.10 0.10
Vitamin premix” 0.10 0.10 0.10 0.10 0.10
Trace mineral premix’ 0.10 0.10 0.10 0.10 0.10
Avilamycin (20ppm) - 0.05 - - -
Lactobacillus - - 0.20 - -
Antimicrobial

_ - - - 0.37 0.55

DDAty De L e

Total 100.00 100.00 100.00 100.00 100.00
Chemical composition (%)
ME (kcal/kg) 3,200 3,200 3,200 3,200 3,200
CP 22.00 22.00 22.00 22.00 22.00
Ca 1.00 1.00 1.00 1.00 1.00
Avail. P 0.45 0.45 0.45 0.45 0.45
Lysine 1.10 1.10 1.10 1.10 1.10
Methionine 0.50 0.50 0.50 0.50 0.50
Met + Cys 0.88 0.88 0.88 0.88 0.88

'NC: Negative Control, PCI: Positive Control I (Antibiotics), PCII: Positive Control II
(Probiotics), P5, A3 : Antimicrobial peptide

2Supplied per kg diet : 10,000IU Vit A, 2,500IU Vit Ds 501U Vit E, 1.5mg Vit K3 1.5mg

Vit B;, bmg Vit B, 3mg Vit Bg 0.025mg Vit Bis, 15mg Pantothenic Acid, 35mg Niacin,

0.15mg Biotin, 1mg Folic Acid, 6mg Ethoxyquin.

3Supplied per kg diet : 4bmg Fe, 4.25mg Cu, 6bmg Zn, 72.5mg Mn, 0.2mg Co, 0.5mg I,

0.15mg Se, 0.5mg Mo, 0.15mg Cr.
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Table 58. Formula and chemical composition of experimental diets
(finisher: 4~5 wk)

Item' NC PC 1 PC I P5 A3
Ingredients (%)
Corn 58.34 58.29 58.14 57.97 57.79
SBM (44%) 21.43 21.43 21.43 21.43 21.43
Wheat 5.00 5.00 5.00 5.00 5.00
Corn gluten meal 8.00 8.00 8.00 8.00 8.00
Animal fat 3.86 3.86 3.86 3.86 3.86
TCP 1.66 1.66 1.66 1.66 1.66
Limestone 0.75 0.75 0.75 0.75 0.75
Salt 0.30 0.30 0.30 0.30 0.30
L-Lysine (78%) 0.22 0.22 0.22 0.22 0.22
DL-Methionine (50%) 0.03 0.03 0.03 0.03 0.03
(o e chloride 0.13 0.13 0.13 0.13 0.13
Vitamin premix” 0.13 0.13 0.13 0.13 0.13
Trace mineral premix3 0.15 0.15 0.15 0.15 0.15
Avilamycin (20ppm) - 0.05 - - -
Lactobacillus - - 0.20 - -
Antimicrobial
peptide(typell) .. e I o
Total 100.00 100.00 100.00 100.00 100.00
Chemical composition (%)
ME (kcal/kg) 3,200 3,200 3,200 3,200 3,200
Cp 20.00 20.10 20.10 20.10 20.10
Ca 0.90 0.90 0.90 0.90 0.90
Avail. P 0.40 0.40 0.40 0.40 0.40
Lysine 1.00 1.00 1.00 1.00 1.00
Methionine 0.39 0.38 0.38 0.38 0.38
Met + Cys 0.68 0.72 0.72 0.72 0.72

'NC: Negative Control, PC1: Positive Control [ (Antibiotics), PCII: Positive Control II
(Probiotics), P5, A3 : Antimicrobial peptide

“Supplied per kg diet : 10,000IU Vit A, 2,500IU Vit D3 50IU Vit E, 1.5mg Vit K3, 1.5mg Vit

B: bmg Vit B 3mg Vit Bs 0.025mg Vit B2 15mg Pantothenic Acid, 35mg Niacin, 0.15mg

Biotin, 1mg Folic Acid, 6mg Ethoxyquin.

SSupplied per kg diet : 45mg Fe, 4.25mg Cu, 65mg Zn, 72.5mg Mn, 0.2mg Co, 0.5mg I,

0.15mg Se, 0.5mg Mo, 0.15mg Cr.
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6) d74d3%

SA A=Y el =(A3, PSS Fo7F AFAA Aol P A= g2 Table 599 #r}.
A71(0~3F)d A= FAA Fo7PC 1H7F 2=FINOll Hl3)] A ZF 2 Ats &0 19
Ao MR FHoR YEFGOH(p<0.05), Al FoFPCI) 2 I3l Elo] =(A3, P5)
wo ok T A AbolE WERAl A THP>0.05). F71(4~5F)olA = AL} PS5 &
of F7F gz vl TAH D AARLTES FYdoR MAAH 2 (p<0.05), A3 HoIT
NAE ol Hla] AAEaTFEo] FolFor AAEE AoR YETHp<0.05). Ald A
Al 71IZHO0~55)Et PS5 HoE FAA FAFE FoA0 AbolE YERA &to
(p>0.05), iz B AdA o7l vl&l] FAF L ARS8 T80 FoFom MAE= A
O 2 YETHp<0.05). - fEte]= ol gtell= PS5 ol 77 A3 ol 7ol HlE AR A
o] MAE= AEgFS YEF oY F994Q1 Apol= yrERA] 2k tH(p>0.05).

Table 59. Effects of antimicrobial peptide (A3, P5) supplementation on

growth performance in broilers

[tem' NC PC I PCI A3 P5 SEM?
Starter (0~ 3 wk)
Weight gain, g 641" 708? 654 668%° 683 9.50
Feed intake, g 1043 1087 1043 1052 1066 13.51
FCR 1.63° 1.54°¢ 1.60*  1.57"  1.56™ 0.01
Finisher (375 wk)
Weight gain, g 962° 1025° 971¢ 988™  1009""  28.32
Feed intake, g 1717 1757 1707 1711 1735 10.18
FCR 1.78° 1.71¢ 1.76®  1.73"™  1.72" 0.01
Overall (075 wk)
Weight gain, g 1557°  1686*  1578° 1610  1646™  13.53
Feed intake, g 2760 2844 2750 2764 2801 17.95
FCR 1.77¢ 1.69° 1.74¢ 1.72° 1.70% 0.01

aedyalues with different superscripts of the row significantly differ (P<0.05).
INC: Negative Control, PC1: Positive Control I (Antibiotics), PCII: Positive Control II
(Probiotics), A3, P5: Antimicrobial peptide

“SEM: Standard error mean.

o= oo gk FdFAR AsEY] AF AF= Table 609 2ok A7) AshEo
M= PS5 g7k 7ol Bls) DM % CP9] &st&o] fo# o= /e Aos Yege
M (p<0.05), FAA Folg-eke] vlaol A= o)Al Zfol7F YEhbA] &t tH(p>0.05). A3 =
o] f-3= thxTo] Hla] CP &3hgo] ooz A" Aoz Ve on(p<0.05), P5 o
T-ob= Frol el Apolrt YEhuAl ZtHp>0.05). 7] A3gol A= PS5 Fol -7t thE ol
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Hgl CP %2 GE9 4380 fodoz /MAEA o (p<0.05), A FolFotes Folzel
zkol7F ERAA] 2 A tH(p>0.05). St Etol = o Fitel= P5 Jol77F A3 wolgtel H] 3|
FFn 2ol MAHE AEFE HERR oY FolARl atol= YERYA] & 9tHp>0.05).

Table 60. Effects of antimicrobial peptide (A3, P5) supplementation on
nutrient digestibility (%) in broilers’

Item NC PC 1 PCII A3 P5 SEM?
d 21
DM 73.58" 77.03% 74.89% 75.46%° 76.38° 0.40
Ccp 66.58¢ 72.43° 68.14" 69.15° 69.82° 0.50
GE 76.78 79.07 77.46 78.35 78.78 0.30
Ash 41.88 42.71 42.13 42.17 42.34 0.22
Ca 37.23 40.30 38.46 39.55 39.25 0.39
P 36.83 39.22 37.50 38.02 38.39 0.30
d 35
DM 72.71° 75.40° 73.23" 73.90% 74.10% 0.33
Ccp 65.14° 68.96° 66.98% 66.79%° 67.98° 0.43
GE 74.56° 77.10° 75.54% 75.73% 76.25° 0.28
Ash 38.61 39.94 38.84 38.98 39.28 0.21
Ca 34.89 36.16 35.32 35.55 35.63 0.19
P 34.26 35.51 34.75 35.04 35.07 0.24

abc

Values with different superscripts in the same row differ significantly differ (p<0.05).
INC: Negative Control, PCI: Positive Control I (Antibiotics), PCII: Positive Control 1
(Probiotics), A3, P5: Antimicrobial peptide

*SEM: Standard error of means.

Table 61 S719] 8% obr]:it &5h&S tehdl Zolth #4 A3 @iohuwit 2
Aot okl A, Al % ARl ZA3, P Fel ik Azl v
ohulit AshEol ANHE FFS tebdort, RE FTel 949 Aol vhe
FITHP>0.05).

o Ye m:{o
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Table 61. Effects of antimicrobial peptide (A3, P5) apparent ileal
digestibility (%) of amino acids in broilers (d 35)

Item NC PC I PCII A3 P5 SEM”
Essential amino acid
Arg 64.37 67.27 65.62 66.05 66.80 0.42
His 60.94 62.98 61.53 62.18 61.90 0.44
Ile 63.21 65.03 64.12 63.63 64.47 0.32
Leu 70.29 71.56 70.32 71.15 71.33 0.36
Lys 69.21 71.49 69.91 70.03 70.14 0.41
Met 71.49 73.84 71.88 72.49 72.36 0.39
Phe 64.43 66.99 65.42 65.53 66.26 0.37
Thr 46.71 48.26 47.38 47.76 47.56 0.39
Val 50.63 53.21 52.09 52.80 52.86 0.41
Non-essential amino acid
Ala 60.73 62.50 61.21 61.44 61.61 0.46
Asp 58.40 60.42 58.92 59.75 60.10 0.30
Cys 56.80 59.76 57.76 57.99 58.22 0.44
Glu 67.50 69.63 67.73 68.72 69.33 0.31
Gly 50.28 53.32 50.93 51.72 51.86 0.52
Ser 58.44 61.13 58.92 59.39 59.31 0.54
Tyr 56.14 57.87 56.38 56.87 57.09 0.31

'NC: Negative Control, PC1: Positive Control I (Antibiotics), PCI: Positive Control II
(Probiotics), A3, P5: Antimicrobial peptide
’SEM: Standard error of means.

2) &3

i}
A
o
i)
o
i

Table 62+ & fEto]l= Fojo] WE SAl9 & 5 "AES] Wt s vepd 3o
o} 219A19] Coliforms?] FXo|A= A 2 P5 377 2ol Hl8] fdo=z 7
A%k Ao R YeoH(p<0.05), x5 AL & Fof7ttdds FYA Aot e
WA A tHp>0.05). 354A N = F D715, Clostridium. spp. % Coliforms®] %]
oAl P5 Holg7F iRt & oA om 2FAsH3 o™ (p<0.05), A FofT-eke]
ol = Fo A AFol7F YEA] Ut (p>0.05). A3 575 izl Hl&] F F7|A4A
4= @ Coliformse] X7} foH oz ads Aoz YeElth(p<0.05). T FEFo] = (A3,
P5) Fo 7o wHluoAME= PS5 FoG7F A3 FAATol wvle| Clostridium. spp. 2
Coliforms®] X7} FAste A&S el ov 9420 xfol= YA & Skth(p>0.05).

Table 632 feto]l= Fofol we SAC Gl nAdEe] Wsto] dis] vebd 3lojth
A FoG= e Aol vle &3 WA TAB, Clostridium. spp. % Coliforms
o] FA7F FoHoz THAasA oH(p<0.05), FHFEFOI= (A3, PHSF A FoFoN=
=0l W8] TAB, Clostridium. spp. % Coliforms X7} o8 o2 7H4sE A=
B}t TH(p<0.05). HEFol= Fof-3toll &= 921 2pol 7} vEbA] % tHp>0.05).
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Table 62.

Effects of antimicrobial peptide (A3, P5) supplementation on
bacterial populations (Logio CFU/g) in excreta of broilers’
I[tem' NC PC I PCII A3 P5 SEM?
d 21
TAB? 8.66 8.53 8.61 8.59 8.57 0.02
Clostridium spp. 7.35 7.27 7.32 7.31 7.29 0.01
Coliforms 6.78° 6.61>  6.71"  6.68" 6.66" 0.02
d 35
TAB? 8.60° 8.41°¢  8.53"  8.48" 8.45 0.02
Clostridium spp. 7.33° 7.18° 7.28" 726"  7.25™ 0.01
Coliforms 6.74% 6.53°  6.67* 6.63" 6.59" 0.02

PValues with different superscripts of the row significantly differ (P<0.05).
'NC: Negative Control, PC1: Positive Control I (Antibiotics), PCII: Positive Control I
(Probiotics), A3, P5: Antimicrobial peptide

“SEM: Standard error mean.

Table 63. Effects of antimicrobial peptide (A3, P5) supplementation on bacterial

populations (Logio CFU/g) in ileal and cecal of broilers (d 35)!

[tem' NC PC I PCII A3 P5 SEM?
[leum

TAB? 8.22° 8.04°¢ 8.15® 817"  8.13™ 0.02
Clostridium spp. 7.20° 7.07° 7.16®  7.11"  7.10 0.01
Coliforms 6.34° 5.99¢ 6.16" 6.15" 6.13" 0.03
Cecum

TAB? 8.26° 8.07¢ 8.20  8.17" 8.18° 0.02
Clostridium spp. 7.23° 7.10°> 7.16®  7.16®  7.15%" 0.01
Coliforms 6.34° 6.04° 6.26°  6.25" 6.22° 0.03

®Values with different superscripts of the row significantly differ (P<0.05).
INC: Negative Control, PC1: Positive Control I
(Probiotics), A3, P5: Antimicrobial peptide

2SEM: Standard error mean.

3) dF IgG, IgA 2 IgM &%=

2197 2} 35 A of A
[gA 2 IgM F%=7}
(p>0.05).

Table 64 SFElo|= FoJo o3t SA9 IgG, IgA ¥ IgM
T

FAYA T Tk
=4 vEbstey

BE FolTakl foHQ Aol hehiA
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Table 64. Effects of antimicrobial peptide (A3, P5) supplementation on

serum immunoglobulins (mg/dl) of broilers’

Item’ NC PC 1 PCII A3 P5 SEM?
d 21
IeG 278.67 280.43 282.76 281.83  281.37 9.11
IgA 36.39 38.57  35.62  38.60 37.73 1.90
IgM 73.06 74.93  73.11 73.91 74.09 1.28
d 35
IeG 278.01 281.52 259.76 282.47  280.30 10.28
IgA 38.12 39.39  38.70  39.41 38.79 0.97
IeM 74.16 75.82  74.06  73.50 74.26 1.44

INC: Negative Control, PC1: Positive Control I (Antibiotics), PCII: Positive Control II
(Probiotics), A3, P5: Antimicrobial peptide

“SEM: Standard error mean.

4) F715A L Age]

Table 65% f?} Hepol= Fofo W& A9 &% de WstE vebd Zolu. AolA%
A 9 g e R Ao|(villus height, VIDSF §2+2o](Crypt depth, CD), §=4dole} &<}
Zole] MHAE(VH/CD)E Z=Ae A¥ Zb Folg-ztel] 940 Afol= depub=] ek
(p>0.05).

OH

Table 65. Effects of antimicrobial peptide (A3, P5) supplementation on small

intestinal morphology in broilers (d 35)*

Item' NC PC I PCI A3 P5 SEM”
Villus height, gm

Duodenum 1513 1570 1529 1531 1569 26.05
Jejunum 852 863 848 833 857 18.22
[leum 413 425 429 421 434 13.58
Crypt depth, gm

Duodenum 397 378 374 363 353 9.07
Jejunum 309 335 331 339 370 8.88
[leum 230 222 228 233 236 5.97
VH/CD

Duodenum 3.83 4.21 4.11 4.28 4.51 0.13
Jejunum 2.80 2.58 2.65 2.49 2.34 0.10
[leum 1.84 1.95 1.88 1.84 1.86 0.08

INC: Negative Control, PCI: Positive Control [ (Antibiotics), PCII: Positive Control I
(Probiotics), A3, P5: Antimicrobial peptide

’SEM: Standard error mean.
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N 6 & SMEUEUHNH =&e il

ol

- dA JidE A FAEol=E ¥t AFoRE Jd+¥, vancomycin, oxytocin,
cyclosporing 40%F°] #|Fst= o] lom, A 27001F Fetol= LA7F YFAIE 5
of A+

- Fefol= FAAQ] Cubicin (CubistA| ¢F3]AHS 2004 % FAwfjHo] oF 67 Gejof o

_

- g FEAAE ok FAE ol 8F FA Hekel= olF Jl% R hEe AR, 4
F% FUATOIL HFEN A=E T MARS BER so] J15H AFL ASE
A9 e

- AN fEtel= A IR [AFRAHIA, SR, A3 7 (Russell, 1991)]
/A A 27 7.

5719] olm| =4t 7|2 o] FoZ cationic amphiphatic a

(o]
Ol
19
gt
i)
o
o
1o
>
B
>,
o3
2
w o
fol
o
s
©
2
k=)
rlu
N
e
fo

-helical antimicrobial peptide®]t} (Henzler Wildman et al, 2003).

- Pseudin-2+ Paradoxical Frog=H¥ 8% 24709 ofn|w=ito g o] Fojzl Al As}

il

zt= amphiphathic a-helical antimicrobial peptide ©]t}.
- Cecropin A(CA)E hyvalophora cecropia pupae=%-€ ¥ N-Zoto] Lys 717F &
o] EAlsly, C-Ztol= 71 AFA opnjibEo] Wol &4, a-helix7%, Gly-Pro M <E

X33l hinge region ¥(Gazit et al, 1994, Steiner et al, 1998).

o

- Melittin(ME) 267¢] o}w]:=Ato 2 -4, a-helical amphiphathic structure, C-"gtto]
Lys%717F Bol &4, N-Zetol = A4 opnjistEo] wWol E4).

- Magainin-2 (MA)< a-helical amphiphathic structure®l] &3sfi= &+ HElo| =24 7+
2] o] 9] Z(skin) & ZHE 2] (Zasloff, 1987).

- &3t HEto]=9] a-helix x93 Alx=to] B E = w7hEFS Ft HEO]=9] a

—helixf-&o] FTAAM X A& o]F= "AHlipid bilayer)o] HF3l 8 pore TEE ion

N|

channelE P ggo2A WFHAdo] F7tste] Mxure] A2]4 ion gradient 3 & 9
A9le] gty sol o5t HFTAHORE A X7 APE (cell death)dt= 2Hg W7lUFoZ Hal
(Ganz et al, 1994).
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