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Abstract

To determine the concentration of lactoperoxidase (LPO), an indirect enzyme-linked immunosorbant assay
(ELISA) was developed. Anti-LPO egg yolk immunoglobulin (IgY) was transferred to egg yolk by immunizing
of Brown hens with LPO. The titer of purified anti-LPO IgY was 1: 520,000. The immunological response of
anti- LPO IgY with a-lactalbumin, B-lactoglobulin, casein and lysozyme were evaluated, resulting that the
anti-LPO IgY found to be a specific antibody toward LPO and no cross-reaction was observed against a
-lactalbumin, §-lactoglobulin, casein, and lysozyme in double immunodiffusion test and ELISA test. In indirect
ELISA method, coating concentration of LPO and dilution rate of anti-LPO IgY was 0.25ug/mL and 1:8,000
respectively. Sensitivity in the standard curve of LPO was ranged from 0.01 to lug/mL wusing anti-LPO IgY,
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Peroxidase = %H}Zi o2 AE, g ¥ ‘1"‘:‘% %"ﬂ it
o] P& EAHZE 289 peroxidase= FE §
AA B 7)%50] U7] Hiol AEA perox1dase9} TEH
lactoperoxidase(LPO)E = 1 ItHKim et al., 1996).

LPOE -+ 5 T2/t 430 mglE B2 Jo] §RHE &
A2A BAgEe] 77,500 dalton$! glycoprotein .2 & F-i-o
¥ sialic acid7} §1©] hexosamine¥Fe 2 FAIEW, F40] &
AL Bl F49R FHae] G4 e T Zhs] AR
3k, 7FEA] 80Tl A] 3% whell £84 ¥ ciJenness, 1982).

Aol e 60FF ©]4e] E(Farkey and Imafidon,
1995) & LPO%} alkaline phosphatase= @ol] T1tsle] $-8-¢
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Aol gk XA E AR o] &% o] ATH(Griffiths, 1986 ; Pelle-
grino et al., 1995).

Lactoperoxidase system(LPS)2 LPO, thiocyanate(SCN) 2
Frtskreag FAE Jlen A HAF R i
gA4E Jehm(Reiter, 1985), Al FE2 BRYoAMxz
LPS7} Sletx 2x¥ w} lch(Tenovuo, 1985).

LPS& Escherichia coli& 8¢ 23S AT e =
g 84S 7R W (Bjorck et al,, 1975) Staphylococcus aureus
o 22 a7 AT F4E 9AE & Aot (Kamau et
al,, 1990).

AF7HA e s BEAEA WRAE, 228G, oA
2 H B Tl AERESCR de] A8 HT AT
59 ke dis] EA7F A71=o] $hr)(Frazier, 1988;
Knekt et al,, 1999). #Zoll= o8] 7}x] 2] &) GRAS (gene-
rally recognized as safe)2A A}E-E < e HAREZA) 24
LPS7} ofl$- &3t Ao 2 De wit2} ven Hooydonk(1996)7}
B3dtn Qa, X Z(Bamshaw et al., 1989), R FEE
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kada et al.,, 1996), A)-8(Wolfson et al., 1994), S{Kennedy et
al, 2000) 5 4] Fo| JAFHE F3}7] 43 LPOE M7}
e A9 Bol FEI Jleng, AFd HrHE LPOS]
g e e o¢ F83ttm A€ Shin F
12001} A =3} 217k LPOE E7|d] TV AAkgl Zel=a
iid A E o] 8-3}e] ELISAE /W3t vl Qo) Aol A
L35 IgY A S o] 438l LPO =& 2438l ELISA
2 obF ATd wl gl

wE A= olu| RF A A& FA A HF A
L7 A B dAE A £ 1, TREE A
#arao] zto) 2 AjkerA Sl S iAW, B & AEeA] &
5 e Ago) givtn Btk Larsson et al, 1993).
ey obF 7] B g S e o 2 ARSEHL sley
(iassmann 5(1990)°l] 2]3}H T HFEY 9L XREE
ANET 7 HZ RN B & AEUHS Bold 53, W g
o] & AA-E rheumatoid factore] AR oz Fub
i aFo] Qle A FES dox HYEHE & o
talse- positive ¥F-g-0] dojuvt= AL WA E 7} 3lom =
%+ background®] 3718 ZAAE 4 vk Easta vk

E d3E LPO FHE 33 93 ATAE o]&3tod
LPOC T3t IgY A& A4t B2 FA G F Ao HIg
% B S AESG o o] F ©]831, enzyme-linked immu-
nosorbent assay(ELISAYY S 73l Aol

Mz § U

SAITE

LPO, casein, a-lactalbumin, B-lactoglobulin, lysozyme 2! Com-
plete Freund's adjuvante Sigma Chemical Co.(St. Louis, USA)
JlA FERHRLA, 71e Al 2R BAIE A olgele
534S AHgSTh

IgY &=l A&t

253% % Hy-line Brown AF&AE AH8-3le] LPO 500 pg
& A]d Adgo] = ¥ Complete Freund's adjuvant$} 43
o] 9HE immunogeng ¢ 71EZ&o| FAE F Incomplete
Freund's adjuvantE A}-8-3lad 59 €] booster FAMS Fig. 19
R FHE o2 AAE AL AR "HgATIE Bt UE
3 8ked 4T WPzl H@sIAA ARE3ITh

CHELOIA IgY B B2l W

Ao 2 2E o] anti-LPO IgY 34| & Akita®} Nakai(1992)
sbg] mahd Y lipoproteing A AT The 584 2
©2RE Pk

EUSA value(A 405nm)
>

Days

Fig. 1. Change of antibody level in hen egg yolk during the
immunization period. Level of lactoperoxidase anti-
body in egg yolk is expressed as ELISA value (405
nm) at 1:1,000 dilution using the lactoperoxidase as
antigen. The arrows indicate 0, 14, 21, 28, 56 and 63
days when chickens were injected with lacto-
peroxidase. Data are an average of duplicate mea-
surements. 1-3 : Subject chickens.

ELISA 2t

@3l S0l ol gA] H7te Lee 5(2000)0] AH-
g ELISA W& ozt wigsied &3 3tgict 50 mM car-
bonate buffer(pH 9.6)2 LPO & THlA S | po/mlLE 34
3t & 96 well polystyrene platedl] 100 L% £33}, 4T
A &5 x|} coatingA] 71T} PBST(phosphate buffered
saline, 0.05% Tween 20, pH 7.4)E 4% washingA|7] ¥ 2%
bovine serum albumin(BSA)7} 23HE 0.01 M PBS(pH 7.4)<
200pL ¥ 37CeolA 247t blockingdt ¥ PBSTZ 4%
washing A]Z1c}.

843t anti-LPO IgY 342 100 pL ¥1 374 1A1ZE
ur-e-3l T2 PBSTE 4% washingA] 71T}, Rabbit anti-chicken
IgG-alkaline phosphatase(Sigma, USA)E PBST<| 1:10002.2
3 AE AL 100 pL ¥ 37T 1A1ZE ¥EgAIZITE 1 &
PBSTZ 5% washing%l ¥ alkaline phosphatase(AP)2] 7]2 <]
p-nitropheny! phosphate&- 100 xL 931 37CellA 3083t vh&-
AlZl & 3 N NaOH 50 pL& 491 vH82 FEA &
ELISA reader(BIO-RAD, Model 550,USA) & ©] &3} 405 nm
oA Z+ welle] F3EE &7g8kod ELISA valueZ JERAR]
o

Indirect ELISA g

LPOE AFsl7] sl A}8-3)} indirect ELISA WHL
Clarke 5(1994) W< Izt A3t A3 50 mM
carbonate buffer(pH 9.6)2 LPOS FEEZ 96 well poly-
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styrene platec]] 100 xLA Wi 4T 35 WXl
coatingA| At} PBSTE 4¥ washingA|71 § 2% BSAV} 2§
¥ 10 mM PBS(pH 7.4) 200 pL ¥ 37CoA 243
blocking 3+ ¥ PBSTEZ 4% washingA]7ITth

8| X3} anti-LPO IgY &A1& 50 L} LPO @&l 50 uL
EE AR 50 pL ¥ 37CoHA 1AIZE ¥hg-3F T PBST=®
4 washing A}Z1t}. Rabbit anti-chicken IgG-AP(Sigma, USA)
2 PBSTY) 1:10002.2 FAFF RS 100 pL ¥ 31 37CAA
127} ¥k A 7it}, 1 ¥ PBSTE 5% washingd+ & APS] 7]
Q1 p-nitrophenyl phosphate-8- 100 pL ¥ 3L 37Col|A] 3083t
¥heA]71 ¥ 3N NaOH 50 pxL& ¥1 ¥he-S £8A7] oS
ELISA reader(BIO-RAD, Model 550, USA)S- ©]£-3}<3 405 nm
ol A Z}t welle] BT E =% 5lo] ELISA valueZ YERYR]
t}.
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Double immunodiffusionS Ouchterlony$} Nilsson(1978)<]
uh.S ok7k M3 3led PBSe) 1% agar(Difco, USA)S} 2%
polyethylene glycol(PEG: sigma, USA) 6002 7}8led T4 1
mm BE9 gel2 FAAZl th3 Punch(BIO-RAD, USA)E
Apgdte] A7 1.5~3 mme] 75& 3, 4 Y anti-LPO
Igy 34 =& LPOE ¥ FHHY LPO, casein, a-lactal-
bumin, B-lactoglobulin 2 lysozyme 5+ anti-LPO IgY &
E AL F 37CoAA sEE B AAAK F 0.5% Coo-
massie brilliant blue R-250(BIO-RAD, USA) &< o= a3}
ok

o 3l nF

LPOE WE 3via]e] 4Hg7|(Hy-line Brown)oA 42
Age] IgY A 9712 ELISAZ %33 Z3& Fig. 1
ehfigict 3ule] 2% 1247E A7 AT AlFst
AFA 1L 5644 H9] FAG7E B o) ke 29}
38 A9 704#)7F HolM T2 A9 I7E B =k
Lee (1999)0] lactoffering AFgAlo] HHAIZ = et &
= 3794 Hao IG1E B Ay B AHYe] AAE v
wa) B 20804 304 F= 2A H1 £Fe FA 97t
o EZ3lE ALo2 Aol E B Fr}. o] AHe A9
N 2k¢} immunization protocolel] W} xtol7} Y= Ao
A7) Aoz E lipoproteing ZHAAZ 584 £8
o 22E] 23 anti-LPO IgY 34 titerS ELISAZ 243
AFE Fig. 20] JeRIITh anti-LPO IgYQ] titers 3%
405 nmoll A 1:512,0002.24 ¥ @A & 9715 velde
o ol AFE Lee 5(1999)0] &AM 423 anti-

lactoferrin IgY titers} A2l U X gt}

AgA A A anti-LPO IgY &7} 8+l LPOS}
AR 2AEL] Al A% AIKFig. 3, 4) LPO Il
S 24 welld] ¥ anti-LPO IgY &S 3 welloj] 24)
g o2 848t double immunodiffusionS A A% Az}
(Fig. 3)& B9 147k B3 J3A & BdF3] 3L, anti-

3
o B

ELIRA value(A 40Gam)}
- &

3
(51

=1

1 2 4 8 18 2 & 128 % 512
1/Antibody dilution (10%)

Fig. 2. Titration curve of anti-lactoperoxidase IgY by
ELISA. The anti-lactoperoxidase IgY activity is
expressed as ELISA value (405nm). Data are an
average of duplicate measurements.

Fig. 3. Double immunodiffusion patten of anti-lacto-
peroxidase IgY against lactoperoxidase. Ag :
lactoperoxidase (1 mg/ml). 1~6 : anti-lactoperoxi-
dase IgY (double dilution from 1:1).

Fig. 4. Double immunodiffusion patten of lactoperoxidase
against anti-lactoperoxidase IgY. Ab : anti-lacto-
peroxidase IgY, 1-6 : lactoperoxidase concentration(l.
I mg/ml;, 2. 0.5 mg/ml; 3. 0.25 mg/ml; 4. 0.125
mg/ml; 5. 0.062 mg/ml; 6. 0.031 mg/ml)



IgY 3#) & ©]83 Lactoperoxidase

PO IgYEAE Z4] welld] Wil LPO 9L | mgmlL F
=5 28] s|MRi o R sl gto] W wellell @& ZZNFig.
e B 625 pg/ml7kA] 7o) F4ES E1d o+ A
ATk

Anti-LPO 1gY &Ale] Eo|AdE =23317] 98] ELISA®}
o] &-3}] a-lactalbumin, B-lactog-
lobulin, casein 2 lysozyme®l] EH?_?} wapke-g 233 s
Fig. 5, 60 YFERRQITE ELISA HPE ol A& anti-LPO IgY &)
= @A LPOS} ¥H8-& 3t b2 Tl a-lactalbumin, B
‘-lactoglobulm, casein @ lysozymed}l= mAuH-g-S x| &
Ykt Double diffusion®] 73-$-% LPO 500 pg/mL 2 250 »g/mL
op AZEe-E JERou Zb7 500 pg/mlA E3t a
Jactalbumin, B-lactoglobulin, casein X lysozymeo) thejrle
A7Nbgg vehi] gskeh 2 d3ellA A4HEE anti-LPO

Double immunodiffusionS-

ELISA viaus(A 405am)
o

0 e i
1 2 4 8 16 2 64 8 X6 B1R 1024
1/Antobody dilution(10%)

Fig. 5. Comparison of cross-reaction on the binding of
antigen to anti-lactoperoxidase IgY. The anti-
lactoperoxidase IgY activity is expressed as ELISA
value (405 nm). Data are an average of duplicate

lactoperoxidase, B-Lg : B-lacto-

: g-lactalbumin, Ly :

measurements. LP :
globulin, a-La
:casein.

lysozyme, Ca

Fig. 6. Double immunodiffusion patten of antigens against
anti-lactoperoxidase IgY. Ab : anti-lactoperoxidase
IgY 1 : lactoperoxidase (500 ug/mLl), 2 : lactoperoxi-
dase(250 ug/mL), 3 : a-Lactalbumin(500 ug/mL), 4 : B
-Lactoglobulin(500 ug/mL), 5 : Casein(500 ug/mL), 6
: Lysozyme(500 ug/mL).
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IgY A= ELISA®} double immunodiffusion W ol
-lactalbumin, B-lactoglobulin, casein 2 lysozyme¥} wajuk-g-
314 e HolAdel =& ARl Foz YRt

LPOS % #F&l7] 213t indirect ELISA Whle] 27-& 7]
28] LPO2] coating 52} 2rehA oA A4+t anti-LPO IgY
FA o AN sxE £33 Aotk LPOS] coating TZE
0.05 wgmLZRE] 1 pgmL7tA De]dhe] anti-LPO IgY %
A 3|28 v w3 Z o)t} Fig. 7oA] coating ‘5% lug/
mLE 7)|FECZ &4 coating FE9 A W] w2}
405nmol] Ve ELISA k& AbtiA o 2 v wal B coating
l’:_‘x:J} 025 pgmlLd W 32 coating FEHTE JUF g

& ELISA 3t& B¥on =31 256,0008) 2 A& 54 A
ELISA%k— Bl wx 025 pgmLE coatingdt 727}
0.05 pg/mL3} 0.1 pg/mLE coatingdl A3} v]Lgt 5] ©
& ELISA & Jeligith ol ZA3e 025 pg/mlz
coating 3+ Zo] 1 pg/mL3} 0.5 pg/mLE coatingdt ZHT}H
MSo)H Aol A& AL lulgtin 2.

Sauers} Foulkes(1985)0ﬂ ol WoEMe ¥
ARz Ao} o] FeAgo] AEFAE |
AgkE Fu2 A7t HAnkgol v1X)E= noise factore} non
specific WHg-& Zol7] faiXe FAs=s} Ydvmd o
2 avidity majslor dtln stk B AFo]A indirect
ELISAoﬂ/ﬂ coatingdt= FYEEE A9 vhg-8l= avidity

2 2 o LPO2] coating £57} 025 pg/mLojA HlEo]x 2
Gl AoWA WA £E LETHE THE 4+ Aok
AyzZtEt.

Fig. 82 Microtiter plateof] 025 pg/mlel PO FEZ
coating 8+ ¥ ¥ F LPO TEE =7435}7] ¥&l anti-LPO IgY
g 3|2 wWl4Z 1:4,0005€] 1:32,0007+%] Z2]3t] Indirect
ELISA ZX& ¥w3t 23} LPOFE7} 0.01 ngmL¥E 10
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Fig. 7. Comparison of anti-lactoperoxidase IgY dilution
curve with various amount of lactoperoxidase
coated to the microtiter plate by indirect ELISA.
ELISA value is measured at 405 nm. Data are an
average of duplicate measurements.
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Fig. 8. Comparison of standard curve for the assay of
lactoperoxidase by indirect ELISA using various
concentration of anti-lactoperoxidase IgY . ELISA
value is measured at 405 nm. Data are an average of
duplicate measurements.

ng/mL7EA = 4787 4 2% 405 nmol| 4] v]<=38t ELISA 3t
< Yelyot LPO %7} 10 ng/mLE-E] ELISA 3ko] 74
HEA F4& veillz ok 4711] Al e A
oA 10 pg/mLe] LPOEEE 7|50 2 vehd ELISA g2
vl5wa] B 1:4,0009] -9 0.291H) wka) 1:8,0002 0.080]
™, 1:16,0007 1:32,000& 0.067} 0052 JElGT}. o|Ae
1:4000u0 2] A 3] & A7} 1:8,000004 2 A
R} 2.58) o)A & ELISA 32 Ho] & 81 1:16,0002
1:32,0000 = 3|43 FAol| A e ELISA g2 A9 H]
=% £E2 Y ok ©9-7] 1:4,00080 2 FA S 34
3t A9 8] Eo)& Ajle] W ELISA Zto| 0.182 =7 e}
stot 1:8,000802] A 354 Z 9 B]5o]d Ao ELISA
el HE2 0,052 v AA Ve AMEE 2ol 1:4,0006)
2 ZAE M3 FHEG 1:8,00081 2 FAE S|4 24
©] nonspecific bindinge] H o2 2 LPOE A3l 1 3
T3 Aoz AZET. BEIAE 4 Al LPO 5% 4
FAFE = sloped] ZAFENE tslr] A& 0.01 pg/ml
HE 1 pg/ml7Ax] Jebd BT ELISA g9l xlol & &4 =
EE 1:8000, 1:16,000 2 1:32,0008] & 343+ ZMojx] BH
7Yz} 1.206, 0.808 2 0.5492 JENSITE o] & 71 A7) &
71871 2= AL 1:8,0000.2 A S 3|48 ZTHo|th w
2} A2 1:30008) = 3] A% 20| 1:16,00081 9} 1:32000
HE A% FHAED © AAE e 718718 Za 9o
LPO %5 A% A 234 ELISA gl ot o 9723844
LPO2] = A0)E& 23E + ttm Y=t
De Ceuninck 5{(2001)e] &J3ld WMo &34 A=
E2FHA zero binding Al B FFE oA -2 SD
(Standard deviation)3} to] & FEdA ¥ FH=o
Bkl + 2 SDE 3 3k} v A overlap A ¥ B
B FZ3AA detection limit2 AABTIT 3R 2 A

TEAAFE]A] A 248 A 235(2004)

ELISA valueis 406am)

0.01 0.1 1 10
Lactoperoxidase(ug/ml)

Fig. 9. Standard curve for the assay of lactoperoxidase by
indirect ELISA using anti-lactoperoxidase IgY (
1:8,000) and coating concentration of lactopero-
xidase (0.25 pg/ml). ELISA value is measured at
405 nm. Data are an average of duplicate
measurements.

oA 1:80000.2 3]43F A A zero bindingr] EHH
ELISA zte] #aol REHAES 2813 342 1.464+0.0580] 0,
LPO 0.01 pzg/mLolx Z3F 3 ELISA #ol EFHAE
28%t gk 1.367£0.0312 YEhd RS m#{s ¥ LPO ¥
9] detection limite= 0.01 pg/mLZ 2R AT} walA] Fig 9
= LPOZ 025 pg/ml 5 pgmLE coating 3+1 anti-LPO IgY
A FEE 1:8,00002 M3 HAG o] &sld LPO 55 &
Z2% 4 9lE Indirect ELISA Wi o2 RTINS 243
ROZ o] FF FAE ©|83t LPOE 001 pg/mLYE |
pgml7tal 57 & 4= 9ich Shin £(2001)2 A= Azt
LPOS A 2% F E7|o FAFetd A& polycional &3 &
o]-8-3td ELISAS /I3t & vHE E334-& LPOE 0.005
pgmLFE 1 pgml7tA] S E ¢ vk BEustn glch
og7lel HFo] B u AAe] A@olM E2¥E  ant-
lactoperoxidase IgY A& o] &3 73-¢+x A E7|9 A
£ o] &3 Z59 ¥} PIEE 2= ELISA ¥Wyolgln
A2+ o). De Ceuninck 5(2001)e] o8t A 47]o A £e
& IgY A S o]-8-3le] 100,000u}2]2] guinea pig & ool
YKL-40 (cartilage gp- 39)2 A3}t AlLE 4= glow T
o AL g YYoE & WAL S vediti Rt
ol Jenness(1982)cl]  9JstH ¥ FioM  EE
lactoperoxidase® %2} LPOE %S antibovine LPOZ
immunodiffusiong A A8t 23} /2] LPOLE Alo]7} gl
On 2ug e vFo B o B =24 AYAH
anti-Lactoperoxidase IgY 34| 2 %3t 4] 9 9l& LPO
el ol £ + Y& Aoz A welA o]
FollA dahe] A E o] &3t L7t Indirect ELISA
Mo g% E7]9] 3& 0|83 ELISA #i# A9 H|&:
T4 LPOY] F=E FF3ted AR F e 7Fs

oL rfe
e

e



IgY A& o] 83 Lactoperoxidase

Aol 9o, o] indirect ELISAYH-& 2] & 2-83}7] 93]
e FY B2 A7) 2e3itn QztEn
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Lactoperoxidase(LPOYE %28 =33}l7] Y3t ELISAE
7] g8 LPOR HAAIZ] Z2A AbgtAle] Al 3
¥ anti-LPO IgY A& 22l FA sk, ¥2¥ anti-LPO
IgY 8o Eo}Ad-8 ELISA ¢ double immunodiffusion 2
o2 zAFgH ¥ indirect ELISA W& ] 8% 2348 7
Eqth. 2AAE anti-LPO IgY 3+4]9] titer:s 1:520,0000]
o, FLISA¢} double immunodiffusion HPE 254 a-lactal-
bumin, B-lactoglobulin, casein % lysozymed} 1= mx}uk-2-2-
g4 @3l LPOYE ¥& BoldE e A= vgyth
Indirect ELISAHFE o] 4] LPO2] coating 5=+ 0.25 zg/mLo]
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A 7= ¥MYE 001~ ggmLzE VeI
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