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2 o)Ekujeigle] BHEI F4 GA4HE, SUARH xdolA wi¢ F
a35im, AlRo] R vlElNY 42 AR BE&S FAAIEH Uy
#o|tt,

Lt fAE, SAFE 5 F4dEolu 2 sHEEed A18E daehgd
o] AhHe AP}, &AM, SIS-PAGE, BEEY 5o WHeEs &
Hesith. E3, {71 EFCl BU/HE AR IR v SF Al o
%, Ag, o ehgze] gRkEAo] FujelA HilE e glA] ot O
Ay el =¢lo] Hasith fUtEEolv SI3EF EAH 4RE
AHEBHA] AL fERE Kol FE, AulAe] ZAF mE st
Al gAY HAE Aste 2ol Hrl

th #Z dE2U8A 42 FUsta gle
W] glQlo] EE G E7of t]-gste] 1 dUdEH (allergen)?] EHF
BE 48 £ 9 o] Hilsolof <27 AY Aol& 2HH +
och, F& gHEAOEA F, AR, $/E E 5 dch

Zh. YERHET §Yo] ¢43 IAZY §5& BN fstodE
Bat @ /§5 A2yl ¥yl olgd, Y ¥ES (£YF)S N
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| BAEW oY | 9 AEy | 9 aEd | 2 ENNE
™ g ks 7N
ELISA Biotin, Vit. | i%, $+, =H=A], ), 28 Myosin
D, Pantothenic |A|gte] w3 | 4o Sehild| (HA=R)
acid-
EPRA’ Biotin
Comet <2 3DNA
assay (E4E)

*EPBA: enzyme protein binding assay

C2. H9
+ 2 a7AwE=E A77hs 2 A9
*H]E}Y] Biotin®] 21548 |-Biotin?} ELISA system &€l
N -Biotin®] PBA system el
12} el Frbalde] A Jpd - Euwae Fe
d= -t SFehad o) ELISA system gl
ESe) gy AW |ESoidy He
(1996) I-=S kg o] ELISA system &l
TMyosinlAdE EH o) -Myosin fragmento] tht StAjAAt
213t 3]1%—% ":}%B“ el |-Myosing] ELISA system 3}%
#¥]E}ql Pantothenic acid |-Pantothenic acid®] ELISA
AlEA Y 7R system &g
.22} oA B3l ")
FE hesumue paw u | Sauuue By
“fehuAel Bish o
(1997) |x A S2] 218y g -ﬁl%‘ﬂ"ﬂiﬁiﬁ |
-AS T o] ELISA gl
‘|%Comet assay?] ¥l -Myosing] WA E &3 H 7
-rYSIbE S 9% JIER] AR
wuTERl Dol ANy A4 |u[efal D2] Solahl At
‘ , -djetgl D2] ELISA system &l
A AR L] A& Y |-A g o] 3k agat
e -Algtehw o] ELISA system 3]
ko-5e) AEY AW [SEehade Bo)
(1998) -2-gchal ol ELISA system E&l
*ELISA & Com et assay -USe] DNASA S 3hg
o 9 +Uge wa |-EgAdd £9% wes Bt




V. a77dZ =t

1. ml= wjepRle] 24y Ay
7}, Biotin®] 18- 7y
ANEE 0]&] 7}¥ (biospecific method)& ©]£%}t biotin (®]E} H)
o] A& 7 BEMYE Usty] %t TAHYEHH (enzyme-linked
immunosorbent assay: ELISA)Z} FA-vhilAZIEAY  (enzyme protein
binding assay; EPBA)& &l3}9it}. Keyhole limpet hemocyanin (KLH)S
carrier protein®® ¥} biotin-KLH conjugated A R3}o] Freund’'s
adjuvant®} HEISS e T E7lo] Hdsle] 3 biotin ¥EHEL 49
th o] WAL bioting] 4-A HIEFHIQ biocytine] Thate] 177¢] mx}
KXol o desthiobiotin & diamminobiotin, 2-iminobiotin S¢
e A=A s Zapikgo] dojitr] ¢ko} Bolio] & ZALoZ LE}
wth AT A o] &3lo] ZFHol &J¥ #H33 ELISA (competitive
direct ELISA; cdELISA)E biotin& E43l7] #I3t 2AL Fyslgch
Biotin®] Z&W¢lE 0.01 - 300 ng/ml (ppb)Z Bl Y M =
£ 53 + odden ZSAEE 0.0l ng/mlZ vf-¢ A Uelda £4
J7F& oF 1,5 xl7Zto]git}. Streptabidin?} biotin-KLH, biotin-LC-BSAE
o]-&3}o] bioting &3t EPBAY] EM2AE #F3} 3idrt.  ol&d
2]%t EPBAS] -9 biocytinoll thd§A] z}zb 109%, 197%, 300%2] ZXpt-S-&
Boleon tlE fEAe tisias A vE-gstA] ittt Biotin EE
Z oA o]E2] A& W streptavidine] 21§ £4x] 0.01 - 30 ng/ml
2 ¥lz3d Yol biotin-KLH} biotin-LC-BSASjME BT 0.01 - 1.0
ng/ml (ppb)8] ZEHHUE ULIElW F4AIZE2 ¢F 1.5 A|Zbojglct. 3t
71&9] EAubhiel njABE EAY (microbiological assay: MBA)oJAle] 2
299t 0.1 - 0.5 ng/ml (ppb) 2 EMWelsl ul$ A3tgle] glaizn A
7125 0.1 ng/mlE 8] A ukglrl,  EFE biocyting]o] desthiobiotin

il



% e fEAo) tEiAE AFuEE Bol ZtZ} 80.1%, 66.7%2] LA
$88 Vel BEAA7RE ¢f 48 A|7rolgit), un]AE By} ELISA ©
EPBA (streptavidin)o] 2]%} o] AlZE9] biotin¥arS HF st 7
o] A$ zZtzte] WFEAMXE= 32,20, 35.90, 32.10 ng/mlolglom IAUE
gol3oj e zHzt 9.35, 16.5, 12.2 ng/g, W-IRIGGE FaoldE
8.6, 15.2, 11.0 ng/ml & 2}zl v}e}ytch.  ELISA @ EPBAo] £]3ted biotin
o] EM3$ge 7 Az, 7Y BS BLH4ES 4 107.6%
96.6%01Q1on A Eo|AoM 76.7%, 73.4%] B 4E&E RHoen, T
Z-3RI)E FAE T71.1%, 69.2%2 UEluth EI 2Zb Age] tfE
cdELISA @ EPBA(streptavidin)®] HXMXE n]BE EAHo] 2§ 4%
¢} wlmdly 3 ABASE cdELISAY] F9$ r=0.992, EPBA
(streptavidin)®] Z-¢ r=0.979% &2 A#BJAT} A= ZOE eyt
o| 4z} zho], ELISAS} EPBAo] 2|3t bioting] £ 7|&2] u]¥E &4
Hof ulslel A&7, AEAIZ, ZxpEE 5 HolAd 94351y, s
A tie) ABE Bl £47Msd R E JElyith

L1}. Pantothenic acid?] A1 7y
Bromoacethyl chlorideo] 3}3\_1; wH o g FH|¥F pantothenic
acid-BSA (PA-Br-BSA)E w3t 7|8 HE pantothenic acide] tis] &
ooz AYSH: ¥Ypantothenic acid VEFE Aidigich =T,
periodate oxidaton o] ¢]3}o] pantothenic acid-BSA (PA-Po-BSA)E
Fu]3la o8 2YE YU E ALt UL IHT F =1
BSA2] Zx|3}ol| A} pantothenic acid®} ZA¥AlF|E= WAle] 743
(competitive indirect ELISA: ciELISA)E ##ls}ddct O EEIX0EH
B ASNAE lugmidd ¢ 4 dglen Bo|3lAE pantothenic acide]
Z4]Ql . pantoyllactine, pantethine, pantothenyl alcohol, Acetyl CoA

s
Tl ulgAo] ¢lo], Eolio] ml$ %A pantothenic acid?] Z&o] 7}
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Aot way A AR AAE RYch

Ak, A, 2+
pantothenic acid & ELISAR FA3sl1 1 ZAIE MBA EAx9} vz

stelg wl, Al £ BY 48 47 109% W 642

R
El
o%

=
stgout Rel B9 ELISAZTZL MBAR el wlslel 1007l wE 4
A& UGt ol AEe] 244 AW flg AW Eiof AE
sl @& Azt Andde Bl o3 YA pEoE A7y

ok mebd, AAE3 §9E O % sl ELISAE Pstgoy, o %
Tole EEFAYE HEUEHSE slolut B0l Bl Ex71 ool

He=e] o] 27Fct,

th BlElRD D] Al@Ay g

HIEFRID,2} HIEFRIDs: steroidiio] FEFZE 3 glon,
ergosterol-2 H|E}RIDE] HIAME (provitamin D)EA UVE

HEIRIDE HHAEEZ, ergosterold A|ZEAZT 3o UL =
Kk iy

3ttt &, ergosterol?] 22¥ EIA$]X|E aldehyde® A7) 3 o)
& ethylenediamine2} B}-$-Al# aminoZ] & H&A|7l & WA @ o

M2 Z BAJY Vit.DY haptenX| 2] & BRI T}. WSC (water soluble
carbodiimide) ¥ 2 E hapten?] amino7] &} carrier protein¢l BSAZ2]
carboxyl 71 & ZA¥AH ‘:ﬁQ‘]ﬂO H] E}ZID-BSA conjugate® Fu|3}el
‘Th. W4 5004g& Freund’'s complete adjuvant (FCA)$} Eakn|g =%}
St fEfE vhEo] E7] siuulelol niey 1ml# 3)s}Falsigict 23
Y F FCAth4l Freund’s incomplete adjuvant (FIA)E A}&3lo] &7} WA
< AAJslgint. WY 137Y ¥, E7Y AFWoz Ry AYsie JPY S
T3t A8 9r7He WA ELISAC] o8] Fgslgen), 1 Az

iy



atel WY F] YAIIE HolH LS Hasidch e, AR FA=
o¢lel Vit.D-BSAe] tsle] wrgstAx|Rl, A ZE haptendl Vit.Dej ci
of Whgala] eho] AL ELISA (ciELISA)eld wsizich =, 3
&g Eol3kal W Vit.D-HRP conjugate® ©]&3%F ZH7J ELISA
(cdELISA) ol M= BaAdE Holx] ¢dgith ol& oints HPPLE ALE
gt conjugates] EA|7} glolA] A O Z carrier proteing] BSAe] cigl
A7 wol AAIEQ T, 38Hs haptend] Vit.Dol HolZel A7t A4t
=z e Aeog F&Hch uwlebd, hapten] A FE ThA] At 7
A2l eA e} 12N Hsta gk

2. ¥R e FA4y A

7h. ciFeby e Ay i
AEZ tiEehige] Bog 913 sAUAEYY (ELISA)E 7idst
g, oo erAY riFErhwAe] Fo3PEe Il 11S acidic
subunits (11S.AS)E nl¥iA cjSFBus He Restact E3, 3
£3)A17 B o) FEe (ISP)& SAARSII, ojEE HAYoeE st ¥
A S Aabstgrh. Pargt o FRHY ¥A [F11S.AS¥A|, HISP/SDSY
Al,  ISP(-ME)Al, ¥SP/ureaBAE o] &3l AHABY  ELISA
(ciELISA)S] 2AL y3la, olE A viFuhye ojt w3dE
zApstedh, I Azb ¥11S.AS PAE o] -8 ciELISAV} 713 GEY A
Z=E Uehigen, EZIAAM EeoiFEehy (IsP)e] HEWAE
0.3ug/mlolgich. &HiS-ASEA] tiE whlAzte] axpitge AEY 4
2}, "R ERe} R (N)oll thste] ZkZh 0.6, 0.3%71%re] m]efyt g
A& Rooy iR ziovalbumin (0A)o] thdteie As wEg3HAl ok
th. ISPE EH4317] 213t A|EA e Urea-DITE ©] &% 71-&3}, 100°Ce]
A 1A 2t 71, renaturation?] W& AT o] 2AJIOA FolF
A7t A48t ISP AgrEAd (60 -90°C)-2 uf-¢- FEstdct. ISPE 0.5

iy



- 3wETIsle] AlPARY 2AXY PP EMIs-ES BT 8% (CV.,
%) 2 Uehd, £ Aol Apdet ol fehdd ENYLS gEH] wUHA
th g AR 4Az] 6o HRH ISP S B 12752 LEY

o= 1

L5 ko] 7153 o £9UACt. esl-caseino] 2] FrhyAo] tjgt
Solgale] W& RA Az}, Ao tidlels w2 UEEE B
o1} B-caseinz}t WPIo| cislel: 1/1,0007he] W& whg8& RHo
BSA, a-lactoglobulin, B-lactogloulin, &2[t]F¥h¥(ISP)o] tiis}ed
1+25)x] ¢to} @sl-caseino] Th3t Bo]Ao] mle S35t 8kH|7} AAE
2& Felstelrl ELISAY] AEUEE G

UstaAl gAe] BA @ PA-HL AYEL F6]5le] sandwich ELISAZ
syt oJ7lolA asl-casein®] A&3AE 0.0lug/mlE wlg F53
Qth Sandwich ELISAZ 0|88t Al§, RI2E B§ 5 A829 d

sl-caseing BT 4, AFRAEF ARol thste] asl-caseing

i

fd

o
¥ fr

Folal Hrt A& wHe

4

Mg A3}, Aol 3.3%7to 2 el ZlchA (1.3%) Bt A UE
gdon, BFQTEENANE oo FARE ZHE Ky, A ofFEE

olME 0.5%% eyt 2WA ARl tidte] B4 A, "AIERol
o} 3uz VeI o] ALox IR 15Kt wA e}t ISP,
WPI, thg&-8olrME Z4zh 0.08, 0.03, 0.09%= Lleluich ulels, o 5
8 {AEARoJA asl-casein®] ELISARM A7} 2 -3 u} &4 Yehts
EYxe FE&ehdAz A8 e g3x zloloA Jlddte vyt 2
Ao AAFH olg Ad¥ et gl HHI} F AR «a

X
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sl-caseingelg A715ta ELISAZ WY Az}, H/RE F-Eol T 243
&2 1 - 1wsx HelvolA B3 1042 Uelu Z23HaTh

th. Agehdde] 4y sy

AEZ ADhgde] 248 98 T4E95FY (ELISA)E Adst

gt chEFQ Agehwae el eHRIE (ME do &3 &
Tt ohlgl deEAoE odulx gJorg o]E Freund's adjuvante} T
E7lo] said HAdst] FPH L Ak ol FE FAY Fo|¥AE
o] &3}o] 7+HAFELISA (ciELISA)S] ZZAE Faelslgich I EFZ4 o]
A oMl AZTELE 0.03ug/mlolgit), T}E whadate] axpibgE AE
Az, UREm (0VA), ©AF, M (N)ol tiste) Zb7 0.4, 0.2,
0.04%2) W14 L Koo} fdchual (Wpl)et chFehya (ISP) Eof cf
stoj A3 ukEsix] ol HoustA|e] FHoldo] Fsiolrt. EIF M2
dergado] e £535ted oM 60°C - 90°ColA 1083t HEF ciELISAZ
B 90%2 Z HEIE gtk ol ol mig EMEI

7

%

tjzFolglr}t, e 0.5 - 3xFIste] AlPA R

__IO_
Fushtel 42 SUg YASAD VAU F WY cibLISAR
Aol TiR WATRE 2SS W 2 BASEES 22 1086s) 127v0]

gt weka, 2 Aol /LT ELISAE Aehyde] FAUSE BE
et AL 2 TN
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PolA, WA 484 L A84 WU vla BAY F Bue)
230e A 448 A48T Z9 T Yo| WolAA T, SDS-PAGES

ot Bz, whalde] A 54 RSt @A e BEY

olch. EZ 75ColA 308 tEAE & + %
o]§t ¥o] gy HE2E Exst Y& Zo] FUFe], 714
E 43l0] Ax ddg ¥ BIYAE Adsiddct wirtd @ AFA(T
/158) $24 =gtz 1004g/mlE 1004£L/wellE coating¥t ¥
s} dg 74z} 1:1,000 1:2,000, 1:4,000, 1:8,000, 1:16,000, 1:32,000.2
2 34ste] 1 Q75 ELISAZAPY (Screeinglh) & A AISte] &3 A3,
1:32,0002.2 343t ¥He] AL, 0.D 405mmolA 7HEES 0.20]4, H|
7td ES 0.07& Jehigich ES2te] ZE-golAl 0.01ut/wellol A 73
o] Al&EIglom, 1 ojie RN FHF o Uit A4St SlE
ol #elxlo], £ o] o3 wEI ES EUUA L £85I FolF
oz Agstn g YA dol UFHMTE U, 5, AS, HaS,
AWzS, 28, E7|&, ISP, 121 Azrehidae Ae Fio] U4
512 ¢t Zo] FQIE|gith. uwhahr iELISAS] &3] ZstA g ¢

ALL ES BN ol vBolF oy kg, ol3t H|FojH vyt
2 B Ao o}Fd dyg FA 4t o= Ushyrh J1d &
thil g o]&3lo] ciELISAE AlAld Zz}, u7tdge] Aol fAHA
UEelgten, o] ciELISAY] o8 SEHE 59 =SS

Zol el gt %EF 100%=S JfdEQ A

o
H
of.

i

a
3 fo

o
R
e

l

O

O
= =

X
[
ot
H
44 Y

1.0% SDSE o] &3lo] &3 F, 75C/158 7t F 24T Udd
Mg o] g3lo] ciELISAE AANT A, E$& HFY £ U5 7Y
bootebd 2 Aol s AiE ES SolHel FAE o] &3to]

Sul
32
X
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L ALY AEy g
Z B2 0.85% NaCl, 0.5% SDS, 12]3L 0.5% Triton X-100& ©|-&3}
o] Age] &L v\ BT A3, FHRpANE JIETe 19.2,
9] 17.4, tie]H-¢| 18.8ug/g proteino] F+&E gl om,
ol glaler, SDS-PAGES] 2J3t Moz F9E 5 !
=] ol = FELulo] wE FFH 5oy FEZ HEEA Yot

WA olgstel £ A7E UAALh FF

o] HelxElgrt. EF AS, 3¢S, ES, ¥ ISPE

7tdgt ¥, 15,000rpml E 15627 JAE 3] dHEH BES o831
AAgE Az}, w7tES

o]-€35to] ciELISAE AAJgt A3}, 0.05u/welld] AS

[t

-



ol A% 107 AE2H Z EAEL e ALE Ag¥n. sMd §
Tl g o] &3t} ciELISAE MAIR Az}, u|7ld A{ETE e B
& UEMIgen, ol ¥do® 7Y AS ZEE A&y wfEolgt
Atei gt E vzt &3 W E AS SHAE 2 gYeE vid
& AEHOEN wapEge] AL gle Ao Ueiyton, I o]
olF wiAEI= A WA e Zo| HAUE], AL HEyuA
o] &3t ciELISAOIAM Al%2] HFL FE3] 7tsY o= FHelF

ftlo

¢

A &+ AS LAAE 0.5% SISE o] §3te] F&£% F, IELISAE
A&t A3, 97 vistd AR} oF 5067 A% el o), iELISAY) £
SE8 FE7MsT 92 V], 2 A7 o3 AEH AL H

3
YAE AP EHN SEYE, E= SHEZFo] U = A%e A
BHoE FAY 4 A o] =l AS BYUNE o] §3lol
Dot blottingg AAIZt A3}, 42| AEYUAL lug/vello]glon, ol
T RAEAEE ALY ol ohiste] E&Folgr). U, oy AE
Z=E ELISAG H]slo] ml$ wte Zlolx|ul, EAe] kg o A
Mg 27 Z9 2ET Fep=el gu=dh 2B £EHI 9

o

MU AR (5 90.14%), E-1710(AlS 28.89%, FHZ 31.44%), g

- 14 -



AMZ FUsHA H&H ATt

E HdFEgen, of

19.3kDaS SDS-PAGEM o8 A3} Az}

100CE 7jg&

<]

& Yehlglct

o
&

27.6%2] 3]

ok
=

<

[e]
o
£%

le Aeg Uetych
hikgol ¢
Fga el By

E 9% 100TolA 30 71

SDS-PAGEE. £A43} A3}, 19.3kDao] ol uf-¢ #3t

ZoZ LElyth
Ao g et 100T/3087 714

H o
wE

.

AA Ezle] B3 F(lug/3), ELISAE o] &3l I H971E ZHAAbstelcth

3 Az}, 7t 982 urte PR AANHOR 52 9IIE UEY

o, 1:32,0008] FAu|EoAME 0.3°]42] 0.D.gk& Uehich
glal ARk e ciELISAE AAIY 23, 52 0. 1mg/velloA 55

ol lx] ¢t= Aow =g} 7id

78% A7 sl

=
—_

[+

T A3, wiztd S AR StA dojutn

AL

Zol &= o, vrtdSe] At FABHA Uehulth miela] £ o

N

4
=

¥

T
L4

144 FAE ol B Kite)

ML= 7Msstelet Al Dot blottingg o] &3t a4 £%
A3 A3 oF 10ug/wellolglon, =
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P

§2 AL o weon, F27 n¢ Yot 553t
Aehsl 22, u] & ELISAS] ZAEAERT} uf¢ W ¢FEo|XT 2
A-E8E LY ulf, Dot blotting2 I o] A7l nf-¢ IAm, VA&

& 23 "& Kitd] AMEE Hestelet A€k

4. #94% 3l A E47e Y
7}, ELISAE o] &%t FAA ]S shaye] /iy

' 2 myosin ¥ myosin®] S-1, light meromyosin(LMM) subfragment
E &l BAslaL ol AZe] oyt FAE Aaste] Hy™ ELISA 230l
whet EA% A3 7 FA= vl ool witen IH4gx ule
stgdct. o] g ulel 52 ¥R A FAA wE HWAEEE X
Az, myosinZt IMME] H-AA Ao w}E W A2 (immunoreactivity )
27120l el wet Fal ZA4ste FHE RoFoded 53] e
AL7 FegA SAAR ZF2] WMol FElight meromyosin(LMM) E-Hof
A dAEA glchs & RAFch FAAYREE -20CY A7t 7t
B AT bgd HsE Zesiolct. ¥H 53 AEE UHEE Fes
myosin, S-1, IMM 27 Hut-g-de] Wisst wje A Ueigen F47]
Ztoll whE W3jof wlsl] o A3 ZAFLE Bt WA Ao ¥
myosin Ex}e] HHEd W= 159 AR7L T owT FAEE HAH
A Ao EA £ AFolA AR TAF (24X AdEE AR HF)E
&2 AN 4 Qv wetE gt o]eh o] HiH W& uhel
FaARE FUT U8 52 Aol A4E EAT A3, AR 3
B3R T 2AlA @2 & UKl viastols o £US At
SHAARZRE A RS FEARY 712 AER 5o oy FHo] 7t
el @ol AXEHRE U5 hHH S Y] ELISAHS S8 28
B 7tsd& vehiglen, Rt FAAA E4 23 & HPYsI Bt ¥

>

I}
L8

9] 3& $U% AR thsle] blind testE $3ste AT E S

4

L.
L
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goto] PR A8 + U EPEE HYY 5 g HeE ¥d
=

st

L, AZAZ INAEA Z3E 213 Comet assayd 2] 7
Comet assay $3%hd % 753 2EE W33 B3 243
A GAg Eeg ¥ 3484

zZAsoA A8 (neutral lysis2} neutral
electrophoresis)& 3t= 7o) 3 zAYL FAsigdot ¢4 5 A&
o

o] Wk 2]3t DNA &AM 3712 253U DA o] FHYL F7HE
Uehitisl 3¢ o] el @ntat F7HE vehlgled, £3%53E o
oFgt BEE Uehldrh 5A7130) whet vehte &4 B9 $4A
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SUMMARY

1. Development of Systems for the Detection of Trace Vitamins
A. Biotin

In order to develop biospecific methods for more rapid and
reproducible analysis of biotin, which is known as vitamin H, the
conditions for enzyme-linked immunosorbent assay (ELISA) and
enzyme-protein binding assay (EPBA) were established. Anti-biotin
anti-serum was obtained from immunized rabbits injected with
emulsion of biotin-KILH conjugate and Freund's adjuvant. The
anti-serum showed cross-reactivity on biocytin, a derivative of
biotin, at the rate of 177%, but not on other derivatives such as
desthiobiotin, diaminobiotin, 2-imino-biotin. Specific antibody for
hiotin was purified from the anli-serum through protein A column
and desalting column. The conditions of competitive direct ELISA
(cdELISA) were established. Detéction range of biotin concentration
by ¢dELISA was 0.01-300 ng/mi(ppb). It took 1.5 hr to analyze
biotin by cdELISA. The conditions of EPBA were established with
streptavidin, biotin—-KI.LH and biotin-LC-BSA. The three conjugates
showed cross-reactivities on biocytin at the rate of 109%, 197%
and 300%, respectively, but not on other derivatives. Detection
ranges of biotin concentration by EPBA with three conjugates were
0.01 - 30 ng/ml, 0.01 - 1.0 ng/ml, and 0.01 - 1.0 ng/mi(pph),
respectively. It took 1.5 hr to analyze biotin by EPBA. Detection
of biotin by microbiological assay (MBA), a traditional method of
analysis of biotin, was rather restricted in range and nonspecific.

It showed cross-reactivities on biocytin and desthicbiotin at the
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rate of 80.1% and 66.7%, respectively. Detection range of biotin
concentration by MBA was 0.1 - 0.5 ng/ml(ppb). It took 48 hr to
analyze biotin by MBA. Concentrations of biotin in some foods
were - analyzed by the established biospecific methods. The mean
concentrations  of biotin  detected by MBA, ELISA and EPBA
(streptavidin) were 32.2, 35.9, 32.1 ng/ml in milk, 9.35, 16.5, 12.2
ng/g in fruit flake, 8.6, 15.2, 11.0 ng/ml’ in pine-carrot juice. In
the spike test, the recovery rates of biotin by ELISA and EPBA
were 107.6% and 96.6% in milk, 76.7% and 73.4% in fruit flake,
71.1% and 69.2% in pine-carrot juice, respectively. The correlation
coefficiency of MBA apcl ELISA was r=0.992, and that of MBA
and EPBA was r=0.979. As the results, analysis of biotin by
ELISA or EPBA was efficient compared with MBA in sensitivity,
detection range and cross-reactivity, etc. Furthermore, a variety
of samples cpuld be analyzed rapidly and conveniently at one time
by these biospecific methods, which enables them to be used

practically.

B. Pantothenic acid

In order to develop ELISA for pantothenic acid, antibody was
1)1'0duced and ELISA conditions were established. Anti—pantothenic
acid antibody was produced by immunizing rabbits with pantothenic
acid-BSA conjugates prepared by the bromacethyl chloride method
(PA-Br-BSA). Another pantothenic acid-BSA conjugates prepared
by the periodate oxidation method (PA-Po-BSA) was used as co
ating antigen for ciELISA, in which free pantothenic acid was

competed with PA-Po-BSA to the specific antibody in the presence
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of BSA. The Detection limit of pantothenic acid by the ciELISA
was 1 ug/ml (ppm). The antibody showed almost no
cross—reactivity toward derivatives of pantothenic acid such as
panthoyllactine, pantethine, pantothenyl alcohol, and Acetyl CoA.
On the orher hand the detection limit of pantothenic acid by
microbiological assay (MBA), a traditiondl method of analysis (or
pantothenic acid, was 0.01 ug/ml. And assay results of pantothenic
acid in some food such as cow's liver, bread, and lettice by the
MBA accorded with food tables. Assay recoveries of pantothenic
acid in egg and cow's liver by ciELISA weére 109% and 64%
respectively with reference to the MBA results. However, in case
of lettice the .1‘ecovery was as high as 10 times. Overall more
sensiti;ie ELISA system was needed for effective assay of

pantothenic acid from food samples.

C. Vitamin D

In order to develop ELISA for vitamin D, vitamin D-BSA
conjugate was immunized into rabbits. Vitamin D2 and Ds has
common structure in the main steroid skeleton, and ergosterol is
the precusor of vitamin D. So the immunogen was prepared as
follows: Functional group of carbon No. 22 of ergosterol was
modified to aldehyde, followed by attachment of amine group to the
end, and tranformed to active vitamin D form on main structure.
The hapten was conjugated to BSA by the WSC (water soluble
carbodiimide) method. It was identified that produced antiserum
had affinity to the immunogen as determined by non competitive

ELISA. However, free vitamin D did not bind to the antibody as
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processed food by the ciELISA system: was very effective.

B. Milk Proteins

An ELISA (or the detection of milk proteins was developed. «
sl—casein, a major and heat stable component of milk proteins was
purified, and immunized into rabbits for the production of specific
antibody. When the conditions of ciELISA were established, the
detection limit was 0.1 ug/ml.  Cross-reactivities of the antibody
toward skim milk, pB-casein, WPI, BSA, « -lactoglobulin, B
~lactogloulin, and ISP wefe 30, 0.1, 0.1, 0, 0, 0, and 0%,
respectively. When the conditions of sandwich ELISA were
established, the detection limit was 0.0lug/ml. The concentraion of
dsl-casein in market milk, semi—curd yogurt, and liquid yogurt as
determined by sandwich ELISA was 3.3% (expected, 1.3%), 3.5%,
and 0.5%, respectively. The concentraion of dsl-casein in skim
milk, ISP, WPI, milk substitute as determined by sandwich ELISA
was 34% (expected, 15%), 0.08%, 0.03%, and 0.09%, respectively.
In the spike test of esl-casein at 1 - 10% in milk, mean assay
recovry was 104%. Somewhatl higher recovry of casein in sample
may result from different protein solubily between standard and

sample dsl-casein. So it should be studied to solve this problem.

C. Egg Proteins
. An ELISA for the detection of egg proteins was developed.
Ovomucoid (OM), a major and heat sable component of egg
proteins was immunized into rabbits for the production of specific

antibody. When the conditions of ciELISA were established, the
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determined by cdELISA. That is, in the ELISA,- competition
between free vitamin D and vitamin D-HRP conjugate to the
antibody was not occured. It ‘may result. from unproper immunogen
.‘ preparation. Therefore the whole steps for the vitamin D-BSA
conjugate were under repetition with strict structure identification

of cach intermediate product.

2. Development of Systems for. the  Speciation ‘of Non-Meat
Proteins
A. Soybean Proteins

An ELISA for the detection of soybean proteins was
developed. 11S acidic subunits (11S.AS), heat stable components of
soybean proteins were purified, and immunized into rabbits for the
production of specific antibody. When the conditions of ciELISA
were established, the detection limit was 0.3 ug/ml.
Cross-reactivities of the antibody toward skim milk, casein, egg
whitr powder, and ovalbumin were 0.6, 0.3, 0, and 0%,
respectively. The solubility of 1)1'ocessedrsoybean proteins was very
poor, so pre-treatment of sample for the ciELISA was important
and managed to establish. The procedure was to solve sample
proteins by the treatment of urea-DTT solution, to heat at 100°C
for 1 hr, and finally to renature. Under this condition, heat stability
of ISP recognized by specific antidody in ciELISA was very stable.
In the spike test of ISP at 0.5 - 3% in lab-made sausage, mean
assay recovery was 83% (C.V., 19%). When ISP in commercial
sausage (n=6) was determhed by ciELISA, mean concentration was

found to be 1.27%.  As the results, analysis of soybean proteins in
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detection limit was 0.03 ug/ml. Cross-reactivities of the antibody
toward ovalbumin, skim milk, casein, WPI, and ISP were 0.4, 0.2,
0.04, 0, and 0%, respectively.  Heat stability of OM as determined
by ciELISA was very stable, which is in contrast to ovalumin.
Sample treatment for the CciELISA was established and the
procedure was to homogenize sample, and to dilute. In the spike
test of egg white powder at 0.5 - 3% in lab-made sausage, mean
assay recovery was 65.5%. When egg white in commercial crab
meat analog and sausage was dctermined by ciELISA, each
concentration was found to be 108% and 127%, respectively. As
the results, analysis of egg proteins in processed food by the

ciELISA system was very effective.

3. Development of Systems for the Speciation of Meat Proteins
A. Pork

The components of approximately 32 and 55 ada were
specifically found in pork. Heat-resistant, pork—specific components
were observed when meat' samples were treated at 75°C for 30
min. Titration study using LISA in which polygonal antibody
against heat—treated pork-specific meat protein as antigen was
employed, demonstrated that A values at 405 am were 0.2 and
0.07 in heat—treated and non-treated pork, respectively at 1:32,000
dilution of the antibody. LISA study using pork-specific polygonal
antibody showed that the antibody reacted specifically with pork
rather than heef, chicken, goat, turkey, duck meats, ESP or egg
protein. And this antibody also reacted with meat proteins

extracted from pork Frankfurt sausage treated at 75°C for 15 min,
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demonstrating that pork-specific antibody produced in the present
study would be applied for qualitative and quantitative

determination of raw meat as well as processed meat products.

B. Chicken Meat

The amounts of meat proteins in various parts of chicken
meats extracted with H20, 0.85% Nail, 0.5% SDS or 0.5% Triton
X-100 were not significantly different. SDS-PAGE study
demonstrated  that water—soluble protein compoenents of about 50
kDa were found specifically in chicken meats. Immunoblotting
study in which polyclonal antibody against chicken meat-specific
protein component (50 kDa) demonstrated that this antiserum
reacted specificz}lly with this component. Indirect competitive
ELISA (ciELISA) study wusing non-treated meat proteins
demonstrated that strong competition occwrred from 0.05 ug of
chicken meat per well. When pork, duck or turkey meats were
used, no conﬁ)etition was observed. Although beef at the
concentration of 500 ug/well showed 50% :competition, it would bhe
negligible because the detection limit was very low (1074 compared
with that for chicken meats. Dot blotting study using
chicken-specific polyclonal antibody demonstrated that detection
Iimif was 1 ug/well.  Although the sensitivity of dot blotting was
lower compared with ‘ ELISA, dot blotting would be acceptable
specially for qualitative analysis and rapid determination.
Chicken—-specific antibody also reacted, in dose-response manner,
with meat proteins from processed meat products, such as Vienna

sausage (pork 90.14%), Bulgogi Ham (chicken 28.89%, turkey
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31.44%) or Kentucky-Frank sausage (chicken 46.52%, pork 24.92%)
treated at 100°C for 30 min, demonstrating that pork-specific
anlibody ‘1)1-0c1uced in the present study would be applied for
qualitative and quantitative determination of raw meat as well as

processed meat products.

C. Beef

The amounts of meat proteins in various parts of beefl
extracted with dlH20, 0.85% NaCl, 0.5% SDS or 0.5% Triton X-100
were not significantly different. SDS-PAGE study demonstrated
that protein components of 19.3 kDa were found specifically in
ITanwoo and Holstein beef, but not in pork or chicken meat
samples. This beef-specific protein component were still present
alter heating at 100°C for 30 min. ELISA study wusing the
polyclonal antibody against heat—denatured (100°C for 30 min)
beef-specific protein component demonstrated that titration was
higher in heat-treated becfl than in non-ﬁ‘eatec] beef and OD value
was higher than 0.3 at 1:32,000 dilution of the antibody. Also
CiELISA study showed that strong competition was observed from
0.1 ug of beef per well, however, the antibody had weak but
insignificant competition with pork or turkey meats, demonstrating
that beef-specific antibody produced in the present study would be
applied for qualitative and quantitative determination. Dot blotting
study wusing beef -specific polyclonal antibody demonstrated that
detection limit was approximately 10 ug/well. Although the sen
silivity of dot blotting was lower compared with ELISA, dot

blotting method would be applied for beef identification particularly
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in outdoors because the method is rapid and easy of practical usc.

4. Development of Systems for the Evaluation of Imported Beef
A. ELISA for the Identification of Frozen-Thawed Beef
B. Comet assay for the Identification of Y-Ray Exposed Beef
The size of domestic meat market, about 300~500 billion
won a year, is so large but the circulation system is not sbund in
its structure. Especially, there are iliegal sellings of imported meat
product damaging the basis of domestic livestock farmers in retail
markets. The imported meat product are on sale as
domestic—produced meat product, and the imported frozen meat as
chilled meat. With a aim of the establishment of order in the
circulation of meat product, there have been several studies on the
discrimination between imported and domestic meat products. For
example, RFLP (restricted fragment length polymorphism) method
was developed to detect the specificity in bovine species using
DNA analysis. However, it has some limitations caused by the
hybridization of domestic bovine genes with introduced genes
forcign genes, and there is no practical analysis tool for this
purpose at present. In this study, we triéd to apply ELISA
technique and Comet assay to develop a discriminating analytical
method. We focused on the facts that the imported meat products
have to be preserved for long time (frozen for 60-90 days ship
ping) and be frozen and thawed repeatedly, undergoing the
denaturation of meat proteins and the damages on DNA molecules.
Myosin, a meat protein, and its subfragments obtained by

enzymatic hydrolysis were separated and purified. By immunizing a
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rabbit with the purified myosin and its subfragments, the
anti~myosin, anti-subfragments polyclonal antibodies were obtained
for Ci-ELISA anal ysis; The immunoreactivities of
freezing —preserved and freezihg—thawing repeated meat samples
were decreased in proportion to the freezing-preservation time and
the number of freezing-thawing times. The established conditions
for Ci~ELISA were suggested as being used in the discrimination
of imported meat products from domestic ones. The DNA damage
dala on the meat samples showed by Comet assay were
proportional to the refrigeration time until 3 days and the number
ol freezing-thawing times. It was found that the group pattern of
damagved DNA molecules was more useful for the determination of
'meat history’ than the direct index of DNA damage. It was
concluded that the ELISA and Comet assay techniques used in this
study have a significant potential possibility for the deVelopment of |
a practical method and the subquent step to establish the more

concrete conditions is needed to achieve that pupose.
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oA WS HFY geleln YVHLE UBsIYe] 29 FeH ol
& FHAlol7] WBo] MU SUME F Aoz AR Qo
ol ARetz} o] FYHQ systen AUS oby AR AFLL.

O wE, STIEES FHE *%—%5‘ R u &R e oiF, §

&, Az, o ehazle] YFEAE fistis AYENEE =YUstelor

O THE W, IS $9o] AFHE S /E/LE AF8I] A
i (o]

AREIEE

ok
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O HE - ¥R So] Fulol £UEe] Fuat 58202 19 3,000~5,000%]
H ERUEY o] & thEY £ gl WY whyo] ") gomE, B2

F 8ol mE SeThide] WAREEE AA ¢ 4 Uk WYEN uhye

7ol Ha 3t

4

O Fudt g =4 BES3 WK s1Fo] xpdst
z

AA B8 e s st LEL o]& dobd £ g ZHET el ¢l

Lo
.

i
3 &
of
offt
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rlr
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& A&FLE B ol £USAUEY WA 2} AR
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£ Hsteo FusA B8l Shsw.

O olatzt B HHEAMI| & sptels 23U METIY sjgo] o
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2

(o4
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i
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<
4
N
oH
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o
2
e
X
e
dz

28 AgsA RAU
YBE Solk A%, 2uNe AAY WS zdstn BN AL

A3 5l= 2lo]

!

O AE H 3 ol S7FE ARA £F70) IhEe Aakx)
ot &A1 Z) 2 A2 FUNE 9] Fako] EA} o)
EAYU JRE AHESt Aldlzt dAst o] AL BE JYzteE
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lo
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B

Hol 2o A F. ZAH EAE oIAFIZL 2.

O F3) SRR e A2dVE A flsto] A o|FSS Ee
olF A JIIFARA HIsl AFL A& ASKRIBZ EF 4

Zlof Al BAA Eeolo& xuUdle F17 WE.

O WASRe KB/IVE 04, ESL 0oy WHKe £ 9l
£ 2HQ B&olL WA Rl &t AbZo] WA (YRF7tol
A B8Eo] lg). mWetd %ol tiy YR W FYFAE

sistel WAMZAL AFE Yol Byl 279,

O WERET 580l S4U BBR FEE B (39 st o
Fibse] A5FTHAAT] sistds A4 2 RF A28 Y ok
9, 5T BERE IHKH FEY 4 dolok &

O F, FuelAE tiEEe] %] FAME BHHDL e, o A
& AP A (AT oF 3,000 o4& WAL 4 Y= 4% 2F
=
=

7] $Iste] ¥E-52| wbdrgoe] JpgEojof 3

& Wl 23t} Sgdsliof Y 2nme] HH [
E] 3E 48 F st olE fsldE 4¥E. ¥R S FEYe] sy
HE ool 3

& ARLAFoA AU 4R HIAENELS JIESFH] wnjEn gle

=
o, Y2 37Hs 4 GFl F8317] 8t ol& YUt ALY A

T 23] f&o] ddE
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2FolA T F2As 5

O HIMEE A=A 55

o__w

K

—_—

No

.AO
wo°

1

S 20 2le] +@PFe shiA
Hl et

& FuoldE WToAMAl] &Ezt tlEe] FEER
SAEY REH WA AH3E B3

O 2 gEET¥AE 2 FI8iA e,
o] fi¢gle] HE o th&te]l 1 ddE Y (allergen)?] HRFTE

sto] AAAQ A& FF43 YA EEHE SPsto{oF T
& Alze] #

Hoj A vi¢ F23.

th A S5

—

el

«

N
]

Hjo] U Fojof =B Ho

#tglo] glo] E4 allergen AE

=
Lo
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ueiAolol A WAl Exo] BEEA] Bt gons F7HHA A
ol Z2&3] Fhusiel B8 LRI AUE.

O WAREAIZL] Fqlo] ciMy BN BYHPLEHN FUFVES
QtAd & HEslof 3

A 2d Fue d7NLER
1. 93] B¢

& Bioassay: UhE-Ee] mjEhlehnl EMel ¥EIssh, B4l 2

(2-3U71) £UEE sty PPl o,

GHPLCO] 213t 7] 718
Qo] wletAde A&l E7F

rlo

°1r Jr
2]

<

2

R

o

i}
P
)

m

[

N,

3.

N,

L

&> ELISAL} EPBAY= &b g vitamin binding proteine] &%t HEEol
g olgyomA T, A4, FUshA EH¥ F 9
st o}, mapibgolu Al AAE WY T

ol
P

olo

l

ez 29 A

5 sjadsior & £A

e

N
-~

nlo

O Ul olo] tidt A7t I3 mulgh ciuh, A ExEH (hapten)
2] AEYOoRA ELISAS ¥ET A7t £ A7l 2iste] e olHA

]
=
gomz, of 71&g BEIW vl WA & BAug ¥UY +



¥

E=2
= .

&

olFeuel ApE (K7 R WSF W)Y Aol Uy A7 =
3, 9F Fold U ysol gor HI AP Aty

R b2 U

ae

rl[o

O &7 T AR 71EA F2AU AAAE ALEE UFE, W 95,
Azt 52 v SF AL ELISAS] 23l ¢T3 HZo| 7ol BT

O 4R TAE UFEAANEG o83ty mj$ BojFog HEo| sl
U, Zhdg ehide] Afols FYW AE QL o] oL AL g
o], A2 AU r,g 4z ¥ Bslol AAHQ whHe] Ay
2 oy

O ¥EE 4 ERSe] Ee ol AAFHLE O H’ﬁtﬂ"] Z Hilsol
AA Yo, H 3%, WFAl myosingh oLt DNAL] WA EE zA}8]
= W (ELISA & Comet assay)o] 59& F4o2 dAFEHI U8,

O FolA Comet assayt WAMIZANSoIU W52 DNAESAS EA43}
= WHLE, S22 INAE EM3L 1 imeged EAl:= *Hi-v- 7l&

[

1=

{ Comet assayy  RAHradiation)A]E2] shfubyoz o
Delincee(1994)= 7IYste] F2 ZA3E Ed:. ol FuoMe Wt
ZA7E AF APYYPLE HREA doy UEHREE vFEse W U
gloll A A FoA o]&e] Algol S-EEIL 9of ZAHradiation)H FAHE
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o] Fjol 49" ZAolA g ol ZANE
He ofy FuelA A ATHAL BEH ot 9.

fllo
o,
-,
o]
>
3%
rlr
N,
)
o
of

O a7t el e £44E Hx} @) {EHE B WEY + U= W
Hol Z45(1992)0) 2siA dArEgen, EY E(1993)0] 2]3}o]

th Polymorphism)®}*Ho] AFE 1 gon}
southern blottingAtoljA] ¥+$-2] o] bandE Fi=rlil #X|gl= U2
3 &48Solgt ALY £ JonE I FHEo] E7L
] °

BAE FRAY W] A9 4 glo] AA A

RFLP(Restriction Fragment Lengt

5ol thgsta g2
sobm R An| P4

gl TAZL SlE.

Jd

O AZAAE TEAKI YAF] 7HFo] Aol WESE TAIA
YyEgoer ER f8He A& YASI] 45t Henm(1982)3}
Gottesmann, Hamm(1984)o] 2l3te] FASo] sIFE wl mEZE=Eo}
membrane?] 3}3] o ]b‘}oﬁ] olE Zof &a|38}= Ascontase?} Fumarase 5]
3E Jjuice ol Tr%ﬂ‘:}—'\'f AtAde] #Hoisle] o] &9 activityE ZAlSIo]
54 - 855 wEste WEe Mo, o WeRe dil 5=
B 71 B4 - SBEHAAR olE E4Y activityZt &7] Wil ¥5S
AT FAAE & 4 U £USFUAE W=y FEY 5 ¢

o flo

O uhebal BZolu WAl 482 A$ HoXA HER o J|TF
chal el WA E DSC(Differential Scanning Calorimetry)E o]-8%h
&1 27} Parket al(1989), Beiken et al(1989)3}e] sixjoler) HHs)E

F3 A &S AP 4 9S FER FHA UE.

O B a7 AR AEAASE myosin®] @HPE ELISAR 5%
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gl £ AAE d9en(4,1992), B2 717HF myosing] MAZS FHel
1

<& uhakA ELISARE & B3lA 7izte] 2e® A Solu 5AsTSE 4
A whdd o W g AUt dFelM HE&Y 4 & R
&

O Fel A SABRopIA TR vl uy AEYes
ELISAE o]8% QPRI ¢ F WY Bolm, SuuEe Aol

ELISAS L83 d3RIE= AL ¢ AAolr}

O ol WANBZEE DA EH71&S o183l Selutet fel A8t
4o BLEF0] Tysl] SolHel DA EAAAI} B A7U U} &
FA5e] &3] 228 v} glou EAMF YrSot FAEY 588
daes Weshd by, A9EY L BERNE Py Awles
o83 2 U SE7ol VY ALABL BA7A 12HA A2

O M) Hulo] A 17 FuolME 4SS ARG BHE T

3 3hEE 4 gl W Bo] 7 5(1992)0) ojste] dAFEllen, EF I
) o=

Q.

Polymorphysm) ®hHo] ¢131% 9] o1} Southern blottingAtolja He-2] Bol
bandE F=rlx x| e £489 FFo| tidste ¢l £ Tl
9 48U 4 QOEE 1 ol ojsigol glon EY WmZEAe] BY
T FEAQ gt X8 glo] AAIFHA FH Lo oz o] Tt
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504, 723 332l A 6wgmel HWALEE F3Y 4+ ol R
29180 BEHE-AEA-TN T FH& ANA HER $U&3
) garsel el 2 ARE AJY 4 geds Boh
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Zo) @AY TaAol W BHY BAE FsAY BAY 4
QEE AESNS & o8 thee FEAde AU
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2.4

#

7h mEg wlElle] B4 AL (DA EAEATYH)

AZAYEE

AFEE 9 Hel

#0]EHl Bioting] Al

-Biotin-KLH®] Zu]

1 =} | 7y -Biotin-HRP&] &H]
bE e @ Holael Ay
-F&2379 AE
- }a)
(1996) ELISAZRZ 2] &&l
-EPBAZ 78] %3
-EN 3ed A=
*H] €} Pantothenic acid -Pantothenic acid-BSA%] &Y
2 2} | BN A 2o % Folahlel Aat
pA -FE&249 AR
-ELISAZZ &] &3
- 3 S A ) _%
(1997) Pantothenic ac1d‘HRP.,] Zd)
-njBEYH 279 ¥
-EAN 7 ARy AR
*d]E}E] De] A1 A st | -¥]EIRID-BSAS] Fu]
3 2 -9y 4 FolykAe At
d= -Bo|¥A 2 A
-H|EIRID-HRPS] &H]
- 2l
(1998) H]E}RIDS] ELISA 27 ¥

23z AE
247 4By AE
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U ]S shlEe] 4 AL (TFAIALETY)

o
Hr

sclFerygel A&
e

L=
L)

(1996)

EFEE T

A7Ag 2 Hsl

e s 2
~SolaAle] al

-ciELISAZ Z 8] ¥&

| -HoldA2 HA

-3} -HRPS] &)
-cdELISAZ 7 2] &gl
-F&z9 HE
-EHNgge A3

-k el Fay
2 2| 7
4E

(1997)

_egeruae el u W
S|yl
-ciELISAZ 7 2] 3
“Bolgale A
-3}A}-HRP2] &EH]
_sandwich ELISA 27 %3
gzl AE |
ENETERT

AR o] A&
3 =z} At
ae

(1998)

| -Agehage) gl L @Y

-BolahAle] At
-Bolgaje] AA

-3} -HRP2] &u]
-Algkerui g el ELISA 27 #3)
-F&2749 AR

-BHEge] A%
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th #ES wde] ApEy g (Aista)

- AESS] XHTH- 2g quwae] 23 9 2y8Re By
Wiz o] A el |- Sns-PaGEe ogt AFctage Az g My

U P R RSN R
O AasAERY B4 A4

|- Bl it W

- Rabbit anti-chicken 1gG2] ¥-u] Wl Azj

ELISA System®] Z- /14 @ vlzkd fol cidl sy ¥

a - FLISAE o] 83 SAF52 €8 §F B7bdiy
. %y

1. 9Ll xELH e gubige) 32 4 mggEY] B4y
uﬂ:g_o,] el - SDS-PAGE @l lectin staining® £t x| Fxh#tz 2]
=1 — {'!%‘-

71 SR e oW BIZRE aHSe) PduhdAe wlmEy
o o = -7 7tg 752 % 2 &
YSH F78 Srsten oy sazze wasl 24

- |y

- Affinity chromatographyo] 2]&! anti-rabbit 1gG2]

3. gyRg olgy 3

- 7t o u7Md 8] ELISA System o] &3t ¢l
HYE &3

- ELISAE o] &% SAFF2 war §% Brpdi e
3

o - Dot-blotting® o] &3} Hrtmude] A

dmae) xmg HEE ARhIEN 23 W 2uRRd 4

- SNS-PAGE W lectin staining& $3+ x| Fxhya o]

BE

%s} Hey
Jtd SAES
8L &3 System

o

- FLISA W Immunoblottingo]l 2§t Screening W ¥
3. T AL A g auw
oW RS bl gy PAE o] &3 s 9 sl 3 8

W] #tal shdy sy
- BAFEF) TS guk &AuY g

[

- 7td W w7id 958 P va iy
- 7M1 SAFEFTY TS AN
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2},

TU% b U E47E AL (BETidR)

ELISA ¥ 3} Comet
assayg® ©o| &Y &

o HgR=e 3

Z}A| A E 4
CELISAZ |1. Myosin 3 | -Myosing] £g]

o]-8-%} subfragments?] &|:MyosinS EHE] myosin heavy
FAA | elet gAY Qi chain @ light chain®] &e]

9] < F3AA Rao] 2]3 myosin heavy
shuly |2 990 WA W % chain®EHE subfragments®] &
2] 7t AA o] wtE WA 2 ¢ A

= -Myosin £x}2} 1 subfragmentsg]

Ho gl gk ik

3. #Y&ol cigt B - gAe e 2 FA
- Ci-ELISA =72 &g
- Inter @ intra assayol 2J% 1%
q A3
- YA ol &gt myosin #x}e] W
BE F3
- EAA A &%t myosin W 1
subfragmentd] WA T &3
-3l W WdE qrEAee] ¥k M
e 538
- A FoA FEEHI dE U8
el

22| |l. Comet assay'd?] ¥| - S o RE| DNA Yo £
X% 7 -Lysis o] 4%

DNAEAY - Electrophoresis ¥H 2] 43

Z2RS 2. %2 Ae]ubHoll «Tail length/moment ZAz}e] £4

AW | WE DM SHE 2 dBAPel ot $5 DM &4

Comet A} Age] Ax}
assay’tl 2] cE5A7IZl WE 959 M &R

g 30 =4S vl o] A

‘57 9 SE dEAzle] T D

EHEEY A

Az WE DN E43E
BRI
FFUAL AR DN ERAE

22}
F40egol Tl N E4REY
37}
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Oj2F dlEIZIS] A JHY (MF2A-1)

Development of Systems for the Detection of
Trace Vitamins

1998. 12. 20






M 2 & 0|2 dEtRle] EME TR

A1d A A

WA el AUBAE ol8stel AEES pantothenic acid,
biotin, folate, B6 T BI2E sl wbilo] 2 o 2o 7usz
t} ol= 96—weU microplateS o] &0 g H W £2 ARE Frlo]
Mool Bolshu, T HEel tisiel mj¢ Bolow Hao| sy
s Ze FRY MEE BHY 4= duh WS o8 ELISA
format& A=HEA wlel)e] Baol #-83iu, EPBARALE Fxjel £49
of #§3ict. |

HEfle njEog Alglolu B Az A Jsg 2Esin
AT B oA} Aol 4 UES st f71BgBelth. 19119 B
=¢] Fukzh A ERENE 27)9E AHY 4 Uk SRR 23
o2 Hesle] vitalaning] |24 vitaminol2lil BET ol F, FE A
Hol olstel AWZl TIY A7V ASHIAN +84 © 284 vlehy
oz FEslo] WAZA o 30 A& wEpwlo] UAHYTE (Friedrich,
1988). | |

484 HIEHIS] ShQ bioting 1926W Boasol &Jsio] &L 0
A=glch  Blol A (45 thP TSt Hael Uidn @
He QoA do W W (JIH) i ETRE Fojshd I
o] Woluhx] YstomE, olHY ZAE oUsHs Ut Atk Zol &
AUk 3 F 1936\l Koglo]l WH (X)L RE of AxE AR
2 Ha3le] biotin olg} WHEsldon, 1939 Gyorgy:= HERojAH g2
B¢ 5ol Haut (3]%)¢] 322 wA vlea Hel S} biotin}

Zol3t Exlel g utEsieict  E 19429 du Vigneaud: bioting] JTRE

MAr  ¥°

e

¢

ojN -
o
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A5t o2 WAS coenzyme RE grgstairt ('Bon,jour‘,:' 1991
Friedrich, 1988)‘.

Bioting o8] 7}*] ®HiE313 3P¥E-S (carboxylation)of #ost= =
B (coenzyme)BA], AAIY] Z}E t)AlAE ZAZT). &, isoleucine
3} leucine TAlA|e} ©43tE Wl xpgate] Aol Fo3 2FA42 =
23} (Friedrich, 1988 ; Sweetman, 1981 ; Wolf and Feldman, 1982),
NHH o2 s Ao} DoetErial, 422 A4, T (B A4
%, 23 gda Sor  #oydlsl gich (Bannister, 1976 ‘: Benditch
and Cohen, 1988 : Marshall et al,, 1985).

AHel A2 biotin 4ol thet YMT Bas glovh, FulaFol
ojste] Wedo] gFo] ol gE M tiFEY AFo| nPoz EAsinz
HZIA]= eg:: Zeoez o#A Ut} (Bonjour, 1985 : Mitler, 1982 ;
Oshugi et al., 1990‘: Wilson and Lorenz, 1979). gL} Hul4 52
PRAE 58Y ZF e FHATY BFo] A, oo wa} biotin?)
Wegol GATEL FUFo] Yol 4 otk E AR W the
2 FBol HHAAE WolE biotin®] AWE WMol (egg white
injury)7} dojdrt} (Bonjour, 1977 ; Foldin, 1990). BT (rat)oji:=
dgel AAHD ol £ Bl dFel AJw ¥ Felo wm
(spectacle eye condition) @ A|2A (Jei#:) II]-,—E L9 AulZo] ¢
U A A¢ NFEYl Lot AP "ok el Aol 3
273, GEPNE, R, TI0M] 5o AUEAE Holm Ea ofe
744 A#4 A (inborn error)3} &gole] EAA} (infant sudden
death)2] ¢l £9¢] shjel Aoz HIAE gt} (AAP, 1976 ; Baker,
1985 : Hood, 1980 : Johnson, 1980). I2EZ njZe] ZALol, el
014 bioting] 19 42 27 100-200 g2 FH5k Qlrh (RDA
1989).
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Biotin  (CiHigN0sS,  hexa-hydro-2-oxo-1H-thienol  [3,4-d]
-imidazole-4- -pentanoic acid)2 Ex}gko] 224.3¢1 A Ex}e] EX=E O
£ Fig. 1-19j L}E}‘:} uiel Zo] @49} H] 3 32| imidazol ¥z}
% (s)& 7z & thiophene HAL HYEC] ZYPF Zojr}
(Machlin, 1990). §3o] 228-232 T B ZAFo=2, £892 doj ©f
sto] -9 tsict.  dFele] oM T wlwy P A3 a3} gz
G2 oo sldsha Rslgch

g o8 /2 biotin fAl HFEEC] nj B 25 =AY
3latd o g ATt Biocytin® bioting] ZEo] HElo]= (lysinet)
Zt3 gl AP TA nPEI} SEAIA biotin® 2 ABE]

b 32E Uvehdch  Biocyting Fateluh ZadzteleM 22, 7igt
o2 A3k 7}—’,‘——‘?‘—6]];,&]0] biotinz} 1ysihe°i £2|"ch  Biotin
A2 U % el % Mot} shagizizt ABY desthiobiotin (e
oxybiotin)& m]BE 53] f-aldel SlolAM biotinz} U H3E R
t} (Bonjour, 1991 ; Finglas, 1986 : Moll, 1986).

Bioting 2] Folut 23 FojA whiAz} A3lEe] gl7] wjiel &4
3717h A wenz chF-Ee] AFel SlolA bioting] o] it 2y
3 7817} 43 AE HERE PHo| LERIA] efe} (RDA 1989 :
Zqle] odoF WA, 1989 : AR MEE, 1991). whehy JQAQA S
Holu Al AT So| nFE AFoim, o] ity FAoln}
BHY 4 24 "edo]l FUEEA U&si FH3iY QEAE 4
+ biotin®] E4¥Ho| 7% 9}

HPLC (high performance liquid chr‘ométogr'aphy)oﬂ 23 AUEH e
2 bioting AF3t2A she A7} Wol AW sloU, ASUET wo}
A AE A Ro] AES= AL FAsHA Qkgtrh (Chastein et al,, 1985 :
Desbene et al,, 1983 : Henz, 1995 L Pollesello and Rizzolo, 1990 .:

N

Jo

N

e oo pm
ne,

Robert, 1990). 8B =% LactobaCJIIus p]antarumg 01—8-"{} njge B2
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1

1
Hl}l/ C\tiu—i Hfil/ C\I}IH HN M
HC——CH HC——CH HC——J?H
Haé\s /ICH(CHz)acooH HC  (CHICOOH  HG s /éH (GHe)COOH
Biotin Desthiobiotin Diaminobiotin

j NH

|
Hll\l/ “\NH é

erlx/ “NH
Ho—CH O NHe HE——(H
HzC\S /CH(CHz)aCNH(CHz).zCHCOOH HzC\S /CH(CH2)4COOH
Biocytin 2-Iminobiotin
Ifig.

1-1. Structure of biotin derivatives

D

p ° E..,.g- Y o -..gu,-ii-:uou-!-un-:u.-cn.j—un :n.-eu.-ln Corenaymr A

(LTI Lo 0 i-ﬁnﬂt-! =i Ciy» By~ !-uu-tu.—em-ln Ponsatiaing

[ ] ”O-CW-E-CMN- —MH-CH = CH, = COON Pantethenic seid
ey -

Hy °
(8] MO = ChHy~ € ~CHON=C = NN Ciy= CHy= CH, 0N rmmnm: h-nlmlnd or
e pentainenyt sleshel
Iig, 1-2 Ca
Structures of (a) co-enzyme A, (b

antetheine, (c) pantothenic acld and (d
pantolheno

anthenol or pantothenyl alcohol).

i"' ?u

et HO — CHy=— € —— C—

]
!—- NHw—~m CHg==~ CHy —C

CH H OH

Coupling of pantothenic scid to protein:
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21¥ (microbiological assay: MBA)olu} WAl F¢ld4E o] &3t whAAl
M EMY (radioimmuno assay: RIA)ol @7 F=2 o] &=l v}
(Favell, 1990 : Guilarte, 1985 : Hoppner and Lampi, 1987 : Lumley,
1990 ; Odunfa, 1986). 2L} MBAS} Z ¢ biotin ©|2jo]= biocytinz}
desthiobiotino] thste] ¥1e& Roj:= EA7l 9lon (Haarasilta, 1987
; Moll and Shive, 1986), %eﬂ‘:’lﬂ (oleic acid)Z} 72 B3} AYate]
thslels WIeS HolmE Aol dWolxle o= oA Yt
(Hudson, 1984). IESF B4 x|gto] A3, £AEE HRKE 3, NEF
of WeE B4 wHERS AL/ s B A AP AHcH
st wido] gith  RIAE I7le] Zuiyt Wod #rt ofys} "o’*}"*" 3
o QtAA43} HAE Hal 5o B wBel AFol H&shs AL AUt
| Rnoz ojAx: 9t} (Caryn, 1992 ; Hood, 1975, 1977

N

olg gt EAAEL sjAst7] $18}e, biotindl] SolHA FAE 2
3}y el - Aukg-ol A 7E & o] &3l FAAAEAEY
{enzyme-1linked immunosorbent assay: ELISA) XE& biotin A% A

r

e

E

o] &3l FA-thy AUEMY (enzyme-protein binding assay: EPBA ) o}
2]3te bioting BAg 4 Qi whadg spgstaxt st d37t AEEL
olt} (Finglas and Morgan, 1986 ; Lee et al., 1990 : -Vander'- laan,
1991).
-t}% &, pantothenic acidi free form, IE= coenzyme ARA A
s o2 AdAo] da] Zah3ict. Pantothenic acid Y analogue?] 7
ZE Fig 1-20] Uehigich nlgEe] 28 ¥4 (Bioassay)E HIEMIS]
% &= 4A¥¥ & %E]*l?l % Lactobacillus plantarum& 0]%’6‘}:’_
otk RIAS) Mol Sold, 7=, sl YA FE A

g Holm, CiELIAE nAEWT £ AVYE Uehdel 219 ¥l 9l
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ulEbel D} AAEMY sdel Y AFRIE Jupsleld A g
o1} HPLCol 23t 1 £y o] ZitiZHA AAE AlFolLl Al 2] v}
U DEA] ol o] W2 AFelrt. wjepyl D W I FHEAL] F=
Fig. 1-30f vehjgich.

QaAhA) FUAE B Bl Bx W YHEAE 2B 9l
o ELISAE 7143t 2 8¥ Brt QgdoL} (Shon et al., 1992, 1996),
A EFol 2ajste wElle BAs}y] $)8] ELISALL EPBAS 83 o=
o3 glalct.

a8ER £ dFojME, ELISA W EPBA 52 AE Soly 7y
(biospecific method)& o]&3}e] &3t ZtedstA vl (biotin,
pantothenic acid, BIEIR] D)& B4Y 4 UEE 43 SolyAE g4t
33 B4 =A% AR FE2AL HAYBEEH ALY JXE n

izt spolct

Alzd % W

1. A =
Biotin2} biocytin, desthiobiotin, 2-imminobiotin %¢] biotin &
A} d]El, ’pantothenic acide} .’l %*]——?—Z‘_, HjElR] Do} HAEA ‘31
bovine serum alburﬁin (BSA), goat anti-rabbit IgG;HRP conjugate,
NHS-LC-biotinz} HABA (4-hydroxybenzene-2-carboxylise), 2,
2'-azino—b‘is‘(3—ethy1benzthiazo]idine—sulfonic acid) (ABTS) %2 Sigma
Ate] AEL A}23}93, keyhole limpet hemocyanin (KLH), Fr'eund’s

complete adjuvant £} in- complete adjuvant, biotin-HRP&}
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Provitamin D2 H

Provitamin Ds CH,

3 CHI
(Ergosterol) H(I;—CH—CH—éH (7-Duhydrocholcslcml) HC—CH,—CH.—CH,
CH| CH,—CH cH o=
CH, CH, CH, CH,
HO o
uv w
cH, CH, CH,
vitamin D2 HC —Cl1=CH—CH vitamin D HC—CH, - CH, — 14,
el CH,—(!‘.H : o ,—?ﬁ
CH, CH, cH, CH,
|
. HO/O\\) Ho
Fig. 1-3. Stucture of Provitamin D and vitamin D.
cdELISA EPBA-1I EPBA-II EPBA-III

) beeed (s 3] Lo

Y antibody

}

g

i biotin-HRP

l

subst. celor

11
l

Compet.

(XHRP conj.
+4 biotin)

Enz. rﬂ:

(+ H:0/TMB)

(65 Derm |

B 33| |13
L

subst. color

Ebiotin—KLH 6biotin-BSA 3 streptavidin

| Lo

streptavidin-HRP i biotin-HRP

l l L

subst. color subst, color

[
| )

&
l

x. stop {+ IM .50)) & color read at 450 nm

Fig. 1-4. Schematic procedure of cdELISA and EPBA’s for biotin.
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strepavidin-HRP, thiiz] %8 micro BCA kit (#23235), 3rx|YxL
protein A column (Immunopure plus IgG purification kit, #44679)3}
| 5'-tetramethylbenzidine dihydrochloride (TMB)¥= Pierce ALZEE 1¢]
stelen, 7]Ele] Alok2 GRF ol4e] A& Algsiarh. nAE EMo|
A3t Lactobacillus plantarum ATCC 8014 $HZLAEsjutdpgdos B
B o wetn Lactobaci]]i brothg} biotin assay mediat= Difco ApoljA]
9l 3tadct, ﬂﬁ%gi‘— New Zealand White -84 E7|& *l%’gﬁg‘n
(B71= HEja])ol A FAste] ALg-3lgch
Microtiter platex Nunc Ale] Maxisorp (#446612)8 Al&3}oiom,
microplate r'eader'% Molecular Devices A}2] THERMO-max™-& o]-&3}9icl.

EYdre &4 Jasco V-500 UV-Vis spectrophotometer& o]-&3}git}.

2. Biotin 4 ¥ /yg =y
7b. Bol¥g A At
KLH (keyhole lymphet hemocyanin)& carrier protein® B
S °°|7l°ﬂ bioting ZF-8ZAYAIZ biotin-KLHE Zu[stadtt. o
conjugate 500 £ g& T2 Freund’'s complete adjuvant$} o] &
gg g Erol wstFAlstgrt. ofF 2 - 3F%H o= £ i
8 Frtdgsigdct. @ ?]EH'Di]-‘—:-'Fr‘eund"é incomplete adjuvantZ
Atgstedth, mH WY 13 FoE 279 HEH 2 RE A}
FEHE Eeisldeny, ol24E protein A column & o] &35}9
FAE FAA
t, 4HYEZHY (enzyme-linked immunosorbent assay)
gae ot v ZAF  ELISAO  osle EAslAn

biotin &4& ¢|% ELISA: ZA¥Z A A (competitive direct

AN

_1_4

ELTSA: cdELISA)e]l #J3tddt} (Fig. 1-4). &, micr‘oplateoﬂ Eolyt
A E 2ug/mle] HEZ coating buffer (0.02M Tris buffer 0.15M NaCl,
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0.05% Tween 20, pH 9.0)¢of] £313}51 2t wellW 100 212 Y31 4CoA 3}

FEul urx]3ls, 33 MHE, biotind} biotin-HRP conjugate?] 1:1 &

grol g 1A17ZE AHe|g ¥, 7HEY (H0:/TMB)E 308 He|F IM
=

HoS048 H7Isle] ¥lgAAF WMo AEE nmicroplate reader®

T}. EPBA (enzyme protein binding assay)

(1) Biotin-KLH%#} streptavidin-HRP conjugateE o]&%} EPBA: o]
W2 919] ELISAS} RARHY], 723 o2 Bo|gAjciale] biotin-KLHE
coatingd}9i il biotin-HRPrl&lofl streptavidin-HRP& Z¥ut-go] A}8-31
Zolt} (Fig. 1-4).

(2) Biotin-LC-BSA®} streptavidin-HRP conjugate& o] &%t 79
of Wi ulZ 99 FHeet AL Utk chw,  biotin-KLHtiilol
biotin-LC-BSAE coatingdleld At tl=v} (Fig. 1-4),

(3) Streptavidin®} Biotin-HRP  conjugate® o]-&%} EPBA: o] ¥
2 $18] ELISAS} A3y, 72822 A4l streptaviding AME3HE
A ti=ct (Fig. 1-4).

g}, 2 x}¥t-€ (cross-reactivity)

7z} Hx¥WF 3A3F  biotin analogueE (biocytin,
desthiobiotin, 2-iminobiotin, diaminobiotin)& D-biotinth4le]
A}-23}o] cdELISA % EPBAE 33lgdt}. ZxWIL&LL Fbiotin3ta]
o streptavidine] t]3¥t biotin-KLHE} ZA & 50% A 3]5l= biotin
=&, biotin-KLH®] ZH3¥& 50% A ¥ 5l= biotin analogue?d] &
=2 UE %322 UehyQltl. Ei, biotin-KLH (biotin-LC-BSA)

of

of t§3t streptavidin-HRPE] ZAEYE 50% A 3|d}= biotinsg =&,
streptavidin-HRP®] A¥-& 50% A 33} biotin analogue?d] %=
2 UE 3L E LEN AT,

o}, oj8EM (microbiological assay: MBA)
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ADAC methodoll &]3}o] #3}9d =], Lactobacilli brothoiA]
A}H wfjo¥gt Lactobacillus plantarum ATCC 80148] # A& biotin
o] E°I%l assay tubeo] HFSIA 37ToA 2442 wj g3t
Biotin ¥ 660nmol A 0.D. ZFA o &|slo] F3}gict.
vl Al me] 2A
AR EF/o ulgl v o] AA sl wash buffer®
23] EAste] FAo] A&t At
(1) &
1 ml8 9ol H#2 citrate buffer& Y31, 1% EDTA
1 ml, 1% glutathione 0.1 ml, 2%%] papain 0.4 ml& Y3 90&E 7t
57C2 X W8 clS, 2.4 mlg citrate buffer& H 752
autoclave (121, 10&)3t 4 tl.
(2) Feol=
5 g2] F#o]3 (flake)E F A3} (homogenization)A]Zl
¥ s0mle] 3REE HAHL 527 eI FLolA 208
Zb @ubrE o dalBal (6,000xg, 108)3t3a AR Yo carrez |
(0.36M KFe(CN).3HO) 0.5m!2} carrez 1I (1.04M ZnSO7HO) O0.5ml-&
Yol WA ThE Al WHBAS ] e LRl FREE 2

7}stn Aol 25mlE £ st}

(3) &£
F£E Y28t 4AE AAT chE 1001& 33t
20me] FHTE M3l pHE 4 - 6 (IN NaOH) 2.2 2T 5 A
#g 50mlE sttt

3. Pantothenic acid A1y 7d ubd
7b. HEd AR _
(1) Pantothenic acid-BSA (bromoacetyl chloride method, BAC):
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BSA(Bovine Serum Albumin)ell pantothenic acid® FHEYAZ
pantothenic acid-BSAS ZH|sdrh (Fig. 1-5). &, pantothenic acido]
bromoacetyl chloride® ®hgxl#HA] Ad¥ bromoacetyl pantothenic acid
9}, urea® WA A]7]3 dithiothreitolE A 2]3le] disulfideZ¥-E -SHE
#41A17) BSAE WHEAIZiTh
(2) Pantothenic acid-BSA (periodate oxidation method): THE &t
3 Periodate oxidation®hHo] 2§t Meiddx A=xs}gct (Fig. 1-6). o
2] glycidol € pantothenic acid®] primary alcohol group} ¥h-§-A|H
A3t 27]12] hydroxyl 717} A=A § T}, NalOE A E]3lo] aldehyde
712 AV} o] F NaCNBHa7} Ex|3tofl A BsAst RH-EA|ZiTh
Ll ahAje) AQat
slof| A Az T 52| pantothenic acid-BSA ZEA], 500ug%] &
=

Freund’s complete adjuvant®} R-EISE mtEo] Ey| 3l wyujete] n|3t3

rd

Aystelct, olF 23 pAoE FrMAYE AASYrt ©, olHlE Freund
's complete adjuvant t§2l Freund’s incomplete adjuvantE& A}§-3}o] 3
sttt o] By 13Y F, E78 A¥YeRTE AY¥sin YPA
& Eestigdch
th A grizA}

el o7l u|ZA Y ELISAo] 23] Z3 stk & microplateo]
10ug/ml 2] pantothenic acid-BSA (Z}z} WHo A}gst BACY EL
periodated o] 2&J3] Fuv|3t AFPA)E coating buffer (0.02M tris
buffer, 0.15M NaCl, pH9.0)Z 3|3}l Z} wellol 1004£% Y31 4TofA
slEut x5ty 2 wellsS washing buffer® 33 A3 F AE 1%
BSA7} #7}¥l washing buffer (10mM phosphate buffered saline, pH 7.4,
0.05% Tween 20) & Z] A5l 2z} wellol 100/,(26.'4 1A 7t Ha|stddct. AE%E
goat anti-rabbit Ig antibody-HRPE 2x}3}A| 24 1At A& M3}

Al
7] A -828(0,. 02% H0;, TMB 0.1mg/ml in phosphate citrate buffer)& 30
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_fg_

Pantothenic aci|d 12 Ca . Pantothenic acid - 1/2Ca

adjust to pH 2.7 with citric acid adjust to pH 2.7 with citric acid
Extraction with ethylacetate . Extraction with ethylacetate
300mg MgCQOs 10mg BSA .
add 50gf bromoacety} chloride . Evaporation
reaction at at 4C, 3min
1.74mmol P: ic aci
Bromoacetyl pantothenic acid add 1mM NaEDTA of Pantothenic acid / 3ml water
6M urea - adjust to pH 85 with 0.IN NaOH
add 1.74mmol glycidol
. . - ., . Img NaBH,
Centrifugation add dithiothreitol reaction at room temnpt., overnight
Glycidol-modified pantothenic acid
Evaporation Reduced BSA
i add 0.6mmol NalO4 for at most 90min.
adjust to pH 7.3 with 0.2M sodium phosphate Periodate-activated pantothenic acid
incubation in the dark for 24hrs
By . add 10mg BSA
Dmlysns‘ ) . ) add 300u¢ of 5M NaCNBH,
l dialysis against PBS buffer, pH 7.4 : overnight at roum temperature
Ultrafiltration Dialysis
dialysis against PBS buffer, pH 7.4
linmunogen
Immunogen
IFig. 1-5. Scheme of immunogen produdtion using bromoacetyt chloride Iig. 1-6. scheme of immunogen pioducnon.usino periodate-oxidation

(BAC) method. method,



S A7l ¥ M HpSO B WSS %Z]A]ﬂ.?-_,» microplate reader® 450nmol]
A gde) Fxg FFSHATE

2} 7vA 7% ELISA (ciELISA)

104£/ml - pantothenic acid-BSA (BAC E¥= periodate) 1004%

coatingd} microplateso]] pantothenic acid &z} 3t (BSAZ} 1% H7HH
washing buffer® 3|43t ¥ H)e] 1:1EHN LS 7} wellsol] 100444 2]
© The 918l U7 ELIsa} e PEoE AAsdch

o}, ZxPHe (Cross-reactivity)

- Pantothenic acid?] G=aof cigt ZxpES-& ciELISAo] 23] &
Astedry. &, pantothenic acid-BSAZ coatingdt ¥ 2z BE9
pantothenic acid, i analogues® $]2} Zo] A 2|3t ciELISAZ ZE3}
Acth

ol H]AEE o] &% EAYHY
Lactobacillus plantarum (KCCM 11542, ATCC 8014)& ©]&-3}oq
AoACH o)l whel AlAlstgdcth. Lactobacilli MRS Broth (Difco)olld #F-&
Arjujekstels B2 A= pantothenate assay medium (Difco) 2.2 THE3}
zZto] BAstadrt, &, L. plantarum& Lactobacilli MRS agar plateoiA]
colony& WA MRS broth 10nio] HF3te] 37 °Coll A 20417t wiet ¥ &
A1 8-2](3500rpm, 10min)3lo] FAE ol BEY FHFE 33 AHs
gk MHE FAE thA 10m18 BF4E AT ol& 100 uH
Pantothenic acid7} ¥-8¥ 10m1$) pantothenate assay mediumo] 3 3-3}o]
37°C, 22A17+ wja¥sioirt. mAEL HAEE 660nmolAMe] FIEE FF
steict
A} A| oA pantothenic acid®] F&
AlZ Al 2 HE pantothenic acid®] &2 Finglas(1988)%}
Walsh(1979)2) Wi & Wyslel yslddch A2 ehx] o2 w2 Ao 7

Be, A Whan vue B3 g g AFs guTEel
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e & o Algsiglen & ZHE A A F ALEslgrct ARES
Zyzk 5g4 0.2M tris buffer(pH 8.0) 10mlef] YL 121°C, 15m¥-7F WA
Z Omni-Mixer Homogenizer& o|-&3}od 308o0|4 FA3IISIETE Al E42)

pantothenic acid®] #g]|& %3] calf intestinal alkalin phosphatase

(200unit)2} pigeon liver peptidase® & 7}slo] Alo]a] 24 T AN

(B

LA A}, olF EIE 0.2M tris buffer(pH8.0)E 100ml 2 W33 QA
2](15,000%g, 20min)38}lo] AP dg WRA] 3|43lo] EMof Al&3lgict

o]ull pigeon liver peptidase:, pigeon liver powder (2.5%)%

Mo

50-100mesh Dowex 1-X4 anion exchange resing *|2]|5}o] pantothenic

acidg At AHEF B AL A&t

4 WlER D B A WY
. ded Az |
vl E}RID,2} H]E}NIDsE= steroidf&wo] FFILRE Z:

2 ge
™, ergosterol& H|E}RIDE] A TLAHMZE (provitamin D)EA UWWE XA}
st wlElWIDE HABEEE (Fig. 1-3), ergosterol& A|FIEHE 3}

of A& A zstelct.
(1) Hapten?] A 2]

4, oh&3 Zo] ergosterold A |F 22W ©AHAE
aldehyde® AZA|Z o] 7 tha A Ql schemed Fig. 1-7¢] UIEl]S
c}.

(7}) Ergosterol acetylationo] 2]3}9] ergosterylacetate
2 AF: Ergosterold pyridine £nuj3}ollA] acetic anhydride® 42
oA Bt WxFt] WGAFIIL ER B A5l benzeneoZ F &3
th, IN HCl, &§F%, E3FNaHCO; 123 E3NaCl-&YL] &AM E Al
A3, ZUAFH semisolid residueitel?] ergosteryl acetateE &

olrh
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Acetylation “, CHO
- Ozonolysis
AcO 0 /"N e — ] ,"
HO Pretection of 5,7-diene o AeQ722
o)/—N W
Ergosterol " bn e
' Ergosterol-acetate Ph
( Cycloadduct) 20-Aldehyde
. Eihylenediamine #r CHa-NH-CH-CHz-NH,
' e CHa=NH-CH,-CHp-NH;
LiAIH, HO '
— .'
UV Heat
HO™
BSA #4, CHz=NH-CHp~CH,-NH-C~BSA
——
EDPC )
§
Ho™

Vit.D-BSA conjugate

Ifig. 1-7 . Schematic procedure of vitamin D~BSA conjugate.
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(Y}) Ergosteryl acetate?] 5,7-diene groupR I & $|35}o]
cycloadduct® %FE: Ergosteryl acetated CHClzol wof -70°Ce] dry
_acetone®] ¢l 4-phenylurazoleo] ¥3}3: 71 &% oA 31;]?.} RIS}
3, alumina (grade V)& 7}sti 1.54]7F ©f awrstglch o33tz &
g FHAIE VEANE S ol & benzened] Holil WA YoT
A W1E3tA] 92 4-phenylurazoled] ZPE A AT Benzened
FUAFIE Z2 X2l J[Fo] Hiul, etherE 78t HA F
o] AP, EtherE FWUAFIL © ol BEH HAAS
ethanolof A zjZAZ st F4 HA}e] cycloadduct& ¥l

‘(t}) Cycloadduct% ozonolysise] 2]3}o] 20-aldehyde® 1t
E: Cycloadduct& methylene chlorides} mefhanol.il Z3Eo Holx
dry ice—acetone% o] £3}e] -70°CE A 3}H A ozonizationA]ZH T},
olu] ozoned F<&2 ¢ 0.lmmol/min® E 3}git}. OzonideZ} 7 &
Mo A AIJIAR purgingd}il, ozonided B Awldlo] aldehyde® 8l
7] £]3}%) hexamethyl triaminophosphines 7}8}.37_ -70°CE& /A3
A akstydct, thEe® EFoE A3 ether® FE3}oUTL
5% HClzp BE A AR te TLCE  uhgsir]  ge
cycloadduct® e Ea[slgdct, 98 A A3 slod 20- aldehydeE
2%t

(2}) 20-aldehydeo} aminoZ| & ¥ Wl ¥A 3}

20-aldehyded ethylenediamine (Xt ammonia)®} ¥l
Al#A aminoZ] & HAA]7]3L, LiAlH4E A 2]3}o] deblockingAlZl tl&
UvzA 9 dxel2 43 Vit. D2 haptend 2| & $E31%ic)
(2) Conjugation

Qtol A} &£4]%t hapren?] amino”] & carrier protein‘,’j_ BSAZ]

carboxyl7]oll A% A7) 7] 2]35}o] WSC (water soluble carbodiimide)

BHE& AHEstdct. &, EDPCEASle] ol&ES UIHEH BHY
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Vit.D-BSA conjugate® ZH|stoich YR dAow Agsec,
L Ale] it
AU 500ugS Freund’s complete adjuvant (FcA) &t H8hulz
Z§stn RIS ﬁ“ﬂﬁw}wﬂ%ﬂﬂﬂhﬂ‘mwlmﬂTHﬂﬁd
2ol % FCAt)Al Freund’s incomplete adjuvant (FIA)E ARg3te] F71
wel g Asint. We 1529 ¥, E7)9 ARHWoERE qYsio] I
ye masidch wAY ot wAY ELIstl sel AFskch 3
nicroplate®] well@ 2ug/ml2] Vit D-BSAE 10044 coating® ¥, 8%
sy M e AMe|s} goat anti-rabbit IgG-HRPE RHE&AIL ¥, 71489
(TMB)& E7bote] TANSAIZ THY, 450nmoix Ao =& HEHA
t}.
v} A AE ELISA |
Holglel Vit.D-BSAS T3 F free vitamin DS} A £A5
BSA 0.5%8] ZAYSjolA 1112 EYste] ZUNEE A 2XUAE A2ish
gt o]F ™MB 7lA&AS Nelsln FHEE FHANCL

1. Biotin®] A&Y AY

7t mAWAREY (ELISA)
(1) Biotin-KLH conJugate«] E’*“ "
ELISAE o] &3} blotmé '1"—‘11?5}71 -rl*ﬂ* E"P‘“Jr %‘Ha
o\t a7 Wasich e} bioting EA}Eo] 224.3 daltono. 2 uhS-

R
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& Hag 4 ggich. tixE 3 |
o 43} He Foj=
KLH 3hugt biotin

(anti-biotin-antibody)o] 44" #A
o F o FUnto] biotino]] thEt HolHANE BHH
M e A vle) UANE Mars}y)
1.8 A7} %29 biotin-KHE RAWOET AEBIE B7sln
Zol 2 YAIE A=Y 5 AW 71—5’: T 89S WY FHA
Freund’s adjuvant$} @7 REtelg wHEolM wosa,
% wlcto s iy 7bEA ol Ael 27} W (boost)stgly] WBQl 2
L2 AL YA U 4 A4 5 2 WY S AL} cdELISA
of &l8f biotino] thY AL FEF 2alsldrh. U ZAH BA
3t9& o, Fig. 1-9o) uielet uie} o) 3 W Eﬂl——l 5 A A7t st
Bl & dolxtom WANE 1Y wA Urlytth,  webd ol AR
oMdE 3 W E718 5 & Y A&l

oAl YPE iR ARk, A olele] T Q&
¥ 42o] BHA AW 2900] § 45 YOBE AR BAol: S
BAsle] AMEItEEl. &, cdELISAR AJE29 bioting ZAY uw) H4
HE&E w07 218l microplateo] coatingdl E A& protein A column
2.2 FAIS}3L sephadex G-25 colunn®.E ¥ (desalting)d}od Abe-3ta
o, Aate] chromatograme Fig. 1-100] Ul ule} Zr), o] B¥E
& A71Y% (SDS-PAGE)sto] #elstgdrt. =, desalting columng EI}A]
A de F2 BYE (3, 4, 5 £¥)9 %7} heavy chain (50 kbDa)z}
light chain (25 kDa) 2.2 #}2]¥l band & Uthiome Fa" wajs

EE7 B YA (16)8 BT & Aoz yund,

{o

>
B
32
a

fd
s
a2
-z
i-Q‘
o
ol

it

(3) 7ZYH ELISAY] ¥4 274 AR

Bioting] £4o] ZH ELISAE ALgsby] gistel 7|EAQ B z
Ag AE syck. | _

Fg¥ol €%t A ELISA (cdELISA)S] Aol coating BAe] 314






L] ¥ ] ] T T A)
3F Anlibody ' ]
$\. \

\ ®

o 2 | J ]
«©0
o
£
. §
L 000 004,950
2 4 8 8 .10 12 14

Fraction number(iml/fr.)

Fig. 1-10. Chromatogram of rabbit antibody (IgG) on protein A column.

120 —
"
v i
— ~
1009==< :J 4
’ "V\.\‘
N,
8o - \v N\
3 N
g \
é 60 | \‘
Avi
< © Biotin
40 ¥ Biocytin
¥ Desthiobiotin J
R Diaminobiolin
20} DO 2-iminobiotin v
o '_"‘f IL,L’ T B paand rand
0.00 0.01 0.10 1.00 10.00 100.00

Conc. of Biotin(ppb)

Ifig. 1-11. Reactivity of polyclonal antibody toward biotin derivatives as
determined by cdELISA.
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FE, blocking §%, biotin-F 4 H¥AIQ biotin-HRP2] 3N L, 7
2] FF 5L #ESHcE ¥l Y%7} 2 ge/nlo] HEE coating
buffero] 3]43t &A1& 10041 4 vello] 2S5 4 CollAl 3454 x4
71 ¥ cdELISAE 33}l Blotln-HRP2] 5= 40 ng/ml (ppb)& 23
EE 3ol Agslodth. o]t bioting] FY WAl YR W AN}

E251A =1, Al&2F bioting] FEXjolof] ulE FFxe] Wyl vy
Sl UelA] ¢b7] wBol olaldt Watg msty] sidoldnt. g UM
& 13 F7isHe 71AE A ABTS/H0:9} TMB/H0:E A}&3tod wlaslal g
o, ¥}l 3271 HRPej| tf3}od “H RIZSHA gyEgleEg, & a7
ol M= 0,01 %2] T™B (0. 01 TMB 0 05 M phosphate citrate buffer, o
5.0, 0.1 % hydrogen perox1de VB U8 ARRshact

Ao 2%t ELISA«] —roﬂi microplate wello]l coatingA]¥]
o2 4 biotin-KLH conjugate?] %=, coating MY, coating ¥
blocking ¥, 1 X} 3A1Ql & biotin 3|2 FAujL LU XA A}L3}
= buffer, 2 &} ¥A-2L YA HY wg, 712 FF/ 5 44
@E'}ﬁt}, g oz AlRE|E= biotin-KLHE coating buffer® 3] 3}o]
whal %E—‘S— 2 ug/mlBE SET ZAST F 10041 A wello] 23 4
TollAl stF4 WhgA7l= WHE o] &3t EY 3 uhgsie
2 ALY = FFEY HEEo] 713 A Ul 40 ng/ml (ppb)
2 =2 sl AMgstglen, 1 A Aot AYste 2 2 ¥A-EL
§A|Q] goat anti-rabbit IgG-HRP conjugatel= 1/2,000& | Xu|&& 3}
T}, w3 wAe g3 HWslste 7]AR ABTS/ Hzoza}A TMB/Hz0. & A}-8-3}o]
vt ot ZHgd ol 23t ELISA £ ellA biotine] ¥ whgo] A=
o|Folx|=]: ¢lolrt.  ole ¥ KIH Ao d¥oz AzEglong oF
vl = 5} #]is}ou] biotin-BSAE 391 © 2 coatingd}lo] ciELISAE 3}glon}
HE AETL ol HAR o] &3}rlole H AR ¢dglel ,

Biotin ¥AE o]83 AYA ELISAY] FFH TPl 23ty

4

o

o
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bioting E4% w, F ¥ EF FAU UL coating® Fof
b'lOCking*% 3}x] erokth ol B Aol Al o] FYHoE 4
3l5}= utgtlAofA], washing buffer ol %‘:Zﬂé‘}% 0.05 % Tween 200°]

T SojA uEo]Fal AL AMAA EMo] AL FA U
2 ez g7y, BAHCE blockingdll AHEA Y& 0
gelatin® AF23}o] blocking® 3}l blockingE 31x] ¢t wie} &
wmstel Mok u, BHelt olPd dg uAA guth EY ¥
glz}e] AEE AL $8le] wello] H 713} biotin-HRPE} biotin, %+
3k 2} bioting] $% Tl Alde] FE3] EYstAE o ¢B¥H 24

AE d& + dgrh

ol ol Mo} Zo] FFol ¥ £42 BAYPET} AEAET w3,
2 A} A Al Ajzlo] ASHEER Wl ALt € ¢ AMEE
Eao] BAY 4 glo] Mgl AP Aoz ueiylth wmEtd & A
ol 2ol &% Z 3 ELISA] 2|3}

well

O

i

_9,

bioting& EAstaich

(4) 3biotin A] AARTS

8} biotin 3A|= biotind}t FR7} H]£¥ KA} HiE}‘i‘ll}E ZAgto]
HesteE, o]E el 2sle] AESIYch  F cdELISAYl 2|3,
bioting] S EA|So] t]3l Bolskx|e] LxHI-E (cross reactivity)E 7
Estgdch. 1 A3} Fig. 1-110]A48} Zo] biotinRTH= biocytino] o
o] o @ Agsts Ao Ueldth # REAEY zapiige] =
= biotino] t]3t AYAEE 100 %= 3t51& wl, biocytino] 177 %% &
™ desthiobiotin, diaminobiotin, 2-iminobioting RF 0 %E UE}uT}

(Table 1-1). ol&dollA & 4 YKol £ MYolA &3t ¥ biotin ¥

o,

A, biotinKEThe biocytinzt v] & Agstgdrh. &L} biocytin® A
Aol A biotino 2 ATEJ] wBe], A bioting] 4L FYY &

QA HE Holnz mxplgo g gt BEAlE gt 2oz AzHcl =
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Table 1-1. Cross-reactivity of biotin and its derivatives with polyclonal

antibody as determined by cdELISA

Biotin derivative ICs (ppb) Cross-reactivity (95)
Biotin 223 100
Biocytin 12.6 177
Desthiobiotin -

Diaminobiotin -
2-Iminobiotin - 0
120 — }
1000\
‘@
80 -
&
2 60 -
= ! Y
40 |-
20 [
\
*—__
0 _._I }..l PP IR B 1 ﬂ
0.001 0.01 0.1 1 10 - 100
Conc. of Biotin(ppb)
Ifig. 1-12. Standard curve of cdELISA for biotin.
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gt SEAUA biotine 2 ABEZR] ¢ tlE FEAEC iy A
A= bioting] £¥S FIY

(5) Z Aol &3t &I Y

Biotin E£TM L AEE MY winjct FAjol FPdsieich
Biotin EZ8ale] S=& 0, 0.01, 0.1, 1.0, 3.0, 10, 30, 100, 300,
1000 ppb7} %A washing buffer® 2Z}z} 3]A3}3L biotin-HRPR} ¥l
cdELISAR BA3}o] Fig 1-129} L EEIME T3t &3 7163
bioting] %% WelE 0.01-300 ng/ml 2 ¥l2E Y2 Helo] A Ao
Thssleln AS ZAEE ]S oA bioting] H&E ¥AIL 0.01 ng/ml
(ppb) & YE}yC) o] A= Lee 5 (Lee et al., 1990)of 2]¥F ELISAS]
ZASETH oF 400 ) ol ¥ ZAo=A uj¢ FIZY HE AEACH
Conjugation?] Wiz} AMg whudle] 2F 223 A7 Bol Bz
2] zlojofl 2]ste] @ojz ZAzpE Rolm BSARTH= KLHE biotino] thit
carrier protein®® g3t Zlo] MM A}HAUZE ¢ 4 ddrh
w3t 74E bt B2 Bsi7 W7 wiEol bioting] we] ciodsiA
Bxgiol gl oy 7l AEL o] ALY £ dE BEWHe=
J 7}t ‘ ~ '

).

L BA-vh AFEAMY (EPBA)
cdELISAS] 7|12 fle|& #-&3}o] bioting EASl:= EPBAE 3A| tf
Alo] biotin A whiA S AMEIIEE FAE AUY Yo7t Qo] us
H3t wholat & 4 glt).  Avidin -FEH Q] streptavidinz} ELISAO]A
3] AAre 915 A2t biotin-KLHE} biotin-LC-BSAE ©o]-&3}o] EPBA
& stolrt

‘Streptavidine] ®2] biotinZ} biotin-HRP conjugateE ZH¥AIFl

o &

4
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EPBAojA &= Fig. 1-130] UEelyt Bl2} Zo] streptavidine] tisdte] biotin
Bt} biocytino] o 2 Ayslgich  mx}b Wbge] F T Table 1-20) 49}
Z+o] biotin 100 %ol thdte] biocytino] 109 %2 W) d e @zt W&
& B33 thE REAES EF 0 %9 Lapig &S Rk o] Az
Bitsch 52} Finglas % (Bitsch and Hotzel, 1989 : Finglas et al.,
1986)o] 2]%t EPBA2] ZH 2} el desthiobiotino] Tht ZANE-g2 o
L] okorerm AEZEE 0.01 ng/ml 24 o]E] AF AjolA Hr} of
5 v 3= gtk HE JHe¥ bioting BEE EEJHOR FE
0.01-30 ng/mlE ¥l = ict  whalA ELISA (0.01-300 ng/ml)ofl 2]t
biotin AEHH Rt vy F2 A& Heldrk webA avidin Bris
avidin FEAQl streptaviding o] &%t EPBAG] A H]Bo| el ZHdto] A
EF224 biotin o] HU FT}FHIYEE AT (Bayer and
Wilchek, 1992},

Hadgdog ALY Biotin-KLH conjugate?} streptavidin-  HRP
conjugateE o]-£-3l EPBAG| A E Fig, 1-140f VeIt Hl2} ZHo] biotinkrl}
biocytinol] A3t vl &ol wtew TIE FEAo chslir 2xptgo]
dojulz] ¢koirt.  zZH MAPFIR-EL Table 1-3% Zo] biotin 100 %ol tf
3to biocytino] 197 % Rom UMA| FEAELS 0 9] LGS B
th.  EY REIZH] ¥ HETAE 0
0.01-1.0 ng/nlE Ueht, Finglas 5 (1986)2] Zzpuc WA 2
7458 Byrl ol& biotinZ} KLHY F 3§ whdolA 8] x}olel avidinkl
t} ¥k&Ao] F& streptavidin-HRP conjugateE &4 J|AE A}R3}917]
g Aoz Azt

Biotin-LC-BSA®} streptavidin-HRP conjugateE A}-8-3} EPBAL] .}
vl o r}E EPBAY] A-L2} upxrlAE biotin ET}:= biocytine] ©f F
Agsldct (Fig. 1-15). Table 1-40 vehd uje} Zo] mxpbgg2
biotin 100 %ol thd}lo] biocytin ©] 300 %2 LlElYten T}l S=H4E
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120 — |

. r Y. '
1009 :'“\I

r O 0 O—

80 |- \v
i~ L ™N
X o
< 6or
~
< @ Biotin

40 - ¥ Biocytin

| v Desthiobiotin
® Diaminobiotin V\.
20 0O 2-iminobiotin \\
L ——
0.00 0.01 0.10 1.00 10.00
Conc. of Biotin(ppb)

IFig. 1-13. Reactivity of streptavidin toward biotin derivatives as determined by

streptavidin coated EPBA.

Tabhle 1-2. Cross-reactivity of biotin and its derivatives with strepta-

vidin as determined by strepavidin coated EPBA

Biotin derivétive ICso (ppb) Cross-reactivity (96)
Biotin 033 100
Biocytin 0.30 109
Desthiobiotin - 0
Diaminobiotin -
2-Iminobiotin - 0

- 79 -



120 ]

=
‘.g\ﬁ<ﬂ .
@ Blotin Y

9

2.0 31 i

br————rrrrm
s
100
80
—~ a
133
-1 60
N
)
40 ¥V Biocytin
¥ Desthiobiotin
M Diaminobiotin
20 |- J 2~iminobiotin
0 N ' %..l ta t sanul
0.00 001 0.10

1.00

10.00

Conc. of Biotin(ppb)

Fig. 1-14". Reactivity of streptavidin-IIRP toward biotin derivatives as determined
by biotin-KLH coated EPBA.

Table 1-3. Cross-reactivity .of biotin and its derivatives with strepavidin-
IIRP as determined by biotin-KLII coated EPBA

Biotin derivative ICs (ppb) Cross-reactivity (%)

" Biotin 1.58 100
Biocytin -0.80 197
Desthiobiotin - 0
Diaminobiotin - 0
2-Iminobiotin - 0
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120

T
1008 Wy _—
e
80 | -
L
2
e
) | V.
< 60 -4
- © Biotin
40 ¥/ Biocytin 'Y —
W Desthiobiotin .
M Diaminobiotin A 1
20 O 2-iminobiotin -
, , |
0 ._._.' =..1 : NPT BT NPT
000 001 . 0.10 1.00 10.00

N

Conc. of Biotin(ppb)

IYig. 1-15. Reactivity of streptavidin-HRP toward biotin derivatives as determined
by biotin-LC-BSA coated EPBA.

Table 1-4. Cross-reactivity of biolin and its derivatives with strepavidin-

HRP as determined by biotin-L.LC-BSA poatcd EPBA

Biotin derivative ICs (ppb) Cross-reactivity (26)
Biotin 0.60 100
Biocytin 020 300
Desthiobiotin - 0
Diaminobiotin - 0
2-Iminobiotin - 0
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%@3ch. EY EEFIJde] vield HE A7} 0.01 ppbE

2171 mig Fotonz AAR A Fe &4

ol44e] ol whebd bioting] EHE ML streptaviding ol

23 EPBAZ} HAEZLEE &3 LApZEo] Holon, EI HEUE ¥

23 yola og 71x] AEZ2] biotin BMo &34 EEH 5 U&
Aoz Az

th ol BE B4y (MBA)

"7l ‘biotin BAo] BAY WHLE AHF o] Sel MBASH B &
oA gt ELISA®} EPBAS] BEAMwH S ulasielct.  Lactobacillus
plantarum ATCC 80148 ©]-&3}o] biotin KEAEo] Tg 2k B
om 1 Aze Fig 1-160] Uehd il k. MBAol &j3t EAjelA
biotin 2} biocytin, desthiobiotinol thd}e] EF zxpikgo] ojyto
z}z}e] AL Table 1-59F Zokrh.  Biotin 100 %of tis}od
biocytino] 81 %¢] AXWIE&L Hgeom, Miller 5 (Miller, 1982)o]
o3t AY AzlolA e} ulHIIR & desthiobiotine]] tiste] A% 67 %2 i
xpikgol Qojuith. &, nlAE Aol &3 biotin®] FFA, FEA
ol A& bioting] A& ZA] = desthiobiotiniT IAXpWI-go] Uof
wtom, EF Fig 1-172] BEETHoAM & F dRo] ZETA7} ELIsAY
EPBAC] o]t Z-$-Hrh 10 i Bt 0.1 ppb2 UrERRTE

“Bioting] EMo] AMgElE 7 WP gl tidle EMd £aFHE A
b A& A, ZANSE 5o o8 71A] HellA vlaste] & uf, Table
1-60jl X2} Zro] Eo|8tA| & o] &%t cdELISAL} streptaviding ©]-83t EPBA
2 bioting EA4sts Zo| MBAol H]ste] Foldo| &3 Yol Yo

Zbag Byl Re2 uUetylth, 53] streptaviding ©]§¥ EPBAE
%

20 32

it
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120——{ |

1.10Q | @ Biotin
~ B Biocytin
A Desthiobiotin
80 | - ¥ Diaminobiotin
s ¢ 2-imminobiotin
=
60
3
(V)
40 +
20
i 1 1 g vyl 1 ) [l
0.00 .01 10

Biotin {ppb)
l*‘ig. ‘1 ~16 . Determination of biotin and its derivatives

by microbiological assay (MBA) using Lactobacillus
plantarum ATCC 8014.

Table 1-5. Cross-reactivities of biotin and its derivatives
by MBA with Lactobacillus plantarum ATCC

" 8014

Biotin derivatives ICso (ppb) Cross reactivity
» (%)

Biotin 0.08 ' 100

Biocytin 0.10 81

Desthiobiotin 012 67

Diaminobiotin - ] 0

2~-Iminobiotin - 0

Conc. of biotin inhibiting 50 % of L. plantarum growth 100
- X

Conc. of derivatives inhibiting 50 % L. plantarum growth
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Absorbance (660 nm)

0.7
0.6
0.5

04—

0.0 ] 1 Illll= 2.

0.10
Biotin (ng/mi)

Fig. 1-17, ‘Standard curve for biotixll.detennina"tion
by MBA with Lactobacillus plantarum ATCC 8014.

Table 1-6. Co:ﬂbarisons of MBA, ELISA and EPBA for biotin determination in foods ,

EPBA
Methods MBA ELISA
Streptavidin  Bio~KLH Bio-LC-BSA
Test cultures, Anti sera, e e v g .
Reagents media, etc. plates Biotin binding protein
Detection limit (ppb) 0.1 o001 0.01
Time (hr.) 43 15 15
Biotin 100 100 100 100 100
Cross
reactivity Bijocytin 80.1 o 109 197 300
- ®®  Desthiobiotin ~ 667 109 0 0 0
Detection range (ppb) 0.1-05 0.01-300 0.01-30 0.01-1.0 0.01-1.0
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.01-30 ppb= H]ZLY F7] wjRol biotind] ko] o=AE UFsIA A
glo] gl A|2E9 biotin BEMojA 8% Aoz yzHch ®
bioting] o] TistA £EH = A EA B M ELISAC] &3 &£
o] f83HA EE&H 4 U ZLeE 4zt

% WY Pges usidth ey o] ASdle A&wE WA
0
-

BEE-ET DS SR CE

(1) & 279 Z&

ojatoll W ZA&WHE LIS AAR o A AHES
biotin g £Asigch. Mol ARY ARES VA AF, VY
B AE FAF 5oz FEsI Ay whhd B/ ddel uel 3%
AAesta, A&HY Ve =71 = EF washing buffer® ‘ﬂ'ﬁ]‘éi 3 ,
M5te] Abgstedrt. 2z AlEuitt biotin Bol Tyt FHY MF &R
7} Q3 FEA R E FUYRA] (nutrition fact)7} Elo] A Yem=
MBAS 7]Z2.8 slo] ELISA W EPBAS o] &3l EMsiqrt. H4&3t &
2 uae a3sial g A2 3% (g £ nl)ol ciE bioting] B

32} (ng)3} B4 x]2] Ml Table 1-70] Vet vl Al

| o090 Hool MBAG] Sl%F biotin ¥E BF 32.20 (28.5-35.0)
ng/mlo]gl  ELISAGlM:  35.90(34.2-37.6) ng/ml,  EPBAGIAE
32.10(30.5-34.5) ng/ml 8] £ x]E Uehjo] ELISAL} EPBAC] &% B3]
o} MBAS] &J3F Bz zhe] Au@|AL ul$ oy, MBAdME B8]
#9)7} 28.5-35.0 ng/ml 2 B x|7te] ex17} vlad AA Jepudch ¥
438 AEQd Y EBdolIeld:  ZZ  9.35(7.0-11.0),
16.5(14.5-18.0), 12.2(9.5-14.0) ng/go 8 EAME o, W-melojE
A0 AS$LE 8.6(6.2-11.2), 15.2(9.5-14.5), 11.0(8.2-11.0) ng/ml 2
Vel 7w s 7ie] 2Mx7 2B o g AsA o7t itk ol&

Agnitt 2294e 27 thEA A8 diel Z ArEd] FAz
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“ Table 1-7. Comparisons of MBA, ELISA and EPBA for

biotin determination in foods

EPBA

Foods MBA ELISA (stréptavi din) :
. 322 359 321
Milk (285-360°  (342-376)  (305-345)
, 93 165 122
Flake (7.0-110) (145-180)  (95-140)
i 8.6 152 110
uice (6.2-112) (95-145) (8.2-11.0)

2 Mean of biotin concentration{ng/m}, ng/g)
® Range of biotin concentration detected

Table 1-8. Recoveries of biotin from foods

Biotin detected (ng/g, ml)®

Recovery rates of biotin (%)

Foods Biotin added®
(ng/g, mD  ypa ELISA EPBA MBA ELISA EPBA
0 322 359 321 1000 100.0 1000
20 483 573 475 926 1025 912
Milk 200 226.7 2195 2135 973 93.0 918
2,000 2.806.1 26123 21710 1381 1283 1068
Ave=1093 Ave=1076 Ave=9%6
0 94 165 110 1000 1000 1000
: 20 186 285 232 632 780 748
Flake .
. 200 1643 1637 1526 785 75.4 720 -
Ave=708 Ave=767 Ave=734
0 86 152 122 1000 100.0 1000
Jice 20 197 253 198 689 7.8 615
200 1280 1514 63.2 614 70.3 76.8
' Ave=651 Ave=711 Ave.=69.2

% Biotin added to sample prior to extraction
® Mean of biotin detected
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whe] mE o skA] adlel og AT wAEch IRE 7 AR
njt} oheA MAE 32 239 T8 AR 9Iske bioting] 34

&& &35t

—
(3]
~

QdgjF e HrA bioting] HFE& £4

oo w gy Zaold, YI-IIE Fof tiste tisty &
Ao QlejA o g HrA7! bioting] &akzl $& Fo] I4H biotin] ¥

st ZAste 74zt 34 Fetgch. 2 AR nith g (EE 0)%
20 ng, 200 ng, 2000 ng®| biotin& 3 HAylstelen, 0 ng/gd] HE/MA= 2
A Zo] ZzYsH= LG biotingaF o2 slo] A4tSle] Table 1-62 £
= olgsidr). 2&=z7o| tIE 7 A2of tistel MBAZ} ELISA, EPBAY
e A1gsle] bioting] ¥4&E FHFsIYen I A Table
-8o] UEld ulet Zth  wd AlERY $RAEA Ffol 47 109.3
%, 107.6 %, 96.6 %] &L 48L& HIou, V4IE AEFA Y
Zyo]ze] ALl 70.8 %, 76.7 %, T73.4
=651 % 71.1 % 69.2 %] W 342g 747 Uehyith  FiolAe
biotin 3Zgo] We AL olule FAF EAshe Miut wjepl C7}

Whasly] wiBel Ao gt YRR F& AR
2251 3} o] ascorbate oxidaseE A 2|3 TAE HIsle

5, B Fo) 2 AAsHe 34 (Hood, 1980)0] UL g o2 e}

]

E9 S84 28 biotin H4gol THE AREe H4gol ustel &

& Ae, biotino] AEZFCIA wAI AUY YeI2 EAsH]

HEo] o]& HelAl7l7] fiste] WHA olgl 7X WEEol #2 biotine]
A7) ©EQ o yetdch  wmelA bioting] E4ol o]

A, s Ba) mAcl papain A7t} A EE Qe 7R Bof o
2 22uol g AW PHA Ao Uriten ol Hoodsl At
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) Hoppner 52| Zz}e} Ax]3}gict (Hood, 1977 ; Hoppner and: Lampi,
1983, 1987, 1989, 1990, 1992, 1994 ; Lee et al/., 1990).

T8 22 bioting] 2Ao] 9lojA] ELISA I EPBAS €8sty 24
A& PEs 5] gL AR AAE BPE DA T 4
S 23 248 2 4B Bdol WA skl ARz A7t <

k .

(3) Zayde A=Y 2%
A2 &4 (Table 1-6)3} ¥4+& EHolAMY A& (Table 1-7)
& o]&3lo] cdELISA2} EPBA (streptavidin)g] W=zl 7]&2] EAwel
MBA Zte] AU AE Fstgdrh. MBAR} ELISA 28|31 MBAS} EPBAS] 4%

+= Fig. 1-183} Fig. 1-19o] UEeld ulel Zoj, AL 2T nf& 22
A BAL  (correlation coefficient)® UIERJQITE.  ELISAY) 7 %)
r=0,9922] &2 AUEE Hyon, streptavidino] £]§t EPBAS] Z-folli=

r=0.9792 H|2¥ 2 AAVBVAE = RoE Uiyt
ayRz. B Agea s)udt ELISAL} EPBAS] &j3t BE Eolz 7|
¥ (biospecific method)& ©]-&3}9] bioting BM3H= AL &3t 3
AA

el UstA ThEe] ARE BAHY 4 glo] Aoy AR 59

fr

o

bioting &Fohe WUOET WY 4+ e FOE 4Z4Hn, Uob 2
4ol WAYE FHU 4 AW AU % Yy A7} 5ol We =2
o] & -4.‘- 9lg Aog AMztHr} (Table 1-9).

2. Pantothenic acid?] A3 7y

7h. mAEAEPY (ELISA)
(1) Al Bt 9 54
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250 T

200 |

r=0.992

150

100

ELISA results (ng/ml)

50

y=0.99536x+4.32304

Il

1

Fig. 1-18. Corrclation
cdELISA (n=12).

100

MBA results (ng/ml)

150

200

of biotin contents assayed by

250

MBA and those by

y=1.02304x-3.0201

250 .
200 |-
i3 r=0.979
2 150}
2
a3
g
X 100}
0.
[
50 -
o 1
o 50

100

MBA resuits (ng/mi)

150

200

250

Fig. 1-19. Correlation of biotin contents assayed by MBA and those by

streptavidin coated EPBA (n=12).
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Table 1-9. Summary of biospecific methods for biotin assay in foods

‘ EPBA coated with
ELISA MBA
Biotin-KLH Biotin-BSA  Streptavidin

Detection limit

0.02 03 0.2 0.03 0.05
(ng/g)

Cross-reactivity .

against biocytin 177 197 300 109 66"
(%)

Assay length

ssay eng 15 15 15 15 8
(b

Correlation with

A 0995/ 0857/ 0691/ 123/

0.982 0.979 0.994 0.976

(a / r value)

*MBA has additional responses to biotin D-sulphoxide(10024) and D,L~oxybiotin(50%), to
which biospecific methods do not have responses (Bonjour, 1991).



Bl A% ELISAe] 2J3) ¥ &Fe =gl (pantothenic
acid-BSA(BAC) E+ pantothenic acid-BSA(periodate))of th3} o] o
E A A3}, Fig. 1-200] Uehd viel Zo] 23 o]F F H¢
BE 433 A7 AEEASE o 7 ek ofFY APM = 33
|

FE AL A3t
(2) ciELISA | ‘
5 54 E'i‘?f!-r_a coating®}d o8 313 o]Fo] thyt F FTH{Y

FAE 7z} o] &3l 2x2, =Y Y 75—?-9—1 ciELISAE ofu]3 ez A3}
2 olm Yol WIT AUl AlUbAlE AESkALh T A3 Fig
1-213} Fig. 1-22¢f eyt ule} Zre] pantothenic acid-BSA(periodate)&
coatingd}til AT Spantothenic acid-BSA(BAC)SFME Al23t 7 %o

Rt &gt FIMEEE Bt
(3) EEIA
$tZolef 233 pantothenic acidg& o|-&3}o] A A%t ELISAS] &
2=z Fig. 1-237 Zth 7oA pantothenic acid?] ZHE3HAL

lug/ml (ppm) P& & 4 3UeH, ol 7|&8] Rio] u|ste] 10u]o]/F¢
W& AEPERA A4e et Aok
(4) FLA8E2 (cross-reactivity)

thE3F ¢l pantothenic acid FEMEo] th3t A XSS ciELISA
2 ZAESAE wl, Fig. 1-240f el ule} o]  Fpantothenic
acid-BSA(periodate) #H|¥ pantoyllactine, pantethine, pantothenyl
alcohol, Acetyl Cot S3be Al Mg4o] glol Holxol nlg staict.
o] Morris 5(1988)2] 7Z-9 CoAgt 0.1%2] XML, Wyse E(1979)]
7% pantotheineZ} 0.3%7}8}8] AAMEES Bl ZRct 43 Aol

1}, ojAlEY (microbioiogical assay, MBA)
(1) EEZA
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7 @~ a-PA-BSA(BAC)
~8— o-PA-BSA(periodate)

2 -
4
L0
<

1 -

0 I T T 1 ]

0 1 2 3 4
Bleeding Time

tig. 1-20, Production of antibodies by immunizing rabbits
with pantothenic acid-BSA. Bleeding is done after
1 week immunization.

1.4 -

13 4%

—@— a-PA-BSA(BAC)
9 - —#— a-PA-BSA(periodate)

e e i Enaais
0 0001 001 0.1 1 10 100

Concentration of pantothenic acid (ug/ml)

Ifig. 1-21. Standard curves for pantothenic acid. Plate was
coated at 10ug/mi with pantothenic acid-BSA(per).
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Fig. 1-22. standard curves for pantothenic acid. Plate was
coated at 10ug/mi with pantothenic acid-BSA(BAC).

1.0 4

9o

Abs. 450nm

0.0 _‘"‘—?%"T_V_Fmﬂw—mﬂﬂmﬂr_"ﬂ'ﬂfﬂr—mﬂﬂr—
0 001 o1 1 10 - 100 1000
Concentraiion of Pantothenic Acid (uglml)

I7ig. 1-23" standard curve for pantothenic acid determined by GiELISA.
Plates were coated at 10ug/ml with pantothenic acid-BSA(per).
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Table 1-10. Detection of pantothenic acid in food as assayed by microbiological assay

{(MBA)
MBA Food Tables Recovery
Sample (mg/100g) (mg/100g) MBA / Food Table
(%)
Bread 0.35 03 17
Egg yolk' 42 18 om
Liver (cow) 72 8.2 88
Lettuce ' 032 02 160
‘from nutrition-fortified egg
% amb's liver
Table 1-11. Detection of pantothenic acid in food as assayed by ciELISA
ELISA MBA Recovery
Sample Dilution Aso | Detected | Corr. Assayed | (mg/100g) | ELISAMBA
' ratio (ug/ml) | factor’ | (mg/100g) o
Egg yolk? 5/100 0.855 23 2 46 46 109
Liver (cow) " 0.854 23 2 46 7.2 64
Lettuce " | 0.901 1.3 2 26 0.32 813
|

"ug/ml --> mg/100g
%from nutrition-fortified egg
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st 7t (Bald wstel o3 SAUUY AP Al EE Wbl
o]3t wislox Eao] shsstefol It ELISAL] *Hal 2 oo nlFgmEpd
BEawel AL 2o gor}, whde I ANyt HyHdge] st
22 gX41& $I51e] hapten-carrier protein conjugated HEE A%
3 Wert g ol 7HA & zelolch HI&R{ @YAA UF, #F
A, o Sof oy Wty Byl AEERS et 4

Ul Thga Byl #ste] AlEE® J1g3 Zch d¥E 539

R ARy 407} shidoln, 2 A Aol AEef %%Eh:} pl
£ 4,5-5.00|t}, tiEREE F3U A curde] Pak] FAEE UL
= ede wWEg AT WL gz o, olode trypsin

inhibitor, hemagglutinin 5¢] Th¥d& {3t 9lrh T Fghag 2 o]
7058 A= FHAEL glycinind} beta-conglycininolt}. Glycinin
(11s  globulin, #x}8F 300-350kDa, 12subunit® 34, 51%)3}
beta-conglycinin (7s globulin, Weh¥d, Fx}gF 150-175kDa, 3subunit
2 74, 199)0] Fa4Rolt) |

dxgle] A7 PR FuUidt £ Foleo] EIE-HI. lls& oo
124 ohgslel Hal 117E Helo]x RSl Lt oo oyt 2Rt
SE BEAeo] oFE HY sHsdo] Atk wetd, ojg ¥l 7s T B8
BHe a8y Waryl gt Hemagglutining ol ELHIEE F2
Zujato] ofut}, ELISAOIA Hitchcock T2 TIFHRAIRY F&4 =
AL urea &3} mercaptoethanol (ME)E X}g3}i, o]ojA 48T
= 1008] A3 T}, ELISAE BPo 2N s 2 EMAAE R4
r}, % Ritteburg Fo| o|& siAsle] BYUZAS FEY F, ureadlo]
A Jolil cystinef BENOE ‘renaturation’¥t ThF BAsle] k&

e A= BE H4gS 23 Yok

L
=]
g

ui.L,
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Ravestein 5-& nitricellulose® (western blot}3])o. 2 EM3}9+=
o], ME W SDS7} 383 buffer® &% marker® 11s8] ‘Al° subunit(Q
ARG BS)E ol &3tydrh o] A% tiE TR aAPEE I3 W
™, 0.5% TRFEYEIIAY EXo] 7ls¥ Ze® Uelulth Janssend
Dot-blottingt 0.2 BHstelg vl feho] A&Fe} WA YW Fol
7193 ASE iFeNAe] Aol of#rh ol H43 modification
o] Aztz FFHc) ulebd, olof Wit 7t ZEs} Wasich oyt o
FA] 3ol o= njFe] A0AC, 2] Association of Public
analysis, 71GA/ AR d7adld BAAY hERREe] A2 £
o 2 A ELISAE A 3tx alrt.

4 wagel welBayel tisld AWER Thed ok A

casein® monomer] Hz}eko] 20-30kDac]|il, HehAe] 80%E X}X|§F

o

th CaZ¥y Adxtddolm, £H%F colloidal aggregateP gste] AT
t}. 4&F subunit® U} A|=v] alpha sl, alpha s2, beta, kappa-casein
oltl, XRARL HAEEZ U}oL: SXo F2 IHFH whey proteinols
beta-lactoglobulin (X} 18.3kDa, 9%, o vi¢ E¢F)=
alpha-lactalbumin (¥-x}8F 14, 4kDa, 3%), serum albumin (E=}3F 67kDa,
1%), immnoglobulin (&=}%} 160kDa, 2%) To] Qlcth
< §7EESY casein@ &oll ul$ Z}Holrh 13
L, JEE3E 7Y AEL 449 TR sl FEo] THU £
A7} glth. Teufeld sandwich ELISAR £A]1X] $&Eo] F&3stgsd, 3
£&o] YA eyt StaskE FEFEL] MAES 28 LAY BA
4 W #Hadlgdom, Rittenburg:s AE FHYIIL enzyme- casein
conjugate® AMEY BN A&IA AESte WHES AMUsiddch ¥Y,
Heppel < 7HgAl ¥4 Z4E BRI, ol dWehdde ¢
tjz#o|r}.

Az ghde] o] ciste] AwRd g gl 9l A

i1

“)'_l
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W2 AN Fe] 10%7} whAo|tt. 3F o Fito] ovalbumin (217}
45kDa, dEUR )0l ol FERAHE FsAA $¥F/AN} 2R
A FEol chgstA #EE gl thEe 2 10-12%71 ovomucoid (FEH,
H=xlek 28kDa, 8 o 27), ovotransferrin (conalbumin,
76.6kDa, EA%}), 12 ovomacroglobulin, ovomucin, lysozyme (
15kDa) &

AT MEYEE7I BASl P& dadol welRln Yt
+= immunodiffusion method?]3] &71ZEF ul7lgdxe|¥ Asgtolr}

AdEd Fele] Adetdd S e, 12AAT AL He
o] A== FA7} AUt el ojg HAFF Y FEoME A
fztAo]l ofl|git}. & Breton: EIA W SDS-PAGEF immunoblotfningoﬂ
ojsto] MABZYUZ AR whide] A& S AR

2 dFolMe FUold A7t FAF oOF, 7 A
chlde] BEawg i sy AEsst Aol ol ¥E
SolAe At 2 A Az if"é. ELISAS] 2238y & &

thedt ge A7E Susiech

o|c}.

Hauser

r\‘l-l

L

b

ol
o K 4o
i

!

A

-t

2

A2zd ¥ ¥

1. chechdde] A&y Ay
7b. thEEh L] &
(1) 118 acidic subunits®] &2
Alare]  AZ IR gtnx}z} AAE) soxhiet ¥ & o] &5}

=
'é'
hexane® 2 WHAStT EASIA, o 7258 WACITELE QAgth olF
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11S globulin (glycinin)& Iwabuchi E2] wh.& W33le] He|. A3}
31, Superose 12 columg ©]&3lo] Azttt ThELE 11S acidic
subunits (AS) % basic subunit (BS)& £=2|3}7] ¢]31d Laemnl i ®) Hh
© % 12.5%2] SDS-PAGEE AlAI%t ¥ ASHEE RE whidg ¥4siz B
E 4TColA 297 §4 F 52 - Axsldch E3, RB. Iyengar 59 %
Hog DIT (dithioer;ythritol) W JAA (iodoactamide)E o] &3}ed 7z}
11S shyd g S 9 WYY ¥, LojenBzol &3] Z} subunits]
e A& =3t

(2) EelchFeige] En

—_—

el Fe (ISP)2 (F)F&4UAHE 78 F9U% Supro 500E
(Protein Technologists International Co., Checkerboard Square, St.
Louis, MO, USA)E A}&3}gict, o] ISP 100gS 2L2] 0.03M Tris-Cl buffer
(pH 8.0), 0.01M 2-mercaptoethanol (2-ME)ol] A}2ojx R3Jx]|7] T}, 4
T, 25,000xgoll Al 308 YHEeE|st] &2 A A& FAA=RSG LN, o
€ ISP(+ME)E Wwsiolct. g, oluf 2-MEE F7I8IA] 42 buffero] &
33t @& A& ISP(-ME)E g3t
Ll e Agat _
tiFebg o] iyt HoldA e AatE ¢]ste] flo] wid g PBS
(0.25M NagHPOs, 0.25M NaHzPOs, 0.75M NaCl, pH 7.2)o] H}Z &3)3}e]
st SDS & AEy ¥ "HYsidch F, dolA £ 11885,
ISP(+ME), 12]3L ISP/SDS [ISP(+ME)E SDS 0.5%, 2-ME 0.02%, urea 0.5%
33t PBSOl 6mg/mle] HEE &Y ¥ slEANEY AIE 2] 2vie)y
o] E7] (New Zealand White)o] Woistddrh. ojmj 3] mejgl ke
500ug 2.2 S}l PBSoff 83JA]# Freund’s complete adjuvant®} E3§}3}o]
ustEALsITE. £7tEY e 2-3F TFHoR L WHHOoR AL
gt ojulli= incomplete adjuvant& Al-g3tleom, WY F 13 F xj¥sln

gty yg Halsldcrl 53], 8JSP/ureadtA]l= Sigmarle] AHEOFTA
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acetoneX| 2] 2 3 4¢ o] FghUA S EAL urea® H2Y Ty WY sto]
A2 FAE AL Zlolrh

T}, 3HI1S. ASA-FE A H3lae A=

e

Protein A column % Sephadex G-25& o]-&3to] Ee], AX3 8l
11S.AS8}A] 1mg (PBS buffer 0.5mlof 23])& CNBr activated HRP Img (&
F4= 100ulofl &3))3t ZYF, o7]o] HLAEA 10 ul®] 5N sodium

cyanoborohydride &9 (IM NaOHoll £3)& &2z} #7713} cf2 1A17F 4

flo

off vlz]jgict, o]e] A quenching buffer®A] 20ul2] 3M ethanolamine -&¢Y
(pH 9.0)& 1587 He|¥F, ©dsta 50% glyceroldlo] Rt A 185}

st

Oll

2}, ELISA (enzyme-linked immunosorbent assay)
Aol d7te vl A A ELISAG 25t HAFsigla, ol Fwhyze
AL 9%t 7 W v B3 ELISA (ciELISA 9@ cdELISA)E AM&-s}

=~
__1

(1) ciELISA
ISP(+ME) & 2ug/ml&] %% coating buffer (0.02M Tris buffer
0.15M NaCl, 0.05% Tween 20, pH 9.0)oll 23i3l2 Zt well® 10012
3 4ColA SR RIS, 33 MAF, HYWEE MY I o
T 101 RS 10014 Yi, M2oA 1 A7 kgA|Zrt 3
3] AFsta, 2xFEAFA A (goat anti-rabbit I1gG-HRP, 1/10,0003]4)
2 A2olM 1417 BEgStolct 33 MFF, 71H8Y (H0/T™MB)S 30E
B IM HiSO S M 7}sle] vES AT wle] AT E picroplate reader
2 450nmofj A & st
(2) cdELISA
ZENHEA FAcid o] oflA EuE IS ASTEA -4 JIAE
o] &3O X ZFEF o] F 2 2YA A& st Holo= ¢]9]
CiELISAS} @A 3| Zhe},
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38 ELISAR ZA}

T EDEET L

7}, $-8xhailA gsl-casein?] &2

PO vl )

Crude ds-caseing ureal] Zz|3}olA] NaCl %) 0-0.4MZ Az

8} DEAE-sephadex A-50 anion exchange chromatography& };alo] FHelgt
7. 4%E Yol 9lsio] SIS-PAGES}H 2@

Lh shAe] Ak

AA 3 gsl-caseing WYL E 3o ¢

o] b3} o] Elol W
g3l PEAL =2 e fuhaael

Tl

2alstach. olgte

a
-lactoglobulin®} B-lactoglouline] th¥t &

t}. 7+ A% ELISA (ciELISA)

asl-casein®] FIL 93t ciELISAY] 2ZAL #yYsidch &, ol
A Be]3t gsl-caseing 20ug/ml 5 =R coating¥t wello] EolgAel &
slde 1118 Eyelel YaA AEE AW the el dded £
o] }stqich

g}, kg

asl-caseino]2]e] SchilAs] thzt SolatAe] 3184
of £38lo] ZApstadrTt.

o, A2 FA

o

o] 4

Protein A mini-column (PierceA}l)E ©}-&3}o] asl-caseind]

—caseinol tigt
A8 BAST, - |
Wl WA-EA ATAY 2
FAT Bl A S

# A (horseraddish peroxidase, HRP)2} EDPCH
2 AgAZch
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A}, Sandwich ELISA
AA YA E 3]43}] micoplateo] coatingdlil asl-caseing HI-g
A F EA-EL AYAE Aelsia 71 A-gA A
of. A& Azl
FAE ABRE NI+ 17100718 3 5te] ELISAo] AlL-319
th &, IAXNEE HME o]&3te] F AT thE Y 4R B
EF A9 wi&E 3AH3iorl
2z}, Spike test ‘
FRAEL Mo asl-casein§ NS AFY HIlsle] O =

AYTHAR ol oo iyt ELISAE AlA|5}4cl,

i

3. Agiebde Aay Ay
7h gAY A

Al do] iyt HolygAle] PatE $1%le ovomucoid (OM)2}
ovalbumin (OVA)& Freund’s adjuvant®} $7 E7] (New Zealand White)o]
Aostodct. FHY L 2-3F AR T2 whHo= AAstAch
uh Zbd %% ELISA (ciELISA)

ciFergde] S 3 ciELISA] ZAL 3t Zrh Mg
2ug/ml 2] B EF coating bufferol] £33l 2z} well®h 10018 Y3 4T
oA sHEN WAIstL, 33 MHF, AR HMT TP A
Lol 11 SPA 100414 Y1, AN 1 A2 WSAAC) 38 AN
83, 2XtEAF A8 (goat anti-rabbit IgG-HRP, 1/10,0003]4)2 A2
ol A 1A]zt qkgstgirt. 3% MAF, 71A-ZY (H0/TMB)E 302 Ae|F
M HSO, 8 #Hrislo] wigARFE UNe] HAEF microplate reader®
450nmollA] &7 S} QiTt.
ol AR

oMo 2] 2] whaj o] T3t SojaAle WP ko] Wl £33l =
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Atstedct.

A3d A 9 2%

1. o5 =hade] ELISA 7id

7 hEerga R Ful
(1) 11S.AS¢] &H]

ciEchde] Fo74Re) sl 11s.AsE dol s wE
o 115.450) tigt BAE 712S Fol Y chFTNY Ao TP
2 #R7Ms3Itl (Ravestein, 1986). whelx, 11S.ASE A EIHOE 7]
215te] njE i REEEE WgolAet Zol Aeslo liS—S—, Telstd e,
OIS: Superbse 12 column 2.8 AA3lAct (Fig. 2-1,A).

11SE t}A] AS9} BSE 2|35}7] ¢]5to] SDS-PAGEE AlAI%t 5] AS
ez FE A 3 4siolrt. Fis. 2-1,B8] SDS-PAGERZ}S} ol 7}
ol E&A FElEo] &l FHAH L

THE 3O 2 . SDS-PAGE olfjel, 115 Thidg %yl o Wy
= gojenBudel o8 ls.ase] RIAPAE AEsdrt (Fig.
3}, Fig. 2-2,B8) SDS-PAGEo]X 8} Zo], Ase] Ha|yt at%

n
0o
T
I
i3
2]

(2) SeichiFebge] &
TRy (1SP)2 7134 58] FURE Ag3eR d2] A%
aj ol o] HHULR o]&3}7] 4181 TS F YYPLE ISP
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A)

A 280nm
0os[ T 1T
|
i
I i 118 fraction
B
M 1 2 3 4 M
: Kda
' 994
-66
-45
-29
b e e ‘ ' -24
. -14.2
\ |
S T N I
o = ’”| 25
Elution time(min)
[PPSR SO S |

Fig. 2-1. Gel-filtration chromatogram of 11S fractions on Suprose 12 FPLC column
(A) and SDS-PAGE pattrns of soy proteins (B). M, molecular marker; 1, 11S basic
subunits; 2, 1154 acidic subunits; 3, 11S fraction: 4, whole soy proteins. .
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005~ A 8
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i -t
! o / <
< + .
B - ;
-
£ B
B b ( )
[ Y
C B A
t"}‘-— U 7:J=—.
[} Y] Lot

45

Elution time(min)

Fig. 2-2. Anion-exchange chromatogram of 11S acidic subunits on Resourse 6 FPLC
column (A) and SDS-PAGE pattrns of the fractions (B). AS, acidic subunits; BS, basic

subunits.
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& Hesidch. &, ISPE 2-ME7F Eof Sl 33 EololA g2 4%
Aol 77] &3F ALUHEY o, PN SAA=RE #slgch

15& Ztz} ISP(+ME), ISP(-ME)E wiws}eict. -

o]

SR BN

QtollA] B8t 11545, ISP(+ME), 2|3 ISP/SDSE zt7] S mjele
Erlel 4atd WSt WY 13Q¥ AP 2w PR
1/20,0002 HH% c}he. 7 YAIE WA ELISAZ ZAG A
Fig. 2-33+ 2t} of7lold, tIAE FSASYAS W77} 742 Hol
o, ThSOS 3HSP/SISEMA], 1 ThEOE BHSP(-ME)&Ale] <olal
th 2z Aol Uiy YRR 7HE $4U YUY 1otS by 4
sl (27] M1-3, #1-2, #2-3) T}&2] ELISAG] Abgstedch EX, Fig.
2-3014 HSP/ureaBAlE EAL urea® N TISTHA o] Tig BA|at
ASA, 2 ARl AR YAte] wI2E FIste] ARSI,

o

rir

T}, ciELISA

ool A Eulgt ISP(+ME) 2] B3do] 43la tis R4y wjE
of 7]& thFEHYHEA o|F coatingol A&3}HTE Coatingo] Tyt well
of z %‘ﬁli} g oA 11EYYE ol ZEAIZHE vl ELISA

curve S8 & H] 5L, ZAFslolc) |

(1) SHIS.ASYAE o] 88 ciELISA

og] F7Y ciFetdAFol 3B11S.AS3A7E A # Hkgshe
iRl A e SpS W & Xz|gt ISP [ISP(+SDS)], &% 2-MEZ} &8
Tris buffero]] -23E= ISP [ISP(+ME)]ol, CTIEOE 2-ME7} &x}5}x]
o}= Tris buffero] £3|%l%= ISP [ISP(-ME)] @ ISP, 1 t}Rog:
crude 11SHt} (Fig. 2-4). ol& 7t whidol gt 484 & ICw Fo =
Uehy®, Z+zb 2, 2.5, 20, 20, 12|31 200 ug/mlo]gith, ¥HH, 3HIS.AS
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1.4

]
©11S.AS #1

@ISP(-ME) #2
@SP/ urea

le)
® O11S.AS #2

1.2 v ®ISP/SDS #1 A
v Q@ISP/SDS #2

Lol u: @ISP(-ME) #1 i
Fay

0.8

0.6

0.D. at 450nm

0.4

0.2 L . _

asissinEee

NRS 1* o 3 4

Bleeding time

Fig. 2-3. Production of anti-soy protein antibodies by six rabbits. Rabbits were

immpnized with 11S - AS, ISP/SDS, and ISP(-ME). ISP/SDS is SDS and heat treated ISP
. .

and }SP(-ME) is soluble fraction of ISP in Tris buffer. Antibody against urea treated soy

protein (SP/urea) was used as a positive control.

8 Crude 118
® ISP ]
10 & v ISP(-ME)
i - . 9 ,ISP(+ME) |

AN & ISP(+SDS)

0D at 450nm
o
o
1

0.4 |

0.2 -

0.0 —%/wwﬂ_mmw
0 0.01 0.1 1 10 100 1000
Soy protein (ug/ml) -

Fig. 2-4. Reactivity of anti-11S'AS antibody toward different soy proteins as
determined by ciELISA. ISP(+ME) and ISP(-ME) are soluble fractions of ISP in tris buffer
with and without 2-ME, respectively. ISP(+SDS) is SDS and heat treated ISP(+ME).
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YA = 1SSk F AYShU, 118,859 A2 g3l 4 sl

ot} (data AFeF),

(2) 3}ISP/SDSHA|E ©] &3t ciELISA
SISP/SDSFA7E 7HE & bg3te tiFRYEE 9o Aot &

A1 Z9& Jehligict (Fig. 2-5). Tl ISP 4 ISP(-ME)of tigh vb-g
go] tha WolHth olF Z WA ISP(+SDS), ISP(+ME), ISP(-ME),
ISP, Z&]3 crude 11Sof thgt #h2d L ICp o2 yehid, ztz 5

4, 100, 100, 2|31 220 ug/mlo]gic}.

'

(3) BHSP(-ME)3}H|E o] &3} ciELISA
FHSP(-ME) 3ol cidt 2z} whi A gL HhE g2 tih Hojx o,
2F 71 # dbgste oReydL 9o £ Afele e doddem
AL&-3F ISP(-ME) St} (Fig. 2-6). 9% tiA|2 8}ISP/SDSAe] 7299}
fAlRE Age Uehjgch olE Z whlm  ISP(+SDS), ISP(+ME),
ISP(-ME), ISP, .8]3 crude 11Sof ctf&} WISA L ICx k2T LER)HE,

z+z} 30, 36, 20, 200, Z'E] 1,000 ug/mlo]gict,

(4) LSf’/ureaa“i-ﬂE o] &35t ciELISA

YSP/urea®A| 2} tfFehuzlzle] Hi-gAdE tiAIR ¥11S.ASY A 9

FARE B¥E UEpiddct (Fig. 2-7). o), crude 11Sof ctjgh

Hhgdol 18 Al Ffets "El ol A Ueikch olE 7 whud
3

1SP(+SDS), ISP(+ME), ISP(-ME), ISP, 18| crude 11Sof ctj3} uh-gA&

-l

_*EL

1Cs ZEo. 2 UlepE, zhz} 2.6, 2, 16, 18, 18]35 20 ug/mlojgit}.

2. cdELISA
(1) 3H1S ASA-F 4 F¥AL] &4]
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0.8 _'//L'""'I B IR DN LA IR
. O Crude 118

i @ ISP
S: v ISP(-ME)
0.6 J¥ S, 4 ' v ISP(+ME) |

"§ ¢ ISP(+sDS)

0.4 | Ky

0D at 450nm

0.2 -

0.0 Lo/ Lo v il saiiel b T BT I

0 0.01 0.1 1 10 100 1000
Soy protein (ug/ml)

Fig. 2-5. Reactivity of anli~-ISP/SDS antibody toward different soy proteins as
determined by ciELISA. Soy proteins are same as in Fig 2-5.

0.8 —V//érﬂmwmm

O Crude 118
® ISP

v ISP(-ME)
v ISP(+ME) J
& ISP(+SDS)

.

OD at 450nm

0 0.01 0.1 1 10 100 1000
Soy protein {(ug/ml)

Fig. 2-6. Reactivity of anti-ISP antibody toward different soy proteins as determined
by ciELISA. Soy proteins are same as in Fig 2-5.
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0.8 ——-7/
O Crude 11S

L ‘ ® ISP *
v ISP(-ME)
v ISP(+ME) |

& ISP(+SDS)

E ¢ e._ B W
s E SO N
e
+ 04} . ) -
-t " <y
“ . ...
a R
© K ..'. 3 .

0.2 7 ) -

0 0.01 0.1 1 10 100 1000 ’

Soy protein (ug/ml)

Fig. 2-7. ‘Reactivity of anti-SP/urea antibody toward different soy proteins as
determined by ciELISA. Soy proteins are same as in Fig 2-5. ’

frm T gl ™ LBMRAAL AL IRV

O Crude 118

@ ISP ]

- w ISP(~-ME) -

—~a o v ISP(+ME) |

_ El\{ ISP(+SDS) ]

2 12 * -
~ | J
-o; _' . -
8 o8} -
0.4 | : v\7 -
0.0 i AT I BT B ST T T W T N

0 0.01 0.1 1 10 100 1000
Soy protein (ug/ml)

Fig. 2-8. Reactivity of anti-115 - AS-HRP conjugate toward different soy proteins as
determined by cdELISA. Soy proteins are same as in Fig 2-D.
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2]¢] ciELISAE 2x13 A& Aelste 1};‘*°l Pedy, o|l& &4
F g UAoEH, o] Ao A (HRPIE B A& g3
cdELISAE A1¥sHe Rolth. wetd, flold ozl ERe YAF Y A
2% o7 oAElE S ASTAE B, FASL 7o AFYel
WAzt vpetl Zo] HRPE HZ}'A]?% anti-11S.AS antibody-HRP conjugate
(anti-11S.AS-HRP) & Fu|s}ith (data A32).

(2) 8H1S.AS8A-T 2 FEANE o] &% cdELISA

gH1S. ASEhAl-FE 2 FEAe oAty 32, B11S.AS
A2 AeRT 22 osht dAE fARE Z¥E Urhigleu, crude
11Se] ci® gL 318 RE AfRuiE wie WA uelyct (Fig.
2-8). ol 3H1S.ASE}A7} HRP&}S] conjugationo] 2J¥te] T whEA
(Fig. 2-4)o] tix g2} 7 Aoz AANch 2z whd ISP(+SDS),
ISP(+ME), ISP(-ME), 1SP, 12]i crude 11So] tigt ¥1-&4& ICho FSE
Uleh®, 7t} 13, 8, 27, 30, el 2,000 ug/mlo] ALk,

o}, BolgAe] whg/d vl
ete] thal 71A iR Ae] iy o R/ HAe WY (ICk)S
fokstH Table 2-132F Zrh oiAE cffE A &340 w2
ISP(+SDS) = ISP(+ME)oll thsled ml¢ & Wg3he Ao Ueyth =

g, gAe] ZFe] wietd, i AU & 9] Rte diFEdEy
o g Bal A= rh dEEW, FISP(-ME)HANL] ISP(+ME/-ME)
of thg}, EX 3SP/ureadtA]|e] crude 11Sof tidl, Ao nfe &2
uhgde 2E G Wyl ork ulebd, R el iy A
ahe e o] Boly (WAl AHRR ek F{/) € Hel

(=]

s
g3 DA wge) gelzet o] U o YZHUrh olFY o
Sehin Bado] B ATolAE, B AN ANY YAF T
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Table 2-1. Summary of ICs’s of anti-soy protein antibodies ﬁﬂl different soy
proteins as determind by ELISA®

Soy . Wk
proteln CI‘udC IS}) ISP ISP ISP ELISA ‘
. - IIS (_ME) (+ME) (+SDS)
Antibody .
anti-11S-AS 200 20 20 25 2
anti-ISP/SDS 220 100 100 4 5 CiEI_JSA
anti-ISP(-ME) 1,000 200 36 20 30
anti-SP/urea 20 18 16 2 26
anti-11S’AS~-HRP 2,000 30 27 8 13 cdELISA

* Unit of ICso's is ug/me.
** Soy proteins and antibodies are referred to the legends of Fig. 2-4 and Fig. 2-5.
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2t wigido] b Syt IS ASYAE AMESIHch

vl Alg2F oiFehde] 24
(1) B4z #i
i Rehy el EAME '°l%}°1 HEHOE Ay AgAY
Mo Fig, 2-99 2Th &, urea, DITE o|8Y thFwhyue] 7hg3
-=> 7} (100°C, 1A4]Z') --> renaturation --> &4"2] A2|& Y3 F
s|qste} Byt ubdo] nl$ Aty e Uehyrh thiEwd 47
24 ISP7} el A8 HE W etk 1PE AEuld BRI A8
EEAE AEshe o] Wt sigTh o] AlEA e ZAstelAel ISPe
ol thyt HBAHE RAPE}7] $8to] ISPE PBSol &35t 1mg/mlsEof
A 60-90°Col A 187t @A e]stdct (Fig. 2-10). 2 A3} @Aelo] u&
8] wiEsl AL glo] o] Al&A 2 AN ISPe 7HF EAE /¥
of A P& WA 45 BMo] 7Hsd AL R Uelylth ISPEHE 4]
g} ciELISAY] HZTHML Fig; 2-113} zZem, cthAlE 0.3ug/mlo] 42
ISP &o] 7HsstATh

(2) ISPEVL AJ2e] B4
ISPE EURAE L £AAo] EUIRE ok o] Feoll E3H ISP
UTE dolA HAY Yol wel AIRE AL ciELISAZ 24319
T}, ISPE 0.5% - 5% W7IY LA EGolN ML HF 76%, EAF 11.5%

2 velyc} (Table 2-2), 3} Table 2-32} 2 RAECE ISPE 0.5%
- 3 Avbstel ABAllA AZY APV 2dAS ZE BHNE B2
83%, At 19%E UEh) £ A9 BE vz o433 EMYSLEE Ry

{Table 2-4).

) AT A RO £
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Summary Flow Ch:m

Blend 12.0g of meat sample wnh 48.0g 0. OSM
Tris-HC! Buffer pH 8.6 into a slurry.

l

Homogenise slurry into a smooth suspension
* with homogeniser.

l

Weigh out 2.50g of homogenate into $0ml extraction flask.
Add 7.5ml of Urea-DTT Extraction Buffer at 100°C 10
homogenate in extraction flask pre-warmed 10 50°C.

l

Transfer extraction flask to 100°C water bath and
incubate for 1 hour with occ:\snona! mixing.

l

Transfer extraction flask to 50°C water bath,
Slowly add 20m! of Renaturation Solution at 50°C
. with constant mixing
l
Quantitatively transfer mixture to 100ml volumetric
flask using Renaturation Solution at 50°C.
Mix; allow to cool to room temperature.
Adjust volume to 100ml with Renaturation Solution:
~ at room temperature. .

l

- Thoroughly mix contents of volumetric flask
then filter through Whatman No. 1. filter paper.
" Collect only the first 10m! of filurate.

l

Immediately prior to assay prepare 1:9 dilution of filtrate; mix well.

l

Samiple ready for soya protein enzyme immunoassay

Fig. 2-9. Procedure of sampl_e preparation and extraction for ciELISA of soy protein.
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Abs4so
[$,]
i

- | —@— Control
—8&— 60C -

S
L |-

70C
80C
90 C

|

0.0 Y~

o 102 107 10° 10" 102 103

ISP conc. (ug/mi)

Fig. 2—10 Heat stability of ISP as determined by cuELlSA
heated at each temperature for 10 min.

ISP (img/mt in PBS) was

)
1.0
o !
> i
<
5
0.0 __7/’/ | 1 ! { 1 I
0 102 107" 10° 10" 102 103
ISP conc. (ug/mi)
Fig. 2-11. Standard curve of GIELISA for ISP in food vsamp!es.
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Table 2-2. Recovery of ISP in skim milk as assayed by ciE,L|SA'

ISP powder | Dilution ELISA ISP Corr. 15p Recovery
added ratio vaiue detected | factor? assayed (%)
(%) . {ug/mi) (%) '
0 5/10,000 1.59 0 1/5 0
0.5 " 1.36 20 " 04 80
1 " 1.31 34 " 0.68 68
3 " 1.10 10 " 20 67
5 " 0.91 22 y 44 88
Overall 76+87 (11.5%)

'Powdered ISP was added to a skim milk powder.
2ug/ml. —=> %
*Mean=S.D. (CV)

Table 2-3. Recipe of "test-tube"” sausage for spike test of ISP.

ISP
(%) 0 05 10 20 25 30
Ingredient
Lean meat 70 70 70 70 70 70
NaCl 2 2 2 2 2 2
lce water 25 25 25 2 25 25
Egg white powder 30 25 20 1.0 05 0
ISP powder 0 05 10 20 25 | a0
Total 100 100 100 100 100 100 |
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Table 2-4. Recovery of ISP in lab-made sausage as assayed by GIELISA!

ISP powder Dilution ELISA ISP Corr. ISP Recovery
added ratio value detected factor® assayed (%)
(%) (ug/mi) (%)
0 5/10,000 0.816 0.34 1/5 0.068
05 " 0.708 28 " 0.56 112
10 “ 0.688 34 " 0.68 68
20 " 0614 8.0 " 16 80
25 " 0.507 8.8 " 1.76 70
30 " 0.582 128 " 2.56 85
Overall 83+16 (19%)°

'Powdered ISP was added to a "test-tube” sausage.
Zugiml ——> %
*Mean®S.D. (CV.)

Table 2-5. Detection of ISP in commercial food as assayed by ciELISA

Exp Labelled | Dilution | ELISA ISP Corr. ISP Recovery Note E

ot | Food ISP raio | value |detected | factor' | ssayed | (%) ,

(%) {ug/mi) (%) |

Sausage-A| Nome |5/10000; 0561 | 54 | 15 | 108 | g9z |

i .

Sausage-B| © o055 | 4 | 15 | o2 Ay |

Sausage-C| ” " 0540 | 72 1/5 1.44 sETOIY |

B

Sausage-D " " | 0528 8.0 1/5 1.60 1= P

Sausage-E| © L0562 | 54 | 15 | 108 PEEWEY

Sausage-F| 1.73 © 0831 | 76 15 152 | 88 | dllut

Average 1.274:0.26 ‘

t

2 | Mik subst | None |5/100,000! 0679 | 7.0 | 10/5 140 | (RHES)

powder ; _;
;Ug/ml —> %
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ARt 2MAF 9 ol &Rl YAE ISP P& ciELISAR &
Mttt A 6¥olA HFE 1.27%8] ISP7} #8" Aoz yslton
AER Bubad o84 18ojA 14%2) ISP7} LE Hoew yUrhyr}
(Table 2-5),

meta, & AolA AU AEF ciFehyd By g
57t Jhedt 43 HoE wgEglon, HEIIEY sjdeE I Y
2% 2ot Ak

2. 7§ <) ELISA AL

7} -?—%‘%_hﬂi@ asl-caseing] -]

FeAZ 7h w2 dEQl osl-caseing 1x13Ql A& o
slo] o) Basldr}). &, crude as-caseind urea?] ZE2|s}ollA] NaCl %
T3] 0-0.4M2 A 2]t DEAE-sephadex A-50 anion  exchange
chromatography & 3831910, asl-casein®] £2| el Fig. 2-12%}
otth BEE HASHZ] flste] SDS-PAGEE 3tn 2N Az 714 &
peak7} asl-casein®& HUY $ 9lgitHdata k). ulglr], o|&F Tt}
Aol A&3iglct

U gAle) A

asl-caseing WYL Z 3o} AR YL A 718 =AS)
7] $13le] AdRuiEE MY PPPo T n|AFY ELISAE 3 A,
Fig. 2-137} Zo] 2 Ez|o)A 3z} HYol¥o] &2 A7IE Kl

th ZHA A%} ELISA (ciELISA)

asl-casein®] HaE 93t CiELISAY] 2ZAL "ysidrl «
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sl-casein®] &To] ul& ciELISAY EE£IME 3}’5‘?1‘ A3, Fig. 2-14
o Uehd ule} Zo] 2 E7] 32 FEE ¢ 43 ¥EH
AL S el e 0. lug/miolite] w271 FRbedE o FUdd

T}, ol%e] Ay 43} LWH L ol &siyrh

et APk

asl-caseino]2]8] fetuldo] chyt HolgAe ¥-EdE XA
th. Fig. 2-150] Ulehd uiel o] ©x]fof tidlele w2 W34 E 2
& RYL

g on, B-caseinz} WPlo) tislel:= 1/1,0007}% R
EX asl-caseind] tjit Ho]ido] o 94T WA YasHdee o
£oladct, gy "’94«] ‘:}‘Jﬁélﬂ BSA, a-lactoglobulin, B
-lactogloulin, —r-a]tﬂ—,—tmﬂ,(lsp o) tisloie 'ﬂ%z‘s}z],_ o}oy}.

o}, Sandwich ELISA
A E protein A columng ©o]&3lo] FAstE W, o]F H4
(peroxidase)2} ZAA|A sandwich ELISA EAq& 7pisiect. O 2&EF
AL Fig. 2-160] UEehd viel Zo] AEIAZL 0.lug/ml A ciELISAS]
AR} 107t =vt FEHRE o4 + drh |

ah. o fAlE A B ELISAEA
YEAE Ao thst asl-caseing A A, AlfolA
337102 Ueht ZltiA (130 2T & Uehon, $¥a72E0]
ME olg} FA1E AL BHYA, Yite] FFREANE 0.5%F LIEIRITE
(Table 2-6).

Al Babal Aj2e] ELISAEA
Bubad 2 go) tystel B3 Az, ©x|EFolA of 34%E LR}
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Abs: 450

4 -@- Skim milk
-H- Wi

0.0 T T Y T T T
0 0.001 0.01 0.1 1 10 100 1000

Concentration (ug/ml)

Fig. 2-15. Cross-reactivity of polyclonal antibody against
Js1-caein toward analogues as determined
by ciELISA.

Abs. at 450 nm
F-N

.001 .01 A 1
Os1-Casein (ug/mi)

Fig. 2-16. Standard curve for asi-casein as determined by sandwich ELISA.
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Table 2-6. ELISACl o3t 2iat SHEES ast-7hxiel EAHD

Dilution ELISA value dsi-casein| coIT. !dsi—casein
Sample ratio 1 2 mean { (ug/ml) factor ©6
1/500k | 0.672 | 0.680 | 0.676 007 50 35
A}
" 11/1,000k| 0.469 | 0.404 | 0.482 | 0.03 100 3
1/500k | 0.707 | 0670 | 0689 | 0.075 50 375
FEATEE -
1/1,000k - 0.492 | 0.492 0.032 100 320
o2& 11/100k 0.615 | 0586 | 0.601 0.05 10 05
Table 2-7. ELiSA0l 28t BY A EAMS9 asi=7HHel 24H3}
Sample |Dilution ELISA value  |usi-casein| corr. Jusi-casein
ratio T mean | (g/mb) | BT | (56)
WPI 1/10k 0313 | 0333 | 0323 0.028 1 0.028
ISP 1/10k 0479 | 0493 | 0.486 0.078 1 0.078
&f  (1/10k 0512 | 0518 | 0515 0.09 1 0.09
171000k | 0653 | 0.641 | 0.647. 0.23 100 23
Skimmilk 770 50406 | 0375 | 0391 | 0044 | 1000 | 44
Table 2-8. Al 8ol H7t8F asi-7td212] ELISAR Y 2+8
dsl- ELISA value (Au) asl- | Corm. @ ® Recovery
casein casein | factor asl- asl- @/®
{added) 1 pA 3 | mean}tug/ml) casein casein | X100, %)
(assaved) |(expected)
_- - 10362 1035410358 ] 0035 100 3.5% - -
1% 0.147 | 0.444 | 0459 | 0450 | 0.062 100 6.2%6 45% 138
3% 104331 0429 {-0.453 | 0.438 | 0.055 100 55% 65% 85
5% 0437 | 0472 | 0.526 1 0.495 | 0.080 100 8.0% 85% 94
107 0536 { 0558 | 0539 | 0578 1 0.140 100 1425 13.5% 104
Average £ S.D. 104+21
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o] ZLol= Zlthx] 16%K8c} &4 LElWtct (Table 2-7). ISP, WPI, ©-%&
foll A zhz} 0,08, 0.03, 0,09% Uehdch wehy, AR 2o KA
AlFOlA a@sl-casein®] ELISARA X7} 2 -3 vl A UehtEs Edxj=

FHEA A E wEe] &I AlojoA JIAst: virt E Feg A
u] o] & 7% HBart qlch

an

¥4
7_!-

[

o}, Spike- test
A G AlEo| asl-caseing S H7}sla ELISAE 3st 4
=}, E1 ‘—‘i'-—"f_-‘}ﬂ thgt B eSS 1 - 105 HuoA BF 104%
2 Jeh} g3 3joict (Table 2-8).

zZt ohE frebd Aol oigk AL ik
asl-case.in°]£]°ﬂ @ -lactoglobulin, B-lactoglouline] tj3l Eo]
A E A8l ciELISAS] EEJAE nlLsielE of, P ol o
Yol cthdt gAe] Bo|H2 ¥ asl-casein A2 B-PHL} Sojido] Hoj
A= 2% Uyttt (Fig. 2-17). o]& A& dA¥/do] Holrles F
el FPEMols g3ty = FEEM N &7 sich

3. ARt <o) ELISA 7y

7}. Ovalbumin®} Z& 7jw
(1) ¥ovalbumin 3FA]e] 34t
AL F 718 &2 HIEE ARSI = ovalbumin
)& HAYUoR slo] ¢ke] Wiz o] Bzl Sate] A3t s}
PP L Felstoch. ARl utel P YA H7tE 2ASH)
915l AR EAE AP ow vIAHIYELISAE MZ A, Fig.

—3.8
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~@— 8s,casein
-l - s-lactalbumen
—d B-actoglobin

Abs.450nm

0 ——17/,um, L 0 e e 0 AL A B R A L S R R AL |
Y A 1 10 100 1000

Concentration(ug/ml)

Fig. 2-17. Standard curve for milk proteins as determined by ciELISA,

Each immunized protein was coated onto microplate wells.

—&— OA(rabbiti)
1 | —8— OA(rabbit2)
1 g
&
] u
0 T T T T
0 1 2 3 4 5
Bleeding time

Fig. 2-18. Production of anti~OA antibody by rabbits.
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2-183} Zo] 1 E7|olA 32} WefolFo] &S FAVIE Hr) uleld,

42} Qg o] s¥A g .pr'otein A column® g AAsIE, 32 dBRe

horseradish peroxidase (HRP) &9} ZA¥rslo] 3J0A 8FA-HRP conjugate
hEo] thy A¥el AM&shairt

(2) M=2]x] ELISA (sandwich ELISA)

N

0A2] Hatg #]3}o] sandwich ELISAY] 2AE Hsldr) Z,
oAl B FPoA HAE 2ue/ml HFEE coatingdl wello] 0AR AL Held
2, 8loA3lA|-HRP conJugate—S— Halstgict, 71 LA(TMB)S H7}sto]
HAREEAFI 450nmofl A Mol BEE SFsigch 042 Bxof wE
CiELISAY] EEZHE 243 Azl Fig. 2-19¢] Uehd uie} o] A3
- A= 0.0QIug/mlolgit}.

A

2

(3) ZPEAY ELISA (ciFLISA)
0A2] g 913t ciELISAL] ZA& Hylstgict &, dHy4d
E 2mg/nl5EF coating®lt wello] &2} AlEchid a2 1118 &

e

0

e

Ol
e

sheto] WA ZFgur-g-& A7l the goat anti-rabbit Ig antibody-HRPE
A, 71 AL A(NB)E Eriete] TANNGAZ ThE, 450nmoll A oy
Mo FEE FYsiarh. 04 FEol wE ciELISAY EFIHE Y
A3}, Fig. 2-200] Upehdt ule} o] AEAEE lug/nlolTh.

(4) HoA A 2xprg

0acl2le) whal el oigt Hols

i.
o
rﬂ
o olo
ok
fifo
BN
~
2
o
jat4
x!
band
=
®

2-19¢] sandwich ELISAE AT Zxputo]A] 3H0A &A= ovomucoido]
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8
1 -8— OA
4 —— OM
6 —A—- BSA
2 - —¥-- Casein
< ] - p WPL
4 —8-- ISP

10° 102 107 10° 10 102
Antigen Con. (ug/ml)

Fig. 2-19. Standard curve of sandwich ELISA for OA and reactivity of anti-OA antibody
toward protein antigens.

Absa4s0

103 102 101 100 107 10?2
OA conc. (ug/mi)

Fig. 2-20. Standard curve of ciELISA for OA.
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Table 2-9. Cross-reactivity of specific antibody toward protein antigens

i sandwich ELISA GIELISA
Antibodm\ RCso. (ugmi) Reactivity (%) ICs (ugml) Reactivity (%)
OA 0.002 100
anti-OA oM (2:000) 0.0001
Casein ND! 0
BSA N.D. 0
WPI N.D. 0
ISP N.D. » 0
oM 0.079 100 02 400
anti-OM OA 250 0.032 50 04
Casein N.D. 0 500 0.04
BSA N.D. 0 N.D. 0
WP N.D. 0 ND. 0
ISP N.D. 0 N.D. 0
'N.D., not detectable.
—A~- OM(rabbit1) .
~w— OM(rabbit2) [ w-——""V
/
/
//
g 1] / A
2 v -
< /’ ‘/
/ A -
//;/
////
4
£
0 I 1 1 i
0 1 2 3 4 5
Bleeding time

Fig. 2-21. Production of anti-OM antibody by rabbits.
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L}, Ovomucoid®] ZA& 7y
(1) 3lovomucoid ko] A4t

oAol2lefl 28 AstthiRQl ovomucoid (OM)o] gt Ho|AE
A4bsl7) gistel olE grel whyat o] Ee] Satale] AX WSt
Agsto] gAML Beslgrh. WYB4o] ulzl G PA2 QIIE =
Aol slstol ARMGE UNT YUYOER MBY ELISNE BT F3,
Fig. 2-213} Zo] 21 E7lofa 33} Ho|Fo] &2 YAIJIE Kol o|F
2] AgollAE 421 NPT FH & AHESHelTh

(2) M=9]x] ELISA (sandwich ELISA)
oM HAE FAst  FA-FA(HRP) conjugateE Fn|3to]
sandwich ELISAZ AA]314t). o] ZA-$& 0A% Z{Hrie tid AEUE
7} ARl ol e = (0.003ug/ml)olite] Mol shsslelth (Fis.
2-22).

(3) Z+A7A %} ELISA (ciELISA)
& 9% ciELISA?] 2Ag ¥Y3tQ & wl, Fig. 2-239]
=3

Hgl 7 AS28AE 0.3ug/mlYe & 499t

(4) sloM o] mApES
oMol 2] 2] T} whillao] i3t HolgAe] WS ZARHcTh
Fig. 2-222] sandwich ELISAZ ZAHE 2% 0Acl thsted 0.032%¢] m]eal
& e}t (Table 2-9). Fig. 2-232] CiELISAO|M & olRrl &
Axpree Ueh)o o,{on thdled 0.4%, caseinoll thdlo] 0.04%2] ¥H-g-43
& Rtk el BSA, WPI I ISPl TIR WAL Agl glE o=
¥
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2.0 —

—0— OM
- | —m— OA
| —a—- BSA
1.5}
§ —
g8 L
< A
i yd
- w
1.0 /

:il-‘_\_.,___.g-—“{—‘_““xn

{
0 4 10 102 107 100 10? 102
Antigen Conc. (ug/ml)

Fig. 2-22. Standard curve of sandwich ELISA for OM and reactivity of anti-OM antibody
toward: protein antigens. '

Adso

] |—~@ OM
674 |-m-0A
1 | -a- BSA
4 - | —w~ CASEIN
1|-&- wepl
2 | -e- 18P
00 7 Ar— T T T T

0 10% 102 107 10° 10! 102
Antigen conc.(ug/mi)

Fig. 2-23. Standard curve of CiELISA for OM and reactivity of anti-OM antibody toward
protein antigens.
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4 glgitt.

ch Alziehd el o ety
(1) 0A2] & A
PBSO| lmg/mie] =2 £31% 0AZ 60 - 90°CojA 1027 A&l
3131 0A2] @YY E ELISAR ZAlsteTh, O A3 BolsAE OAL A
gl SolgAlele] HbgAol tiETol WSt A ueluth 4
sandwich ELISAZ ZAR} Z#$ 7 A3} Fig. 2-240] Uelhd vlel Zo] 3
2150000 Zb gS WSHE nolew, Fig. 2259 cifLIAR ZAHY

AQojx 3 3008 7}sre] w-gA& Roc} (Table 2-10).

(2) oM2] dtE7d
0A2] Z-¢9} npxrix] Wy o g oMol PSS 2AR A3}, M
& dof mig HF wwEYe o 4 Yok F, Fig. 2-269
sandvich ELISAZ 213t B¢ dxalo] utel wh-gAdo] 0.128071=] wtotx
om, Fig. 2-278) ciELISAZ ZAIRt Zfole A 0.620)7F2] stotAT)
(Table 2-10). Z2ji}, o] Azte @tz wigo] v|ste] oMol detd

go] mie &g vehiz Qlch -

Astelct. 3, oold oS AvThugel gaEdel Ay Azt
chl ol ol 0, ciELISA7} sandwich ELISAS] ZA-9-Hr} oMe] detgdol
AT A Ueht @A g L& JFAESY oM 4o /83171 wl
Bolgtt. AlEAgl: homogenizer® - AESII o]E FHAMI {AS

ciELISAS] Al&-st9ict.
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2.5 > F— ; . )

—&— Control
-a— 60C i
2.0 |- —A-70C ’// i
-v— 80C )/ /
4 80 C A /

Absaso

0102 10t 100 10t 102
OA conc. (ug/ml)

Fig. 2-24. Heat stability of OA as determined by sandwich ELISA. OA (img/mi in PBS)
was heated at each temperature for 10 min.

$
2
<
—e— Control N A
-8 60C NN \R
—a-70C "'\_ \\ \
~y- 80C NS \
-4 90C RS
0.0 et . : : —

0 10° 102 107 10° 10" 102
OA cone. (ug/mi)

Fig. 2-25. Heat stability of OA as determined by CiELISA. OA (img/ml in PBS) was
heated at each temperature for 10 min.
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Table 2-10. Reactivity of specific antibody toward heat-treated egg proteins

\\\ sandwich ELISA GELISA
Egg Protein Heat' "\ RCasv(ugml) Heagtiv‘uy "1 1Cs (ugmi) Reactivity .-
Control 1554 1.0 30 10
OA 60°C 2712 57 2.1 143
70°C 2239 69.4 0.38 79.0
80°C 1.36 1143 009 . 33
20°C 1.00 1554 ° 018 167 !
Controf 0.023 1.0 20 10
oM 60°C 0.040 058 1.8 1.06
70°C 0058 040 19 103
80°C - 0.10 023 2.1 079 |
%0°C 0.19 0.12 30 | o0&
1

'Protein solution {img/mi
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7~

—&— Control |.
14 |-m—60C
—A--70C - }
. B _"_‘ 80 C — |
-4 90 C PRd
12F [* ,/’_....-I
g /" ‘
3 L &
2 /
<
1.0 -

0" " 10° 102 107 100
OM Conc. (ug/ml)

Fig. 2-26. Heat stability of OM as determined by sandwich ELISA. OM {(tmg/ml in PBS)
was heated at each temperature for 10 min.

Abs4so
P
T

. { —@— Control
i —— 60C
Sri—a-70C
[ |-v-—80C
L |~#- 90C

00 ﬂ/// | 1 ' [ i
0 102 10+ 109 10 102

OM Conc. (ug/ml)

Fig. 2-27. Heat stabillty of OM as determined by CiELISA. OM (img/ml in PBS) was
heated at each temperature for 10 min.
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Absaso

1.0

—o— OM
~&— Whole Egg
—&~- Skimmilk

—¥—- Milk Subst.

<4 Baby Food

0.0

1 !

"'7/// L

0

102

10

100

10t

102

Antigen conc. (ug/ml)

Fig. 2-28. Reactivily of anti-OM antibody toward powdered food,

.QZ/
ol
RNy
1 N
6F \ \\
g b\
\
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Table 2-11. Cross-reactivity of anti~-OM antibody toward some food materiais }

Antigen ICso {ug/mi) Reactivity Remark?
Exp. 1 Exp. 2 (%)
oM 0.72 027 100
Whole egg (powder) 18 . 40 2.7%
Skim milk (Powder) (>486) <0.15
Mik subst. (powder) |  (>7.200) <001 -
Baby food (powder) ND.' 0
Egg white (powder) 22 123 1%
Egg white  (raw) 19 1.42 1.22%
'N.D., not detectable. ’
%Estimation of relative concentration based on references.
Table 2-12. Recovery of OM in milk substitute as assayed by ciELISA'
Egg powder | Diltion | ELISA | OM | Cor. | OM oM Recovery
added ratio - | value | detected | factor® |assayed | expected® (%)
(%) (ug/ml) (%) (%)
1 110000 | 0618 | 00548 | 1 | 00548 | 004 137
3 * [ oss | 0174 | 1 | o174 | o012 145
5 . 0476 | 0245 1 | 0245 | 020 123
10 " 0.424 0.437 i 0.437 0.40 109
Overall 129+13.7 (10.7%)*

‘Powdered whole egg was added to a milk substitute powder,

ug/ml -—> %

%Based on that the OM concentration in egg powder was determined 4% by ciELISA,
“Mean*S.D. (CV.)
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Table 2-13. Recovery of OM in baby food as assayed by GiELISA'

. Egg powder | Dilution | ELISA oM Corr. OM OM Recovery -
added ratio value | detected | factor? | assayed | expected® (%)
(%) (ug/mi) (%) (%)
0 1/10,000 | 0.881 | 0.0065 1 | 0.0065 o
o Lot | 0141 | 1 | o014 | 004 | 353
3 * |ose2 | o2 | 1 | 0282 | 012 T s
5 v | o505 | 0460 | 1 | 0460.| 020 230
10 * 10470 | 0628 | 1 | 0628 | 040 157
Overall | 244£702 (287%)°

'Powdered whole egg was added to a weaning diet powder.

2ugimt ==> %

Based on that the OM concentration in egg powder was determined 4% by chLlSA
‘MeanS.D. (CV)

Table 2—-14._ Recovery of OM in commercial sausage as assayed by CIELISA'

Egg white | Dilution | ELISA.| OM | Cor. | OM | OM | Recovery
raw raio | value | detected | factor® |assayed | expected” (%)
added (ug/mi) (%) (%) '

(%)

0 510,000 | 1.172 0.014 1/5 | 0.0028 0

L "1 0921 | 0.0628 /5 | 00126 | 00142 887

3 y 0.814 0.123 1/5 | 00246 | 00426 . 57.7

5 " 0.714 0.235 15 0.047 0.07t 66.2

6 . GE4 | 0589 15 | 0118 | 0142 83.1
Overall | 7394125 (169%)"

'Raw egg white was added to a egg-free commercial sausage.

Zug/ml —> %

%Based on that the OM concentration in raw egg white was determined 1.42% by CIELISA,
‘Mean+3.D. (CV.)
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Table 2-15. Recipe of "test-tube” sausage for spike test of powdered egg white.

| “~._Egg white pwd _ v
(%) 0 05 10 20 25 30
Ingredient '
Lean meat 70 70 70 70 70 70
NaCl 2 2 2 2 2 2
lce water 25 2% 25 25 25 25
ISP powder 30 25 20 1.0 05 0
Egg white powder 0 05 1.0 20 25 30
Total 100 100 100 100 100 100

Table 2-16 . Recovery of OM in lab-made sausage'

Egg white! Dilution | ELISAT OM Comr. | OM oM Recovery
powder ratio value detected. factor’ |assayed expected (%)
added (%) (ug/mb) %) | %%
0 510,000 0.657 0 1/5 0 0 -
05 " 0386 ; 022 15 | 0044 | 0.062 71.0
1 " 0372 | 026 1/5 1 0052 | 0.123 423
2 " 0274 | 095 15 1 0190 ; 0246 62.6
3 " 0249 ! 132 15 | 0264 | 0370 714
' Overall 655+136 |
(20.8%)*

'Powdered egg white was added to a "test-tube” sausage.

%*Same as in Table 3.

Based on thal the OM concentration in egg white powder was determined 12.3%
by CiELISA.
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Table 2-17. Detection of OM in commercial food as assayed by ciELISA

Labelled | Dilution | ELISA oM Con. oM e Y Recovery
Food egg white | ratio value | detected | factor' |assayed _expected2 (%)
raw (%) (ug/mi) (%) (%)
Crab meat 264 5/10,000 | 1.103 02 15 0.04 0037 108
analog .
Sausage-A 5.58 " 0.946 0.5 1/5 0.1 0.079 127
Sausage-B 0 " 1366 | 0016 | 15 | 0.0032 0
Overall . . - - 118
'ug/mt --> %

*Based on that the OM concentration in raw egg white was determined 1.42% by CELISA.
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SUMMARY

To determine ‘the species-specific raw meat samples, meat proteins
should be easily extracted and purified from the cell membrane,
species-specific marker components should be identified, and
identification method should be reliable and reproducible., Pork,
chicken meat and beef identification methods were developed in this

project,

1. Development of Pork Identification Method

The components of approximately 32 and 55 ada -were specifically
found in pork. Heat-resistant, pork-specific components were observed
when meat samples were treated at 75°C for 30 min, Titration study
using LISA in which polygonal antibody against heat-treated
'pork—spécif ic meat protein-as antigen .was employed, demonstrated that
AD values at 405 am were 0.2 and 0.07 in heat-treated and non-tréated
pork, respectively at 1:32,000 dilution of the antibody, LISA study
using pork-specific polygonal antibody showed that the .antibody
‘reacted specifically with pork rather than beef, chicken, goat,
turkey, duck meats, ESP .or egg protein. And this -antibody also
reacted with meat .proteins extracted from pork Frankfurt ‘sausage
treated at 75°C for 15 min, demonstrating that pork-specific antibody
produced in -the present study would be applied for qualitative and
quantitative determination. of raw meat as well as processed ‘meat

products,
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2. Development of Chicken Meat Identification Method

The amounts of meat proteins in various parts of chicken meats
extracted with H:0, 0.85% Nail, 0.5% SDS or 0.5% Triton X-100 were
not significantly different. SDS-PAGE study demonstrated  that
water-soluble protein components of about 50 kDa were found
specifically in chicken meats, Immunoblotting study in which
polyclonal antibody against chicken meat-specific protein component
(50 kDa) demonstrated that this antiserum reacted specifically with
this component. Indirect competitive ELISA (ciELISA) study using
non-treated  meat proteins demonstrated that strong competition
occurred from 0.05 ug of chicken meat per well, When pork, duck or
turkey meats were used, no competition was observed. Although beef at
the concentration of 500 ug/well showed 50% competition, it would be
negligible because the detection limit was very low (10™) compared
with that for chicken meats, Dot Dblotting study wusing
chicken-specific polyclonal antibody demonstrated that detection
limit was 1 ug/well., Although the sensitivity of dot blotting was
lower compared with ELISA, dot blotting would be acceptable specially
for qualitative analysis and rapid determination. Chicken-specific
antibody also reacted, in dose-response manner, with meat profeins
from processed meat products, such as Vienna sausage (pork 90.14%),
Bulgogi Ham (chicken 28.89%, turkey 31.44%) or Kentucky-Frank sausage
(chicken 46.52%, pork 24,92%) treated at 100°C for 30 min,
demonstrating that pork-specific antibody produced in the present
study would be applied for qualitative and quantitative determination

of raw meat as well as processed meat products.
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3. Development of Beef Identification Method

The amounts of meat proteins in various parts of beef extracted
with dH0, 0.85% NaCl, 0.5% SDS or 0.5% Triton X-100 were not
significantly different. SDS-PAGE study demonstrated that protein
components of 19.3 kDa were found specifically in Hanwoo and Holstein
beef, but not in pork or chicken meat samples. This beef-specific
protein component were still present after heating at 100°C for 30
min. ELISA study using the polyclonal antibody against heat-denatured
(100°C for 30 min) beef-specific protein component demonstrated that
titration was higher in heat-treated beef than in non-treated beef
and 0D Qalue was higher than 0.3 at 1:32,000 dilution of the
antibody. Also ciELISA study showed that strong competition was
observed from 0.1 ug of beef per well, however, the antibody had weak
but insignificant competition with pork eor turkey meats,
demonstrating that beef-specific antibody produced in the present
study would be applied for qualitative and quantitative
determination. Dot blotting study using beef-specific polyclonal
antibody demonstrated that detection limit was approximately 10
ug/well. Although the sensitivity of dot blotting was lower compared
with ELISA, dot blotting method would be applied for beef
identification particularly in outdoors because the method is rapid

and easy of practical use.
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2} 71Eb £8-& wbdstaz} e AR F, 1992)8°l Adert ¥ie

AEF 7go] whEstE A DME o] &% 7ol £F U
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Amplified Polymorphic DNAs): ol s ExPEESH 7)Y
(WiliamsS, 1990: Welsh®} McClelland, 1990)2. % PCR(Polymerase Chain
Reaction: Mullis®} Faloona, 1987)2 283t wl¥o|t}, RAPDS| o]zdt &
A ujBof oy Holoa &= olon i&43 £F zhE vt ozt
5 23U % Ee ¢8ME & 9l (Kempdt Teale, 1994
Gwakisa 5, 1994). ZFUlolA = RAPDo| BHL 7] &o] 2o ¥ (1994)3}
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AAEdet, 2y 35 gk fHxt BREES oA dn, EY
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i)
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Table 1, Formula of frankfruter sausage with chicken, Hanwoo and pork meat.

C:B(%)" C:P (%" Formula (%)
100 : O 100 : 0 Meat : 64
50 : 50 50 : 50 Fat :
30: 70 30:70 Ice :
10 : 90 10 : 90 ce
5: 95 5: 95 NPS :
3:97 3: 97 Phosphate : 0.25
1:99 1: 99 MSG : 0.05
0 : 100 0: 100 Sugar : 0.7

% C, chicken meat: B, Hanwoo meat: P, Pork meat

Table 2. Amounts of meat extracted with distilled water, 0.85% salt, 0.5% sodium
dodecyl sulfate or 0,5% Triton X-100 from hind leg (n=3).

{ug/g protein)

Hanwoo'’ Holstein" Pork'’ Chicken"’
Distilled water 11.2%0.6 14.240.4 18.3+0.5 19.2+0 2
Salt 13.3+0.8 17.6+0.3 21.2+0.2 26.8+0,3%
SDS 36.21+0.6 26.310.7 . 39.3+0.4 37.3+0.59
Triton X-100 25.2+0.4 22.24+0.8 24.9%+0.5 27.2+0.2¢

¥ 1) Loin and chuck, 2) breast

- 195 -



34,

T
wu

o -
T

X0

g

3}

°
pul

£

< ¥l

2

B
Q
L4

}

ooz FEHE

g A7t

=

=

=
£
&

o3
=
k-l

R
Ek‘
}
Tkl g o

2z80)

4
WAL 7HE e wEd gaa

5
el

Aey, A g3taty]

£

g

- whab A

F2gnll

L]
SDS-PAGEe] 2l¢t #43 Azt

e
29
Z7HstgA R (Table 2), BR4
b
2}
gttt

o

o,
AE g AMg HAESIE ST

[+]

+3lM, & Bolyeoz WiE

|4 A F MEeog

(]
+

T

eha) A 2

Leh ¢l Tt

’

olE gt RHM, WA

23,

tl A
A TN A&7

o wAEx)

J

.8_)\

i

# g ol

SD&e)’
B

o

=

=

g ol gt

eugy 2

o

do

A

—

o

st

)% 9] 7}

0

-}

o,

o|
3%

WA FEFE UE

T
ol

FMol 7%

[e]
T

i
I

)

o

™
o
x.A_.O

+
ofy

R
N

o

X0

44 §& SDS-PAGER EM¥ Zz, 7 #9d 7

E

—

oF

eEE

das Due
238 AgstlE Hrle 2 o

=
T

2 Hdxgden, o

- 196 -

¥

-]
T

stol AtgstE ESS old



Table 3. Extraction amounts of chicken, pork and Hanwoo meat with distilled water

(n=3).
(/g protein)
Hanwoo Holstein -Pork Chicken
Loin and chuck  11.2%0.6 14.2%0.4 18.3*+0.5 19.2+0.2"
Shank 11.2+0.2 14.2+£0.3 13.3%0.5
Rib! 9.2+0.4 15.2%+0.6 15.7+0.3 17.4x0.7¢
Fore leg 11.5+0.6 14.710.4 15.5%0.2
Hind leg 11.2+0.6 14.2+0.4 16.8%0.3 18.8+0.3"

%1 )breast, 2) rab, 3) leg

Table 4 Extractlon amounts of chicken, por'k and Hanwoo meat by heateéd by at 75'C
to 100C for 30 min (n-3)

(xg/g protein)

Heating Tem. (C)

Before heating

After heating

Recovery (%)

. (mg) (mg)
7 .‘ 3.33 33.3
. 80 2.89 28.9
Chicken 90 10 2,65 26.5
100 2.25 22.5
5 11 1.1
80 1.08 10.8
Pork 90 10 0.95 9.5
100 0.86 8.6
75 3.47 3.7
80 . 2 87 8.7
Hanwoo % 10 2,36 23.6°
100 169 16.9
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Fig. 1. SDS-PAGE patterns of chicken pork and Hanwoo meats,
Meats extracted with distilled water in the hind leg(Hanwoo and pork) and leg
(chicken). Lanes 1 and 2, chicken: 3 and 4, pork: 5 and 6, Hanwoo, molecular weight

of chicken specific components were indicated in left lane.
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Fig. 4. Indirect competitive ELISA of
pork, beef, chicken, goat, duck, turkey,
rabbit, ISP, egg protein with pork
polyclonal antibody.
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Fig. 5. Indirect competitive ELISA of

heated pork, beef, chicken, goat, duck,

turkey, rabbit, ISP, egg protein with
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ARSI . nm , R

Fig. 6. SDS-PAGE patterns of chicken meat extracted with various extraction
solutions,

' Meat were mixed with solubilization solution (3g/12m1) and homogenized with
ultraturax at 24,000 rpm for 1 min, Extracted proteins separated.with centrifuging
15,000 rpm for 15 min, Charged protein amounts were 204g, and gel was staineds with
CB. Lanes 1, molecular weight makers: 2, distilled water: 3, 0.85% saline solution;
4, 0.5% SDS; 5, 0.5% Triton X-100.
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Fig. 7. SDS-PAGE patterns of part meats from chicken meat.
Meat extracted with distilled water and separated With 12% polycrylamide. Lane
molecular weight makers: 2, breast: 3, rib; 4, leg.
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< sample-sol.

l

2.5% CB staining / 5min

1)
10% ET-OH, 15% Acetic acid / destaining

!
15-20min milli Q water/washing

{
Cutting of kDa component at 2-3mm size

{0.45/m dialysis tube/15min boiling
Add at 1-1.5 ml qf 20 oM Tris-Hel (pH 8.0, 0.5% SDS)

[ :] Dialysis at over night

at 20 sMTris-HC1(pH 8.0, 0.1% SDS)/4C

l
“ " Brffer transfered to 15 ml glass tube
!
Add asetone/ 5 Vol. (stand at - 80°C/2hr)
{ _
12,000rpm/30min centrifuge
1)
PPT Sup
l .
‘Suspension with 0.1% SDS
i l ,
Analysis of N-teminal or amino acid Monoclonal antibody

Fig.8. Purification of 50 kDa component from chicken meat by SDS-PAge method.
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1 2 3 4 5 6 7
Fig. 9. SDS-PAGE patterns of the fractions purified with electrophoretic elution of
chicken meat specific components. .
Lanes 1 to 5, purified protein of chicken meat: 6, chicken meat: 7, molecular

weight markers, Gels were stained with CB. Charged protein amounts were 5;)g for lanes

1 to 5 and 20ug for 6 and 7. Chicken meat specific components were lane 2 (50kDa) and
3 (38 kDa).

1 2 3 4 5

Fig. 10. SDS-PAGE pattern and the scanning profiles of chicken meat and purified 50
kDa,

Lanes 1, molecular weight markers from the top and to the bottom: myosin heavy
chain (205 kDa), b-galactosidase (116 kDa), phosporylase b (97 kDa), bovine serum
albumin (66 kDa), egg albumin (45 kDa), carbonic anhydrase (29 kDa): 2, chicken meat:
3, purified 50 kDa: 4 and 5 shows scanning profiles of lanes 1 and 2.
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Table 5. Summary for purification of 50 kDa component from chicken meat.

Total protein Purity 50kDa Yields
Purification step
(mg) (%) (mg) (%)
Chicken meat 13.0(g)
Water soluble fraction 42.5 12.3 5.2 0.04
SDS-PAGE 1.5 12,3 0.18
50kDa 100 0.15 81.5

Table 6, Extraction amounts of partial chicken, pork and Hanwoo meat By heated at

75T for 30 min.

(ug/g protein)

) After
Part Before heating(mg) . Recovery(%)
heating(mg)

Breast 3.33 333.3
Chicken Rib . 10 2.49 24.9

Leg 3.29 32.9

Shank 1,11 11.1
Pork Rib 10 1.78 17.8

Hind leg 2.31 23.1

Shank 3.47 34.7
Hanwoo Rib 10 3.25 32.5

Hind leg 3.59 35.9
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Fig, 11. SDS-PAGE of heated chicken, pork and Hanwoo meat on the various heating
condition(75 to 100°C).

Meat samples were heated at 75C{lanes 5, 6, 7), 80C(lanes 8,9,10) and 1007C(11,
12, 13). Charged protein amounts were 15zg.

1 2 3 4 5 6 7 8 9 0

Fig. 12, SDS-PAGE and immunoblotting with anti-serum raised to 50 kDa,

Meat samples were analyzed by SDS-PAGE(12%) under ‘reducing conditions and lanes 1
to 5 were stained with:CB and 6 to 10 were immunoblotted. Lanes 1 and 10, chicken
meat: lanes 2 to 9, mixed with chicken and Hanwoo (2 and 9), pork (3 and 8), ISP (4
and 7), Hanwoo, pork and ISP mixtures (5 and 6). Charged protein amounts were 10.g.
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Fig. 13. SDS-PAGE of heated proteins extracted from various meat preparations and
immunoblotting with anti-serum,

Meat samples were analyzed by SDS-PAGE(12%) under reducing conditions and lanes 1
to 5 were stained with CB and 6 to 10 were immuncblotted. Lanes 1 and 10, chicken
peat; lanes 2 to 9, mixed with chicken and Hanwoo (2 and 9), pork (3 and 8), ISP (4
and 7), Hanwoo, pork and ISP mixtures (5 and 6). Charged protein amounts were 10.g.
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Fig. 19. Dot blotting patterns of antigen-antibody reaction with chicken polyclonal
antibody.
Lanes A, chicken meat; B, isolated soy-protein (ISP):; C, pork meat: D, Hanwoo meat,
Charged amounts was 104g, 8ug, 64z, 4pug, 2pg, 0.8ug, 0.64g and 0.4pg per well from 1
to 8. Aniigens were heated at 100°C for 30min.

1 2 3 4 5 6 7 8 9

A

Fig. 20. Dot biotting patterns of various meat products with chicken polyclonal
antibody. :

Lanes A, chicken meat: B, isolated soy-protein (ISP): C, pork meat; D, ~Hanwoo
meat.: E, viena sausage: F, bulgogi ham: G, frankfruter sausage. Charged amounts were
1004z, 50, 104g, 8usg, 448, 248, g, 0.8ug and 0.64g pei' well from 1 to 9. Antigens
were re-heated at 100C for 30min.
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Fig. 21. Dot blotting patterns of various meat products with chicken polyclonal
antibody.

Lanes A, chicken sausage: B, chicken and beef mixing sausage: C, chicken and pork
mixing sausage: D, beef sausage.: E, pork sausage. Charged amounts were 30ug, 10, 5

e, 3ug, 2ug and lug per well from 1 to 6. Antigens were re-heated at 100C for
30min,

P

“ Py m R Weaal kit he % 0§

1 2 3 4 5 6 7 8 9

Fig. 22. SDS-PAGE patterns of Hanwoo or Holstein beef extracted with various
solution,

Charged protein amounts were 20ug/well. Gel was stained with CB.

Lanes 1, molecular weight markers: 2, 4, 6 and 8, Hanwoo: 3, 5, 7 and 9, Holstein:
2 and 3 distilled water: 4 and 5, 0.5% SDS; 6 and 7, 0.5% Triton X-100: 8 and 9,
0.85% saline solution. :
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i\ 2 3 4 5 6 7 8 9 10 I

Fig. 23. SDS-PAGE patterns of part meats from Hanwoo and Holstein,

Panels A and B were shown Hanwoo and Holstein. Lanes 1 and 7, loin and chuck: 2 and
8, shank; 3 and 9, rib; 4 and 10, fore leg; 5 and 11, hind leg. Gel was stained with
CB.

1.2 3 4 5 |
Fig. 24. SDS-PAGE patterns of Hanwoo, Holstein, pork and chicken meats.,
Meat extr&cted with distilled water in the hind leg(Hahwod, Holstein and pork) and
leg (chicken). Lanes 1, molecular Weight markers: 2, Hanwoo, 3, Holstein: 4, pork; 5,
chicken. Molecular weight of beef specific component was indicated in left lane.
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Fig. 25. SDS-PAGE patterns of heated Hanwoo meat and purified Hanwoo specific
component,
Lanes 1, molecular weight markers: 2, Hanwoo meat; 3, heated protein: 4, 19,7kDa,
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Fig. 28. Indirect competitive ELISA of
pork, beef, chicken, goat, duck, turkey,
rabbit, ISP, egg protein with beef
polyclonal antibody.
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Fig.29. Indirect competitve ELISA of

heated pork, beef, chicken, goat, duck,

turkey, rabbit, ISP, egg protein with
beef polyclonal antibody.
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Fig. 30. Dot blotting patterns of antigen-antibody reaction with denatured Hanwoo
polyclonal antibody,

Lanes A, heated Hanwoo meat: B, pork meat: C, chicken meat; D, 100% beef Sausage.
Charged ‘amounts was 50ug, 40xg, 30z, 202, 10zg and lxg per well from 1 to 7.
Antigens were heated at 100°C for 30min.
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SUMMARY

The size of domestic meat market, about 300~500 billion won a
year, is so large but the circulation system is not sound in its
structure. Tispecially, there are illegal ’sellings of imported meal
product damaging the basis of domestic livestock farmers in retail
markets. ’l‘hc imported  meat  product are  on sale as
(lomestic—pr()(luc(xl meat product, and the imported frozen meal as
chilled meat. With .a aim of the cstabliys_hmenl of order in the
circulaﬁon of nmatipm(']uct‘, there \have bheen several studies (Qn the
('Ii‘scrikmination betwcen imported and do_guestic meat products. IFor
cx_amplc, RFLP (restricted fragment length polymorphism) method
was dcvelope(‘l,_to detect the specificity in bovine species using
DNA analysis. However, it has some limitations caused by the
hybridization of domestic hovine genes with introduced - genes
forcign genes, and there is no practical analysis tool for this
purposc at present. In this study, we tried to apply ELISA
technicque and Comet assay to develop a discriminating analytical
method. We focused on the facts that the imported meat products
have to be preserved for long time (frozen for 60-90 days
shipping) and be frozen and thawed repeatedly, undergoing the
denaturation of meat proteins and the damages on DNA molecules.
Myosin, a meat protein, and its subfragments obtained by
enzymatic hydrolysis were separated and purified. By immunizing a
rabbit with the purificd myosin an_d its subfragments, the
anti—-myosin, anti-subfragments polyclonal antibodies were obtained

for Ci-ELISA analysis. The immunoreactivities of
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freezing-preserved and [(reezing-thawing repeated meat samples
were decreased in proportion to the freezing-prescrvation time and
the number of freezing—thawing times. The established conditions
for Ci-ELISA were suggested as being used in the discrimination
of imported meat products from domestic ones. The DNA damage
data on the meat samples showed by Comel assay were
proportional to the reﬁ;igcmti()n‘ time until 3 days and the number
of freezing-thawing times. It was found that the group pattern of
damaged DNA molecules was more uscful for the determination of
"meat  history’ than the direct index of DNA damage. It was
concluded that the ELISA and Comet assay techniques used in this
study have a significant potential possibility for the development of
a practical method and the subquent step to establish the more

concrete conditions is necded to achieve that purpose.
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electrophoresis(SCGE, Comet assay)©] 2Tl Johanson, 1991: Cerda et
al., 1993). SCGEXH-& Th}gt ZRFEAHZo o] ofg Helo] 2fsf WA
5l= DNA £4)(damage) 3} 8 (repair)E& 38t WHE2EA in vivos}
in vitroddFof olm] Al&Elo] 23 3irtHSingh et al., 1991: Olive et
al., 1990; Tice et al., 1990; Ostling and Johanson, 1984,61987). 3§t
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3} WAl (ionizing radiation) S(Singh et al., 1988: Green et al.,
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SEGEV} 8% ALw 9len], Fiirbairn5(1994)2
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i, 742g W SZolA WAl ZAlel ¥ ®umtoluel ZAlske] wE DN
EuAEe] 27 3EE 4 9 7154 AASHETHDelincee, 1993).

= )

£ dFoME 2% i E myosinzt 19 T4 JIEEIERTE &
o] 2l subfragment& 3} o8 3= E3FE 3ta(polyclonal antibodies)
2 Aa,  EelAA3te]  indirect competitive Enzyme Linked
Immunosorvant Assay(Ci-ELISA)E ##lsiz B2 AHelod gAE=
myosing] WA FEE Al AdS3 52 dFSES A wEY #

e AEE PHE AUstazt stdch @ £U%Y FE £U7T
ulgl E&5F Q8 Alzio] Ao TN MEUS DNATE &Aoo HIsto
A48 5HY 4 9 Comet assayE FE, FUSE

FIA AN 4 ol W& Hohjaz} sl

A2d S L Wy

1. ELISAE o] 8% FZAAe]S2] syl s

7}, Myosin W 1 subfragments?] Ha]2} staje] A4t
1) Myosin®] &2
AZ7HA] ZHLZ2HE myosinEAE Eelsh=tlol: Quass(1968)2]
Wg A B A3 v S o] &3te] oL}, TIE myofibrillar proteins
of 93] Q@AEAU &0l YA Urlhu:e FAE, £ HYPoME:
Choi(1991)2] ¥hH S H gt 0](1995)8] uhH-& A1&3lgich Myofibrillar
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proteinBol TIAZ 7Y WrEet Zol2el ZstlM SAEE ¥Wg
olgslo] ol&AEIl THE T s &g Agstel Helsteln, wAE
Aikslr] glela Al EE Thd wde 1 $Est YAlel ZEd) 43
o Qdag F7 uiRel HeE Al $EE o7l slA DEA

cellulose (Whatman DE52) anion exchange column chromatography® =}
Sephadex G-200 gel filtration chromatography& AH&3t3itt. Hald
myosing SDS-PAGE (10% polyacrylamide) “dollA &4+E& #Helstsdrl
2) Myosin® ZXE] myosin heavy chain % light chain®] &¢|

Myosing F702] heavy chainz} 37§2] light chain®& o] 2l
o] Maliey} neRREoR L oXn papainZ} trypsine] 23] Jhe2
3j4)7|1 S-1, S-2, light meromyosin® 2 #2]¥crl Myosinixl 2|7}
mj$ 232 22 A3 Exhe] 23te epitopeo] of 5,0007] FEOlEE
qsapA Bel(wyosin)el AN WE WHE Wlels UF B
Arta & 4 gt ulalr myosinEAlE @ -chymotrypsin® 2 A 2|5}
FAstA Es)A7] subfragmentES HP o8 A3z} st Holts(1975)
o] ubHol 2l3] myosin Ex}2] ATPase Bido]l Hoiste] THF3} ol
22 AEF 7|5 483t heado] S-S bondel] 23] AYUE &
light chainE& 2e|3ta ol 2720 28] HAAA myosin heavy chain
& ¥ 3tarcth

) A Hajjol 28t myosin heavy chain® Z4-E] subfragments®] &

g @ A

w3t He]% myosin heavy chain® ZHE v AHEIE ZH7he]
subfragmentsE @7] $|3to], Veed(1977) 52
2}2 @ -chymotrypsin®® FHARA A& sl Aol 7=} o2 A=
o ztzie] FMEBo| g AL B S VA FEE o8t &
g]3ladct. 7t BEe &#%& Ho|s] $|8lo] DEAE cellulose ion exchange

chromatography®} Sephadex G-100 (*E¥ G-75, G-150) gel filtration
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chromatography & AlA]3}gitt. ELISAR oA o]-8& 3 ES MM (myosin
vhole molecule)Z} myosin head H& A% ¢Ql S-1 (subfragment-1), myosin
tail B8 "Aulel LMM(light meromyosin) 2.2 Z+7h 3 3styich
4) Myosin £x}2} 1 subfragments®] W W A Adxk

Hal . A" myosin, 28|32 2Ztzte] subfragmentsol ctigt HE
SAE A glotel WY RS 200ug/mle] FET BAY F B
2] Freund’s Complete adjuvant& % £313}o] New Zealand white ¥ =
o] @Wadslacr), FylHAFE]E= complete adjuvant THAl incomplete
adjuvant & A}-23lg om 53] FA} ¥ ear-bleeding2E AL 23| sto]
d % (serun) & 22|31 HEE 1:1000]4 1:35,600712] 3|Asto] A4t
atale] 9718 zAlsteirh. 139U ¥, Boosting o2 A &AL FAL

.
% ¥ 1790 AW the A gold g Asiach

Myosin, Z}z}e] subfragmentsol] cth¥t ztzt2] shal(1g6)&E #e|317]
9]3te] Aol FH L Affinity Gel protein A MAPS I1 Kits& A}&-3tof
affinity chromatography (PBS buffer(0.0IM PBS, pH 7.4, 0.15M NaCl)E
£&A171 ¥, 0.1M acetic acid(pH 4.0)2 EF%3¥ 1568 £&)E AAI5IA
vl Eel® (g6 &2 PBS buffer® FAZF ¥, polyethylene glycol
20,0000.8 &3lddcrl. HEHEE 4 mg/mlE BT g FYHY
glycerol & 2 Z3tslo] -20TCoA HASPHA A1&3}%Tt

6) Indirected ELISA =z 2] Eal

o

218 coatingdts B O 2 competitive indirect ELISA(Ci-ELISA)
gtalsloict. Coatingoll= myosin £32}2] W& pHetl dsor A
_]

)
o7 Q5] basic 29 (0,IM sodium carbonate, pH 9.6)& AH&

it
fir o
J

O
A

1
sledct. 3 blocking -9-°“°§‘— 1% bovine serum albumin (BSA) &z}
1% gelatin -2Ng A3} | a‘l°“ o2 AL 1% gelatin SQo A 31|
2}2] non serum blankZto] Al Lo} 4] ZHdo] dojURE 1% BSAE

- 263 -



Ag A3} olA¥HELE  horse radish peroxydase (HRP)E
conjugation¥t goat anti-rabbit 1gGE AME3l4crt. 3} 2R3 w9
gAe] Ml Tel3 olduAe] HMuSE Polod BY HF 21g

Egls17] ¢13h Shin(1993)2] ol wiel &l 1¥E =& 0.78 ug/ml
ol A H-¥] 25.0 ng/mi7kx], dxpstAe] EAMuj4E 1:2005€ 1:51,2007}
%], o|x}skaje] 3]A w4t 1:5,0005E] 1:160,0007}2] 2 3lo} IS A
(BT/B0)2| Zlo] 505 fAlste B EE RAble 2 &4 A Al&she
73 =28 ZAASYcT}. Washing buffer:= tween 20 0.05% 37}

2

0.01M PBS bufferE Al23}gia, 7} giA|e] v 37TCollA 241744 A&
slodth. ME £A(PBST)S tween 202 0.05% E7}¥t 0.01M PBS bufferZ
AHgEtE T 2 gAY WE§& 37TollA 2417 wjerdte] wESAIZTE 713
Lo hydroxy ‘peroxide

¢

¥

2 718t 0-phenylenediamine
dihydrochioride (OPD)E& A}&319is, uvl-&E EZAAFIZ] £15te] 2.0N
H2S045 A}-&3lgich. WS 25 3O R ELISA readerE 490nme] u}3}
o4 0.D 2t ZFstolch ¥RE Ci-ELISA WHE =Asbsid 19 1
2t ) 3 2§ 74 A F F23A EX)ste tlE myofibrillar
proteing FoiA Z WM& XA|3lE actin} troponin compoundef tlgt
anti-bovine myosin 1g62] 2x} AL AL EHN 24 HAEYE &3

A8l el fE ZAPSHalTh

Coating Ag sol. 100u(Conc. of Ag = 10uz/ml)
lncubation(4°i}, overnight)

’ Washing 3 times
(PBST : 0.0IM PBS, pH 7.4, 0.05% tween 20)

Blocking(1% BSA)
Incubation(37C, 2 h)
~ Washing 3 ]c'imes(PBST)

Injection
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@ Ag solution 504 (sample solution)
@ Ab solution 504 :

Incubation{37°C, 2 h)
washing 3 times(PBST)

Injection 2nd Ab solution 1004
{Goat anti-rabbit IgG conjugated HRP)

incubation(37C, 2 h)
Washing 3 times(PBST)
Injection substrate solutlion(O. P.D solution) 1008 -
lncubation(.’li7°C, 20min)
Adding stop solut'ion(Z. 5N HzS04) 5018
Reading at 490nm

Fig 1. Procedure of ELISA method

7) Inter @ intra assayoll 2% A& ZHA
w8t zhzhe] dkglo] gl 1gGe] Zx} @{}E‘-_ (cross reactivity)&
A3t A2 HE intra assay variance?} inter assay variance {}& -

stol ¥ BAzdo] fel4e % o189 4 YLAE FAsCL

o

L 58 @3 A Ao nE HAE 53
1) i gs)d(MPs) &%
Sehid e 224 A7zt F §38Y HiE} dolute ZoE oy
A odA|nt gafde] WERto 2= AHY FAAE o Fof it AR 4
71 olgrh ulepd £ Ao &3] HEsL ELISA Yol &3] Z

EXE YUA oo AAE 2Bl vla £33t Ao AHE
HE AlRE B T 244 7bo] 2% 3+ M. semitendinosus& T4 5o
A 8ol wet FAA AL dZS& Zel2 ol &3t v 83
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A AYL gEl e olellollA HEstE WHoRE FHAEF AIRE Park
£(1994)8] wHog 4C AH2327lofA 3BT i FAFolA 2 g2
ANBE 3t 40 nle] €899 (0.6 M NaCl, 10 wM sodium phosphate, pH

7} FRASIIL 10,000 rpmOE 30 £7F 4Col| A HalBe|steivt. B4 7
FeAE o2

(Whatman No.3)oll 2]3} ofz}stx

Agael st A%S 1al A7 F 24

CollAl 20&7 wjo¥t The ELISA

rlo
1
il
o
—_
(]
<
®
1%
s

o]

5

e

o
i
go
M

readero] A 540 nue] ItAolx FHEE FHHsle] WAL FEE FX3)
orh. EF vl SoloZ L= BSA {og ARESIgiTh
2) ELISA ol 23} myosing] M= &3
o2t AR oje] 50 mE %3t} blocking?} washing ©AE
microwellof] Y& ¥ AAET(1:2,500)% MH z} ahedofl ozl 3|
S

-1 7123 anti-LMM 1gG)& 50 w ¥ F, ol =

o

ol (anti-MWM, anti-
2lg wbgol wiet dRSAIZCE W F 22 0.D. FE VELE FEEHA
oA myosing] & Fhsich &

MC)2} MPSol thEt myosin HE2] H(MT)E At&3Ste] FAF(A1AS, MC)oj
A Qe gto] tiyt MEZEH FAX ] 2T myosinzt FAIete] ANt
2 (immunoreactivity, IR)& UEMIQC) At&AlE ZFAISHH olefe} 2

cl.

o]z myosin ¥&¥(myosin content,

MC (ug/me)
MT or MC (%) = X 1000
MPS (ug/mé)

- 266 -



3) BAA el wE WEE 573
7h) BAAZol A%

myosin @ I subfragment?] HWAE &3

SAALE ABE FET AU AYZY 5L A

rSL

3 F FA7
1 cmAE B2 E zsl AzzAslel -10, -20, -50 1e]3 -80TC deep
freezero Al Zr|aT] WEwyow ZA%Ia 30dnith 67/1€7IA] AR

2 2)stodct. 7 Aol tiste] ¥ §3143 mosin WHEE Zs

£314 3 myosin MIHEE FA3lAr]
]

2%} myosin &2t WA E &FF

4el83l AHS FIAYE AY ARE VT FUE £F AGD

ol Al ¥ 2131718 M. semitendinosusE FEIS|E 40 JAEE Eof $

1o,
ok
43
-J
N
2,
-
o
o
2
‘X
3
[l
i
Ay
o,
Ok
'
)
QL
>
ik
A2
ot
2
._|
[l
|
offt
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(lo

A e)str] Aol &t 20 AAL] M. semi tendinosus ABE 2
A g]sto] Apg-stoict.

W os

5] AAF DNEY 5L $1E Comet assay'd o] 7w

\ed EY S
Comet assay &AFH DNA Ha}7h A7145 Aold &atoz Qe Al

™,

7}ebd# (strand break)Eoll 23] 3|4 (comet)} ZE BYOE o] g

rr

542 o] 8-3l = nho g single cell - micro-gel
electrophoresis(SCCE) ol ELT?__‘T—_ e, o] DNA 2x}E52] cometo] tj)

&t tail length2} tail moment 2] EAXEEE AR E HASA Hrl

ol:l:
&
2
Ao
2
off!
i)
»
£
oﬂ:'.
)..
>
rx
N
Yo
>
2
o
%
Jo
>
frt
lo
33

7}. Comet assay ‘He] #&
1) Pre-coated agarose slide?] £H]. ‘

Fully-frosted slide glass®] A2|7} Eo] &= ®Hol 0.5% normal
melting point agarose(NMA) &< 35 (L& precoating¥t Fof 3} 7"1_2.‘_*]
7131, THA] 75 1£2] 0.5% NMA 89¥-& cover glassE o] &3lo] FU3dIA 7t
F ice bathg]olA 5 £ WA|ste] gel & BT o]el Ho] rHE]
% pre-coated agarose slidet: hﬁmidified slide boxo] 1,—:}.51 A A7
4Coll Rastolrt.

2) zHeere wie Hel

THAZEFE Y A FEUHS G432 o8] 2FoRRE

glshe Wyat Eeldqd Wy oA Eelste WHLE UHeo] A¥sl

odrch.

A

a2 B A9, ¢4 ARE surgical blade® ZTHRPUYLR
%A slicingdti, ©|% 1.5 g& 0.006% collagenase P & (in PBS
buffer) 8 miofl ©7t 37CelA 307 WH-EAFIaL, whgo] &3] 2t Al
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E9E 100 m EEYo]| B F ololq 256 m EE] FAAA T
Mg AAT § YA dEgoz Agsidion, FHH ﬁ@,l—ql.}.g-’ A A7t
Z] ice batho] R@sladcrt. EelFel ol el 7 ¢l Cerda(1993)
2] whHg st} Agslch. &, A|RE surgical blade2 ZARFYY
: oA slicingdlal, slice® AE 1.5 g2 cold PBS €3 8§ miof] &
Z ¥ hot plateollA] 500 rpm®] £E2 5 3t FEIAZATE FAUSH Al
2 gro] WM BEUOE FAAA AHAZA ice batho] Hus}
gich
3) A &elol= A
A E pre-coating® slideg]oll Z7] 213t Delincee(1993)2] =y
< 4% st} o]gstort. PBSe| ol %= 1% low melting point
agarose(LMA) 2 2 microwave® &9l & 32X UojM 45TE #1519
vl Al 50 09} NMA £ 100 8 FABle] 1 F 100 @E nlE
mEo] =& pre-coating® agarose slide $]oll E2]3 cover glassE Y

o FdstA HAA T vl ice bathglol &7 Fol gel & FAAAUrh

Kt

4) Lysis
A E lysissl= whHo =

alkali buffero] lysis3dl= B

%

rr

TR & ol &3t AdAzE
D24 2.5M NaCl, 100mM Na2EDTA, 10mM
Tris base, 1% Na-lauroylsarconinate® X715} pH 10.02.% ZA3 &
oo, AME-3}7] u}E Hol 10%2] DMSOL} 1%} Triton X-100& & 7}stod
slided 1A 7t59t o] lysisdlgdrt, $HR| 2= neutral bufferZ o]
2310y lysisdls RO 2, 0.2% SDS, 40mM Tris-acetate, 1mM Na2EDTAE
2 pH 8.0 %} neutral lysis 29¢] nuclecids embedded slide
€

8-
07 gl lysisstalct.

M o
w

5) Electrophoresis
LysisZ 3utz} DNAZS ghizlo] AAEH AlejollA H/NPFTE AA]
stelrh. o]2A] o] EFH agarose gel Uoll= A Hojent HAE
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L, o] gAML FAslE= DNA strando] strand breakZ} alrid

electric field AloflA] 7}etd™ (strand break)A4t2] =% phosphate

A Bol sl 1 WHEBo] ¥ WYLE TAA Wk F spEnel @

o] pow We4S UFOR oW Fwel FS woldA Hi olFZel

= SolUpl Slo] DV £4FEE TY 4+ YA Hrh Yo RE D

e Al 13 Ay 248 HYsH) gstel of s Al

ol A o) Eshe WAL EA o 13.0 ol B o 8,004 W/ QB 7
o

74 pEg ol g wlmsioich. F dbdel ojsl Z7 A7IPYFH slidew
Hadd AleF YOY0-1(10 mg/mL) 100 £2 HMSIIL cover glassE& ©2&
. 20~3087 TAAF| 2 AnjAAtelA comet imageE HAsloict,
6) Comet analysis 2 ZAz} #4
A M E slidel= fluorescence microscope{ X250) 2.2 &3} HA CCD

video cameraZ® E3sjA] A£H ojn]zA]E Comet 11 image analysis system

o] 78'%,"%_ computer/’b"oﬂkl images « 516l al, DNA é%%‘E‘E’ slide®
1017]¢] SHEL ZPstgict. DN S4FEE FHIhe 7S E tail
tength, percentage DNA in tail, tail moment2} tail inertia (Hellman

£, 1995) Zo] glon}, £ oA tail length®} tail moment2A|
DNA €A EE £x31812r}. 421318 tail lengthol] cfyt FdA 2 &
7 40 pmo}3}, 40-55 ym, 55-70 ym, 70-85 m, 85-100 m, 100 im o]4}2

B FE3 tail length Belo] &3t AE(HA)] EEXEEE WUl
DNA &4ke] elo} =& LRI

1}, 829 olztatd Aol wE DNA &= AL

) Qb Aol 23 ¢82] DNA &FB =] ZAL

B Ao A8 82 X342 (F)BAAGAN FYstolen
T T joAzte] AR Q4L HAo® M. Triceps brachiigt M.

semitendinosus 5 H$2 9 ZiAo] cidte APt z7e] A8 A
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=

oith. WA 7hel WE DA EAe] A= @Ere] WAy Ze] wel AL

or7lolAl 3+1CTE GASHHA 71208 Ado] o

2) BA7| 7] WE 52 DA £ Ee] 7}
SA7|7to] WE ol -20Te] YNIELEL} 5002 LEo0jA

ATAAElE A7 134971 BashaA AP L ATt AEA
EANEE 18C F5IHK)NAM siSslden, F4F0A ARE 3514
c}.

|

o o] AAY lean meat@ S7A7} 1.5 mAE
T AgEAsI] -20Te] YUY ES} -50T Y] 2EolA

st 4% nl 3dnicl ARE 18T S0l BT A 1 1
6 cyclezbz] WHE =Zs5 & HAsATh AEA ¥

g Astyct

) APd ZAEo] whE DNA A3 =2 AL

AZEZAY A5 g rekx] &3] dAddT 4 AESEAEH ¥
A alEstao] A ®Co 100,000 ci irradiatorE AMESle] E 1o uwii}
10 kGy2 =A}slo] Ao AHgstoict

:{o

[~

Az ytray
%—T—ﬂ%}!, 0o | 1 | 3 | 5 ) 10
ZA& 0 lo,sssi 1.0 |1.6673.333
ZAHAIZE | 3h
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A3 23w 2%

1. ELISAE o] &3t = AX 282 shdnbH el sy

7}. Myosing] —.‘%E] o AR 2} E,L[SA Z A2 Fel

&

1) Myosin®] £z U A

£l Choi(1991)2] WH-E B3t chromatography &
A&l €2 &l £2H myosin £t AIGFEE 28 29 U
Ehlgich Lane 42t 5'HE Choi o] Yol 2sto] E2|H myosin Sl
o] Exjste WAL HJYE AYJE EA 70,000, 60,000 Y=o
chil Lol Zz)8l9lem actin(45,000)2} troponins(TT: 35,000, TI:
21,000, TC:18,000)3} 7€} 30,000 o|3}e] Ex}arg 7ha THE A So]
o] e ZAog BE vhilde uis] ¢xrt oAl Zo] drHE
71 wiEol Al Aahg YoM W FAAFE AFo siolch
Weeds(1977)2] ®hdof wla} DEAE cellulose o] 2 4==jo] 2|3t 1} A

Myosing]

i

f

ﬁ

HAE AAsteict. 2% 3A% 0.04M sodium pyrophosphate(pH 7.4)& ©]%
2o g 3l AL chromatogramo|Th. £& 10HEE 2000 Alojof] W =
FAT o] FHol Yol g U¥ BWBo| EeHrh 8 8



o

0.5M NaCl, 10 mM sodium phosphate(pH 7.0)2.8 A3t F o]2 34
ol AYFe] %5‘ %"e‘%‘% e }“U} ojufe] E¥E+ 13 3Bol

A5o] ol %Elﬁlﬁ%% Uehigith o] BuEe 7% Azt
2% 22] lane 6 3} 7 Mol UehYT). o] mB4x]2] X 2| ol actin

o] th &g 7] wifol o] #EEE thr] polyethyene glycol 20,000
£

Ole
i
£
%7}
=
N
X

i
A
i
X

3 0.5M KC1, 10mM phosphate $t3&<lo] F

A3t t}2 Sephadex G-200 gel filtration chromatography& AJA]s}eitt

(2% 4). Myosin2 2% 16WHo]A 24 Atelelly FelEldey AVGF
Az " 2, lane 8, 9)& A RY, ofAH3] &zt actin &7} &3}
= ZLE uitkEeic

2) & myosin 3] At W x|
o B ¢ AHAE T]UM Affi-Gel

protein A Maps 11 kitE o|&3lgdt}, L E¥ = 18 59} %_H:}. o} %

~—

8} bovine myosin ErH(IgC
28 3nEE 5H7ixe] EYEL Eo} 0.0IM PBS buffero] T3t ¥
=3 % A]?]S'_ Lako] glycerol& el -20

Cojl BA3IH bovine myosino] thit ¥x|gdo® *}%3}9«53}.

3) Indirect ELISA o] Eal ‘

3 2L S flste] AAsgd ¥ "”*ﬂﬁ] sEE
Ag coating HE7} 10 pg/ul, YA} kA o] .44;]1&]1—,-7} 1:5, 000 g3 o)
Apaae] B Au)at 1:20,0009 oh HHSFE (BT/BO)Zo] 50%E Liehol
(23 6) ELISA Z2A0% HAF YT olFe RE AL of ZAsIolA

At e o wtE EEJHS I8 7o vehigch Had

polyethylene glycol 20,000

o 0.5 sg/uLolgirt. ol

2= 0.5 wg/mbofjAl 500 pg/ml7tA| R 3, ZEE=
%+ Dincer 5(1987)0] B8t 0.1 gg/nl Rl cid yx|gt ZAHA

a4
& £4sHe AYolNE 2 BA7} 5 4 e Azs g
e 34 oA 25 A 225t t}E myofibrillar proteinZol
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e —

Fig. 2. SDS-PAGE (10% acrylamide) of proteins purified from bovine muscle

Lane 1, 12 : High molecular weight standard (myosin heavy chaini 212,000, a2-macroglobulini170,000, 8
-galatonase:1 16,000, transferin:76,000, glutamic dehydrogenaseiil, (000

Lane 2, 10 : Low moleculur weight standard (phospholylase hi#1,000, bovine serum albumin: 67,000, ovalbumin: 43,000,
carbonic anhydrase; 30,000, a -lactalburmini14,400

Lane 3, 10 © Muscle proteins (myosin heavy chain: 212000, bovine serum athumin: 67,000, actin: 45000, troponin T
SS,QOO, troponin E2L000, troponin CHIR0K0, myosin light chiin 125,000, myosin fight chain 2 1RO00, wyosin light
chain 3; 16,000)

Lane 4, 5 : after scparation

Lane 6, 7 : after ion exchange chromatography

Lane 8, 9 : after gel filtration chromatography

0.4

0.38: . ( A)

0.3 . :

0.254
0.2

0.15+
0.1

0.05

0.3
0.43
s - (B
0.33-
0.3
0.23+4
0.2+
Q.15+
0.1
0.05-

O.D. values(at 280nm)

.7..---.vverTTHllullnll.-ll‘rﬂ'lrr..)ﬁrlrll-xl-lr.(slv
L) 10 Ak 20 23 R D] 35 40 43 S0 8 &
No. of fraction(2mi/1 fraction)

Fig. 3. DEAE cellulose ion exchange chromatogram of myosin
(A under effluent! buffer condition (0.04 M Na-phosphate, pH 7.4)
(B) under clute buffer condition (0.5 M NaCl, pli 7.00
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0.D.values(at 280nm)

0.4+

03+

0.2+

O.D.values(at 280nm)

0.1+

IR TTod 3 ARAN XRLEIAA g
10 15 20 1] 30 as 40 4s 30 53 &

No. of fraction(Zml/fraction)

Fig. 4. Sepadex G-200 gel filtration chromatogram of myosin

2.5 -

0.5+

1

2

1 1 1 b L] T L .

3 4 5 6 7 8 9 10 11 12 13 14 15
No. of fraction(1mil/1fraction)

Fig. 5. Aff-Gel Maps 11 affinity chromatogram of anti-myosin IgG
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. 3

-
2nd Ab(1:10,000)

=

2nd Ab(1:20,000)
> .
Normal Serum

2 (Bt/Bo=50%

O.D. values at 490nm
¢

14

1 T 1 1 +
100 200 400 800 1600 3200 6400 12800 25600 51200 102400

diluted anti-myosin 1gG solution

Fig. 6. Titation curve for the determination of optimal ELISA condition

==~ 3b 15000

80 -
70
60
504

404

BT/BO(at 490nm)

30 -

20+

01 02 05 09 19 39° 78 155 312 625 135 250 800 1000
Concentration of Ag(ug/ml)
Fig. 7. Standard curve of ELISA for myosin
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A 71 2 BEE 2A|SHE actinI} troponin HH3HECl thit ¥ myosin
1g62] IA}AYL, myosind] AYE 100%E 3}R & uwl, actino] 10. 4%,
troponino]  6.3%% UEIWA FAUPE FHA JIEFLLEHN assay
valueoll A A9 Al7l BMA EaAl7t glg Ao werE gch
4) Intra-inter aséay varience

Intra-inter assay varience Z}-< Utz o & ELISA Ho] AgHoz
FoAol AErtE Brksly] g8l AAshe ggelrh. AzEat gl ul
2 gubgel ®AZke] 10 ojsty w, 1 EAge] AWrh = 2004 Ut
Ebd upe} Zo], intra-inter assay Ztol 2.5~11.0 Atol 2] gk (p<0.05)
g Bo| F9long o] WS o|&¥ of EAVI e AL AXRESCH

34 AAGIAE E 30 Role ZANE 34+& 32 4P &
onf 96% ole] HOE 1 feldT AWl M wA Uthuth o%
o] wHow A +1.7 (p<0.05)8 oFF A Ueldtth. ulelA bovine
myosin®] SAWAEE 23L& 98] 7'UE competitive indirect ELISA ¥

EA Uelsten o] Al¥gsh= FEAWY Ao
o

1}, Myosin subfr‘égments o] g W Ao} ELISA 2A2] &
1) Myosing] heavy chainz} light chain®] &g
Holts 5(1975)0] ©]&3}9% 5M. guanidine} 4M urea® A}&3}o]
myosin light chaing& £e|s}aict. o]oll t3dt Azt= 2% 82 lane 2, 3
ol AAIE ZAY, myosin light chainZ wlad & £
2| E &gt myosin heavy chainol] o} & o A3] &3l UL LIER]
st ;
2) Myosin heavy éhain.‘l] "ol 23t subfr'ag;nents.‘ll el 9 A4
Myosin heavy chain®] bl 7}4=E3i& 2]|3}lo] myosino] '7}2]37._ 9=

H=zl3 EAQE o]L3}o] 0,12M NaCl, 0.01M Na-phosphate buffer (pH 7.0)

- 277 -



Table
ELISA

2. Intra and inter assay varience values for the established
Ag |No. of determine | Mean S.D., (gg/mL) | CV {%)
intra assay varience
1 10 0.986 = 0.01 10.3
50 10 50.125 £ 1.27 2.5
100 10 500.255 £ 0.15 10.0
inter assay varience
500 10 499,25 = 5,51 11.0
50 10 52.00 = 3.04 5.9
1 10 1.08 £ 0.08 7.7

Table 3. Percentage of recovery test

added amount | expected value | observed value | Recovety | Bias

(ug/mL) (pg/mL) (pg/ml) (%) (%)

500 550 590 107 +7

50 100 102 102 +2

1 51 49 94 -4

mean 101.7 | +1.7
(p<0.05)
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Fig. 8. SDS-PAGEO~1

5Y

6 pre

wient polyacrylamide) of myosin digested by @ -chymotrypsin

1 ¢ Hight moleculir weight marker standard, 10 ¢ Low molecular marker standard,
1

, 2% pre-enzyme treatment, 4, § ¢

G, 7 @ after enzyme treatment (myosin_rod part), 8, 9 ¢ 2

1
s

LB

Lo

ST

|

Fig. 9. SDS-PAGLE0% gradient polye

2

D after st enzyme treatment (S-1 part),

: 2nd enzyme treatment.

3 4 5 6 7 8 9 10

e A e PR R

Yo Ty

acrylamide) of myosin subfragment

1 ¢ Hight molecular weight marker standard, 10 1 Low molecular marker standard,

405 1 S-1 part OMW 2 00000 daltond, 6, 7 @ LMN part (MW @ 56,000 & 53,000 dalton)
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o Al dBHA|Zc}. HAH myosin(synthetic myosin)oll @-chymotrypsing

I-8-A1# heavy meromyosingl S-12} myosin rod F-#O % JlgR3)s}eit]
(78] 8 lane 4, 59} lane 6, 7). WAR myosin rodE T}A] o] &A=} 1
ol 1d-8(0.6M NaCl, 0.01M Na-phosphate, pH 7.0)el 5o} ¢
-chymotrypsin® & 7}4= —'f-'-ﬁ}] 5l ‘E“, heavy meromyosin S-2 2} light
meromyosin(LMM) S "ég 4 olodtH( 12l 8 lane 7, 8). ZlEIE AA=

myosin subfragments%% DEAE cellulose ion exchange chromatography&

=

o]-8-3}o] myosin head°] S-1& Eo|slgdon, S 29} LMM-2 ¢Fo] 9]
of] A ’I‘:'ﬁ st U\'N-‘l] 54 ol -g3to] AR alslo] S22 NE Helgh ¥,
3 o]l &7x e °§—8~°—‘,‘ o] 01] Sephadex G-100 gel filtrationo] 2&}3)] 2|
At cH 2™ 9 lane 4, 52} 8, 9). #2|¥ S-132} LMM2] subfragments
2] —‘E’:Z]‘EJ-E- 7—,1 90, 000 Daltonz} 56,000~59,000 Daltongl Z1o.E ol
stgdom, LM diner 2 Ezgcte AL o & Udch
3) Myosin subfr'agmentsoﬂ thEE bl A4l 9 A

oA Bl FAH myosin head FH¢l S-132} @ -chymotrypsinol] 2]
sl ZU Fl4RalE 4HEQ] Lol tigh Ztzte] SR8 &) $isio] akAe]
myosin £xlo] thgt Al Wilo] Falel YL Aarstgom,

B’82 indirect ELISAY o] 2|8l STt FHFPLZHE Protein A

i

High Trap affinity chromatography& o]-83%}o] anti-S-1 1gG2} anti-LMM
1g6E &el BA3todct.
4) Myosin 3+gdof ti&} subfragments 3raje} o7 &3

A(10 pg/mL) AtelolA FYH oz WIAIZE B¢
WE ufe] HMF=E YUz ¥ 24 HHs=2 AUy
=

10). Indirect ELISA o8 o2 ANE B uf, 3

_,_.

FEL anti-S-1 1g69} anti-LM 1gG2] 2] Au)4=7} 1:5000 (0.2 ug/ul) ©]
oleh. 22t Al M 5= 1:20,00002 A3t Zlo] 242 3=
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4\

L e S N S Su S S SR D)
1 2 4 8 16 32 64 128 256 5121024

Diluted IgG solutions (I/x X 107%)

Fig. 10. Determination of the optimai concentration of primary IgGs and secondary Ab (Goat
anti-rabbit IgG) conjugated HRP (1:10,000 dilution(C)), 1:20.000 dilution(El); by
established ELISA procedure
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AU BoF TrerE Arh(p<0.05). ©] FkE Gonzalez 5(1996)0] AH&T &
32 E o] A BT 1/5008T) Gyl &2 Fkolth Martin F(1991)<
ol wMEs  EYelnE  ZAS  #sl YR sandvich
ELISA(immunocapture ¥)ollA] THdZE FAE 1/1000 (1 g/ml) 2= 3] Al
5to] A}&8}915l, capture antibody& AM83EF Sargeant(1993)& 1/500 (2
pg/nl) el A 3M =8 Algstych. uteld £ Aol A8 A

o] 7l Xyt Zlog wiviE|elch

normal serum® blank(NSB)E AMESlAlsl, EEUUES €A AUE uf] 2]
ZHe Hk-g2] 10052 Kol ofof tisl 7L Exo] tigt uh-S-Zh(BT/BMax)E& ¥
2o Ushgde A% 27 938 Peje] F4e vehigdch o 4
& standard curve® 3ol 7zt g F3tedl AHE stdel( 2yl 11).
zbzte] ZadolA & wbgwisl: 4~125 pg/mlolR, HAETAE 0.1 1
/mi o] QITH(p<0.05). Myosinofl thit zt A& o] 8¢ EFEFAM 0.1 ug

/n0e] AZ AL Dincer S(1987)0] Rk 2tEel ZA Ueht Holdl

Ol

6) 2t iAol AXAYE L 34E AL (FHH ELISAS] B7h
AAYE anti-S-1 162} LW, 283 anti-LMMz} S-1Afo]e] mabAd
3kl 02 3|3 anti-LMM 1gGE AR 3tAE 7
=1

stgl o2 B}3 anti-S-1 1g6E &

rlo

AT stEe A 8.5%2 AAALEE RHoi(p<0.01), vi¢ Folido] &
Ao g wierE|airt. EEE okae] EalH uhgo] 2%t Z+7+e} subfragments
del FHAT $44E AF Aslel AT A4E &

RN E S-17} 5-32] HBF 3|4+ 102.87% F 105 002 vf-$ $319
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80+
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1 10 100 1000
Diluted Ag (ug/ml)

©

Fig. 11. Standard curves of anti~myosin(A), anti~5-1(B) and anti-LMM IgG(C) for quantification
of myosin and monitoring of the denaturation of mvosin by frozen treatment
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259 43 % $AA] WE WHE 23
1) BA4A Ao 2|3t myosin W I subfragments?] HAEE &3
7}) Drip loss2] ¥z}

ARE 2257 Wol &Y drip(thav-drip)e] ¥ FA(R)E %
Bolact. BA S AR/ o] ulE drip losst= 2t SEclolA T
2to] & Holil al.eml', -20C > -10T > -50C > -80T&. ¢ % &2 4
& Uehigleh(® 6). ZE 2ErielAM 3 Ad7ixe 4% F

Efglont, 5ol v £&& AR, 6/1dalele dripd

EA o] HASIgTE 10T A= 37]YA] 6.22%% FAE Velulen,
olFze &Y FES 1]5}13}7} 6 M 4.36%712] st

Table 4. Cross reactivity test between S-1 and LMM (%)

Antigen anti S-1 IgG anti-LMM 1gG

s-1 100 10.3
‘LMM-3 - 8.6 100
(p<0.01)
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Table 5. Recovery test of S-1 and LMM

added expected detected ) .
Ag amount amount amount recovery Bias
(ug/ml) (ug/ml) (ug/ml) (%) (%)
100 110 115 104, 54 +4, 54
51 10 20 19 95,00 -5.00
1 11 12 109.09 +9,09
mean 102,87 +2.87
100 110 120 109. 09 +9.09
LAM 10 20 23 115.00 +15.00
1 11 10 90.91 -9.09
mean 105. 00 +5,00
(p<0.01)

Table 6. Drip losses of beef slice during different frozen storage

temperature (%)

Temp. 1 2 3 4 5 6 mean”
(TC) {month)
-10 3.29 2.66 6.22 5. 44 5.25 4.26 4,53
-20 3.14 2.53 6.75 5.96 6.25 3.50 4.68
-50 1.34 2.00 5.86 4,82 5.87 3.95 3.97
-80 1.13 1.98 4,28 4.82 4.51 2.63 3.22

® The data were
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-20ColM = 370 A 6. 7542 HIAE Uehllon, 671¥n] 3.50671] 3t
4:8tdr}. -50Col & 371€#] 5.86%& Liehdon, 67/1drlol= 3.954&
Lehgict, -80Teld & 4717 4.82%% 22 E Lellon, 67]dx)
2.63u7}A] At (p0.05).

B

L) = galsdel Mt
2 AF 71zt

[ R=1
LIERRiCE -10TolA A ZH

—r—'

&l Wit AF2Eo ulel ciEA
8¢ &34 W= control 2} BlaSlAl S
u} 2709 7}R] &= control KTl A UEIRtOL, T F 7HASH] A 2}stod

#1%¢ 671 d=lol = 88.81#2] &3 Vehdch (R 7).

Table 7, Changes of MPS of beef slices during different frozen

storage temperature (mg/mL, %)

Temp. 1 2 3 4 5 6
A{T) (month) _
o 2.86 3.28 313 2.8l 2.65 2.55 2.54
100° 114.69 109.44 98.25 92.66  89.16  88.8l
2 3.17 3.46  3.64  3.58 3.50 3.26 2.89
) 100°  109.15 114.83 112.93 111.46 102.84  91.17
- 3.09 347 3.69  3.65 3.54 3.29 3.14
- 100°  112.30 119.42 118.12 114.56 106.47  101.62
" 314 339 37 3.47 3.50 3.43 2.81

100° 107,96 118.15 110,51 111.46 109.23 89.49

® These values were calculated in the percentage of results of each

treatments compared to control (fresh beef) (p<0.05).
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of Tyt deutgEE 2xd Aelol wel 234 Aol Uehion,
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A sE ook e A% 2AdYe A&l H4aFI] A
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immunoreactivity of each Ab with myosin

Table 8. The changes of

molecules extracted from beef slices during different frozen storage

temperature

(%)
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67. 54 55,03 47.00 42.20
7.13) (£6.04) (+3.72) (£3.28) (

95,03
(£4.93) (£

100

~10

28.96

35.85
+3.33) (£4.07) (£2.72)

43.09

53.75
2) (£4.68) (

.54
6

@ Control (fresh beef slices) (p<0.05)
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Fig. 12. The comparison of myofibrillar protein solubility(MPS) with immunoreactivity(IR) of
anti-myosin IgG for myosin molecules extracted from beef slices frozen and stored at -20C
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Fig. 13. The comparison of immunoreactivity with anti-myosin IgG and anti-LMM IgG with
myosin molecules extract from beef slices frozen and stored at -20C
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sl 5ol 28] HEH &g wHI AU Folch. 74 2zriofA
drip2] &2 -20TollA 29.16%2] 713 &2 k& Uehfas, -10T > -50
T > -80TCe w28 W drip& A&slolch 63 3|F Fol BE A
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4

N

Table, 9. Drip losses of thawed beef cuts by repeated

freezing-thawing treatment

(%)

Temp, 1 2 3 4 5 6 mean”
(T) (month)

6.14 4.87 3.41 6.24 = 3.52 2.44 4.43

0 6.14 11.01 14.42 20.66 24.18 26.62°
" 6.81 679 334 429 480 313  4.86
_ 6.81 13.60 16.94 21.23 26.03 29.16"
o 3.77 564 525 503 .3.52 .2.06 4.21
- 3.77  9.41 14.66 19.69 23.21 25.27°
" 2.44 6.74 3.56 258  3.76  2.43 3.58

2.44 9,18 12.74 15.32 19.08 21.51°

® The data were obtained from five replicates,
® The sum of drip losses were expressed as weight losses of each

treatments occured by re-thawihg (p<0.05).
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A3 WEE UHY HeFoldE FAVUel A HelPohe
& (22 14). F 1004 8 4 dRo] &34

2 gqlon 7 A% L2 o= AlstA U

e}, -10°Col A ASHRA ZALeE Azl ol 28] sIFoIA o 10%2] Zha
2 moln gled, e4dUAl= olu] 32.08w7tx &aldol Zaz| v
(p<0.05). -20C Mz 7L 4 28] slE7HA of 96xe] §ald g Ryrh I
U 53], 6xle] siEAelelN olu 15x ol a4 ZAE ekl

(p<0.05).

Table 10. The changes of MPS of thawed beef cuts by repeated

freezing-thawing

(mg/ml, %)

Temp. ¢ 1 2 3 4 5 6

() (time)

10 293 268 266 260 2.3 1.93 1.99
: 100° 91.47 90.78 88.73 80.55 | 65.87 67.92
2 3.07 2.94 297 292 299 25 253
) 100° 95.77 96.74 95.11 97.39 84.36 82.41
5 2.42 . 259 2,65 2.61 251 249 232
o 100° 107.02 109.50 107.85 103.72 102.83 95.87
%0 299 319 3.05 301 295 276 2.65

100* 106.69 102.01 100.69 98.66 92.31 88.63

2 These values were calculated in percentage of the results
of treatments compared to control(fresh beef cuts) (p<0.05).
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Fig. 14. The comparison of myofibrillar protein solubility(MPS) according to frozen storage time
with that of repeated freezing-thawing treatment. Samples were frozen and stored at -207TC

120

100

IR & MPS
@
S

Fig. 15. The comparison of myofibrillar protein solubility(MPS) with immunoreactivity(IR) of
anti-mvosin lgG for myosin moiecules extracted from bee! cut by repeated |
freezing-thawing at -20TC
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Fig. 16. The comparison of the immunoreactivity changes of myosin molecules according to
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Table 11. The changes of immunoreactivity of each Ab with myosin

motecules extracted from thawed beef cuts by repeated

freezing-thawing according to storage temperature (%)
Ag Temp C° 1 2 3 4 5 6
(C) (fresh {(time)
10 100 96,67 50. 09 43,60 30.50 18.50 14.80
(+ 4.75) (£ 3.62) (* 5.03) (*+ 3.87) (£ 4.23) (* 5.72)
9 100 104, 64 56. 20 33.21 24,50 16.00 9.56
Mygs (+ 6.05) (£ 4.89) (£ 5.68) (£ 5.26) (£ 5.32) (= 4.46)
50 100 108. 21 87.07 61.80 37.20 21.40 14.60
(+ 5.62) (£ 4.18) (* 4.66) (£ 5.24) (£ 3.74) (£ 4.67)
g9 100 92,5 60.97 42.70 27.50 18.90 12.60
(% 7.45) (£ 4.92) (% 2.65) (% 3.54) (* 4.25) (£ 3.80)
100 92.00 82.00 77.61 84.14 92,31 102,52
-10 (+ 8.03) (£ 4.72) (£ 3.21) (£ 4.27) (% 5.23) (£ 5.32)
100 91,30 89.50 90.73 95.65  102.51  107.83
- -20 (+ 4.75) (£ 7.35) (£ 4,15) (X 3.93) (= 4.38) (X 4.37)
100 96.53 68.22 55,37 62.10 80.62 104.5
-50 (+ 5.43) (* 6.23) (+ 3.89) (% 3.99) (* 4.83) (x 3.29)
100 93, 41 60.54 54.79 70.38 96.79  110.66
-80 (+ 4.68) (* 2.42) (% 4.56) (=% 3.62) (£ 7.90) (£ 3.10)
100 92.20 62.57 35,70 28.63 19.30 11.80
-10 (% 5.54) (% 6.02) (X 3.51) (£ 2.97) (% 3.24) (£ 2.16)
100 95,52 49.64 37.82 30.66 23.51 15.62
L -20 (+ 5.06) (% 3.56) (£ 4,95) (+ 3.18) (+ 4.62) (% 4.21)
B 100 103.79 73.21 58,37 45.63 37.84 32.20
-50 (+ 3.06) (+ 3.78) (£ 5.21) (* 4.78) (£ 4.72) (£ 2.89)
100 82.99 64.21 54.66 38,34 29, 81 23.70
-80 (+ 5.11) (% 4.50) (£ 4,75) (+ 2,53) (& 5.62) (% 4.36)

® Control ( fresh beef slices) (p<0.05)
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Fig. 17. The comparision of the immunoreactivity change of LMM according to frozen storage
time with that of repeated freezing-tha\ving treatment. Samples were frozen and stored

at -20°C.
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Fig. 18 The changes of immunoreactivity of anti-myosin IgG and myofibrillar protein
solubility (MPS) in beef slice during storage time
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Table 12, The changes of the mean DNA migration length and their relative damage index
(RDD in two sources of meat during 4C storage

Meat Mean tail length (zm) / RDI
sample

Control 1 day 3 day 5 day 7 day 10 day

M. semitendinosus

33547 41148  495%51° 484+78  511+73" 57.8+1L9

1104 15%01" 15+0.2" 1405 17+03"

M. Triceps brachii

30.,7+26 39.9+37 503+£52° 544%71° 583%74° 622%115

1.3+0.1 16+02° 1.8+02° 1607 19+03"

(p<0.05)

% of Cells

% of Cells

% of Cells

40 55 70 85 100150 40 55 70 85 100 150

DNA migration(zm) DNA migration(zm)

Fig. 21. Distribution of tail length of nuclear DNA isolated from skeletal muscle
during refrigeration storage period at 4T
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Table 13. The changes of the mean DNA migration length and their relative damage index
(RDID) during -20C storage in two sources of meat

Meat Mean tail length (m) / RDI
sample

Control 15 day 30 day 45 day 60 day

M. semitendinosus

358+1.4 485118 42%1.1 410130 353%10.2

1.3%0.1 12%01 11x01 1.0x03

M. Triceps brachii

25*+14 51.8+83 46.8+36 387+24 344£93
16%+03 14%+0.1 1.2+00 08%0.1
80

o 0 day 15 days

B

]

G

3]

°\°

2 45 days

@

&)

G

o

=x

2 o 60 days 40 55 70 85 100 150
S DNA migration(um)
ot

o

X

40 55 70 85 100 150

DNA migration(zm)

Fig. 22. Distribution of tail length of nuclear DNA isolated from skeletal muscle
during freezing storage at —-207C
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Table 14. The changes of the mean DNA migration length and their relative damage index
(RDI) during -50TC storage in two sources cf meat

40 5570 85 100 150
DNA migration(zm)

during freezing storage at -50C
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40 55 70 85 100 150

DNA migration(xm)

Meat Mean tail length (¢m) / RDI
sample
Control 15 day 30 day 45 day 60 day 13 month
M. semitendinosus
359+15 475+72 39909 428+38 41.0£8.0 48.04*2.1
1.3£02 1.1x0.2 1.2£0.1 1.1£02 1.3%01
M. Triceps brachii
32515 46.2+16 39129 463+92 385x10.7 50.40+39
14=0.1 1.2%0.1 1.4£02 1.0£02 15£02
2 15 days
= i
9
B
(o)
N
% 60 - 30 days | 45days
S 40 -
(o]
0 ma yr—
807 71 13 month
vy 3 onins
% 60 - 60 days ] m
2 40 ~ .
(o]
N 20 4 é B
0 -3

Fig. 23. Distribution of tail length of nuclear DNA isolated from skeletal muscle
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Table 15. Changes of the mean DNA migration and their relative damage index(RDI)
by freezing-thawing cycle(F/T cycle) in two sources of meat

Meat . Mean tail length (im) / RDI
sample

Control 1 cycle 2 cycle 3 cycle 6 cycle

M. semitendinosus

345157 338+£5.0 51.0t2.1 586+158 838+7.0°

1.0x02 1410.2° 1908 3.0£08

M. Triceps brachii
30427 343*46 502+58" 67.4+103" 91.8%6.7

1.1x01 15+0.1" 2.3+04 32+01

(p<0.05)

% of Cells

3 cycles

% of Cells

807 6 cycles 40 55 70 85 100 150
60 - )

40
20
0_

DNA migration(xm)

% of Cells

40 55 70 85 100 150

DNA migration(um)

Fig. 24. Distribution of tail length of nuclear DNA isolated from skeletal muscle
by the trcatment of freezing-thawing cycle
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Table 16. 'The changes of the mean DNA migration length and their relative damage index
(RDD) in two sources of meat by the treatment of *Co irradiation

Meat Mean tail length (zm) / RDI
sample -

0 kGy 1 kGy 3 kGy 5 kGy 10 kGy

M. semitendinosus

384+76 60.9£6.2 75058 - 795%50 842%41

1.6+03 20%04 2105 23%0.6

M. Triceps brachii .
4821100 - 7061184 84.3+20.3 8881146 849%169

1501 17x0.1 19201 1.8+03

0kGy 1 kGy

% of Cells

_% of Cells

40 55 70 85 100 150
DNA migration{zm)

% of Cells

40 55 70 85 100 150
DNA migration(zm)

Fig. 25. Distribution of tail length of nuclear DNA isolated from %Co irradiated

skeletal muscle
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Fig. 26. Difference between mean 1ail length of nuclear DNA isolated from two sort of
muscle A) during refrigeration storage, B) freezing period(@Q, -20TC; 4A,-50T)
and C) by the treatment of freezing-thawing cycle, D) irradiation
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Table 17. The mean values of s DNA migration length in two sources of Hanwoo and
imported beef

Mean tail length (pm)
Meat' sample Hanwoo Imported beef

M. Semitendinosus
38.17%£1.02 v 47.00+4.51

M. Triceps brachii
35.80%1.71 49.40£528

Table 18. Percentages of cells(nuclear DNA) distributed to each tail length éroup in

Hanwoo and imported beef muscle

(%6)
Hanwoo Imported beef
Tail length(um)

< 40 169+168 64+73
40~55  320+133 326+100
55~70 268%12.0 ' 333+116
70~85 12785 160188
85~100 41%55 53%34
> 100 2648 113114
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