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An Enzyme-Linked Immunosorbent Assay
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Abstract

In order to detect pantothenic acid (PA), conditions for enzyme-linked immunosorbent assay (ELISA) were
established. Anti-PA-BSA antibody was produced from rabbits immunized with PA-bovine serum albumin
(BSA) conjugates which were prepared by the bromoacetyl chloride [Bc] method (PA-BSA[Bc]) and by the
periodate oxidation [Po] method (PA-BSA[Po]). PA-BSA[Bc] and PA-BSA[Po] was used as a coating antigen
for competitive indirect(ci)ELISA. The Anti-PA-BSA[Po] antibody on ciELISA showed no competitive
reaction. The detection limit of PA by ciELISA using Anti-PA-BSA[Bc] antibody was 1 ppm. The Anti-PA-
BSA[Bc] antibody showed little cross-reactivity to PA derivatives such as pantoyllactone, pantetheine,
pantotheny! alcohol, and acetyl CoA. The detection limit of PA by microbiological assay (MBA) was 10 ppb.
Assay recoveries of PA in egg, cow's liver, and lettuce by ciELISA were 109, 64, and 344%, respectively,

comparing with the MBA results.
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Fig. 1. Structures of (a) Co-enzyme A, (b) pantetheine, (c)
pantothenic acid, and (d) pantothenol (panthenol or
pantothenyl alcohol).
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PA-BSA conjugate2| M=

PA-BSA conjugate® HIYLZ AME37] $3fe
bromoacetyl chloride [Bc] method”$} ¥ $A 3k
periodate oxidation [Po] method®®] ¥ 7}4] whHeo=
bovine serum albumin(BSA)ol|l conjugationdle] PA-
BSA conjugateZ A2tslg ol

Bromoacetyl chloride HIHS  ¢]£3F PA-BSA
conjugate(PA-BSA[Bc]y= T 22 whje= Ax
&5}, 25 mLe) 0.17MPA - }4Call 0.5M citric acid
2 Arlsld pH 272 @33, Fe FI9
ethylacetate® 3 F&8& F ethylacetated F8A|7]12
A anhydrous sodium sulfate® 244|7} $<F Z1=3}t
g} o37)e] 300 mgd MgCO, - SH,08} 200 uL®j
bromoacetyl chloride¢) ZE o] & ethylacetated

SmL F7Fsle] 4°CoAM B F3F vhEAIA F 2mL
2] 0.5M phosphate buffer(pH 7.8)% F7}3led uM-S
ARG AR F A4FAE vEI] A
As27|E AMEslg e, FAlel ethylacetateE A
Astsdct. @8, 20mg BSAE 1mM NaEDTASH
8M urea’} %°}3l&= 50 mM phosphate buffer(pH 8.0)
10 mLel] H7}51 308 B3F HARZS. 7] 1 mM
EDTAS} 11 mg2] dithiothreitols H713ke] 308 &<t
uhgA)Z] o 24 BSAQ] S-SAFS -SHZIE $UAI3
o}, -SH/|Z 3% BSASH HellA A]E3t bromoacetyl
pantothenic acid® E§3E LYo 02M sodium
phosphate 482 7}sle] pH 7.32.2 2351 2447
33 A HRgAIES. 138 9% 0.5M phosphate
buffer(pH 7.4)0] $4I3le] PA-BSA[BclZ W=
Periodate oxidation ¥P'H-2- ©]-8-3F PA-BSA conjugate
(PA-BSA[Po]y= oH&3} 2 uhgog Azslgd.
yhs} 7ol A2Y PAZ 3mLel FF5(580 mM PA)
o] %ed4} 0.1 N NaOHZ pH 8.5% WFI 200 L9
235mM glycidolE 3713F F 244171 52t WA 8},

PA2] primary alcohol group®] hydroxylZ] 2. AJAd=|7|

et o] F 1284 mg® NalOE A2|3le] aldehyde
712 APA|Z) F 300uLe) 5 M NaCNBH,2] £
soll A 10mg BSAS] amino”| 2} ¥hE-AIZ]1 224 PA-
BSA[Po}E THEit

o]} & wWez wWHE PA-BSA conjugate®
phosphate buffer saline(pH 7.4) F43}% 3L, centri-
fuge filter units(Biomax-10K membrane; Sigma)E- ©]
S3le] 1 mg/mLE 33 Poddes ANy

gixf|o| Adtat HA|

PAd Eeldoz Asl= dAE AAlstr] Ast
o]® megPo=z Fu|3k PA-BSA conjugate(PA-BSA
[Be®t Freund’s complete adjuvantS 33| 2 &3}
o fetl g whE ¥ AF 2-3kgriEkel ET|(New
Zealand White ) 2@}2]8] 3 hutstel) b7} 1ml
(05mgmL)yd FAstgc} ol F FrlddE S
Freund’s incomplete adjuvant® A8-3le] AU} F
dgk Wyl e g fedg UE F 2F 7HFls Hg
F-Atstd el

HYg ¥ 157U Fo E7]9) AAYl2NE AY
3led 3A17} Fhk Ao WAl YA FTAF
3 oF 2ZHE WARAY oS, YAH-E2 (3,000},
1083k 3 AL ¥2i3tg92m, sodium azideE
0.02%57A 7lsle] -70°Ce BEEASHA] ALE3t
g}
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M HIHEM ELISA

A2 o9rk= 7HH v]7A% ELISA(non-competitive
ELISA) ol#] &A%} &, PA-BSA(PA-BSA[Bc]
-2 PA-BSA[Po])E coating buffer(0.02M Tris buffer,
0.15M NaCl, pH9.0)] 10pg/mL2 343l micro-
plate2] 7} wellel]l 100 uL¥ W37 4°Col|lA &34t whx)
sle] ZEsleo}. 72 wellE washing buffers 33 A
A ¥ FAE 1% BSA7} H7}el washing buffer(10
mM  phosphate buffered saline, pH74, 0.05%
Tween-20)2. 3A3led 7zt wellel] 100 uLg 1417+ A
slgde}t. A3 ¥ goat anti-rabbit IgG antibody-HRPS
washing buffere] 243l $19} FLaA 2 wellol
100uLd ¥ F o] 1A7E Aslee. 28,
washing buffer2 33 A& o 71284(0.001%
H,0,, 0.01% TMB, 0.1 mg/mL in phosphate citrate
buffer, pH 5.0) 100 uLE- o] AF2ollA] 302 Fot %
Auke-S I8 F 2 M H,S0, 50 uLE ¥h-g A7
A7), microplate reader® 4 450 nmel|l A Z}F well
9] FAEE FAA. ] A= sl Y
9 welts AHE3le] d2 o] HEgeE A3t
At

2t HE  ELISA(competitive
ciELISA)

PA-BSA[Po)(10 ug/mLy& coating buffer2 3|43}«
microplates] 77} 100uL¥ W& F 4°CollA s34
upx|8le] F=819icl. Washing buffer®. 33] Al3g F
1% BSA’} A71¥ washing buffer2 3|43} PA £
3} 8 PA-BSA[Bc] A& T2 £k §98 100
pLE §-& F 1AZFERY HRSAIAH A ukgo] dou}
x& 9o, A washing buffer® 33 M3}
A Umz] 34 2H4 w733 ELISASH 22wy
Z, goat anti-rabbit IgG antibody-HRPZ} 7]%-8-o8 &
AR F 3 ] Jagies EAsign)

indirect ELISA;

TN L

PAS] Aol gt FxMHE-(Cross-reactivities)S 7F
A 7% ELISAZ ZE3}sdc}. PA-BSA[Po](10 pg/mL)
£ microplates] 100 pLH §o] 4°CollA &4t ukx]
3led FEEET). Washing buffer2. 33) A33 ¥ 1%
BSA7} #7}¥ washing buffer® 343 3 PA-
BSA[Bc] ¥ A2} PA ¥ pantothenic acid F-=A<¢]
pantoyllactine, pantetheine, pantothenyl alcohol, acetyl
CoAS4E 27 1:13 ER81 microplates] 100 pL
4 o] Aurge] Yohp=F Fglon, 2 o)F A

#4432 744 WY ELISA®] A3 Fd&A A
Halo] FYEE 23, BAslsch. 281, ciELISAS)
3 o3l AHE JHAT oE A o] I
& A

Cross-reactivity (%) =

Conc. of standard PA inhibiting 50% of Ab binding
Conc. of analogue PA inhibiting S0% of Ab binding
X100

DIMES O|&8H 244 (MBA)

Lactobacillus plantarum(KCCM  11542)8 o] 83}«
Association of Official Analytical Chemists(AQAC)Y]
o uig} AR, Lactobacilli MRS Broth(Difco)
A TFE AAHYSIEAT pantothenate assay
medium(Difco)-2. w33} o] FA3Hen.

Lactobacilli MRS agar plateoll A L. plantarum®)
colony& WA MRS broth 10mLel] HZFsle 37°Ce)
A 202)7F whekst & WAEE(1,100X g, 1083l &
A st YA ST 33 AN Al
g FAE B4 10mLe] FE5E M3 PAS
FEE OngollX 100nge] W9 <dolM 10ng 7HH 2
2 oelsled 100uld A7} pantothenate assay
medium 10mLel] #X3 F4& HF3ld 37°C, 224
Zt whekstaet. AR AAEE 620nmel NS F%
E2 A3 REJAUE A

Al=0IM PAS| =&

AF A BEZHE] PAY F2-2 Finglas'?9} Walsh®
o] vhHE Wyl Y3t AR dia dAS
3 AL AR AR iR g
< I AMgEgon &7k A A F ARSsisd

ANBES 77t 5g¥ 02M tis buffer(pH 8.0) 10
mLell W3 121°C, 1582 F73 ¥ Omni-Mixer
Homogenizerg °©|-8-3le] 308 oA} @dlaigict. A
8 %9 PA9] FelE ¥ calf intestinal alkaline
phosphatase(200 unit)2} pigeon liver peptidaseZ 37}3}
of A&l 35 B 4REAIFH. ol 02M Tris
buffer(pH 8.0)Z H¥E 100mLE W33 AR
(15,000X g, 2088t NG 43, ] & €8] 3
Asle] Aol ARE-3lst). )= pigeon liver peptidase
+ B2 %9 PAZt Z¥He] SlE pigeon liver
acetone powder(2.5%) A F-&dle] AL8-317) el
A2t assayS A PAE AlA 3 o} 8ot 8=

2, 50-100mesh Dowex 1-X4 anion exchange resing
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Fig. 2. Production of antibodies by rabbits.

Each rabbit was immunized with PA-BSA[Bc] on weeks 0,
2, 4 and 6, and bled once every week after each
immunization. NRS; normal rabbit serum.

A48 PAE AAR Foll Algel Mz
w3 @

2} PA-BSA[Bc] EA|2| bt

PA-BSA[BcIE B E7]olM A2 HAAe| 3
9712 74 w|AY ELISAE B8 A, Fig. 290
vieht ujel zro] welol dis BolHoz A
¥ &PA-BSA[Bc] #A7F AAHNES I 4
Aot 27imge] wet AR FAspL 2F F7E
= AL o 4 dled, o F AL el 2
we oo ¥AL A i E79) 33 FIAE AL
234t}

7K g ELISA

PAE HM3)7] $1% GELISAS] A& RIs] 4
Ble] = F5Fo] 39U(PA-BSA(Bc] 52 PA-BSA[Po])
£ microplates] Z®-E 313, 1% BSAZF A7Hd
washing buffer2 Mg So|ME o] &3t 7
GiELISAZ Al¥#] £ 77} PA-BSA[Pols ZHE 7
Lol oF3gt AYPuES BT} o9, PAS] A&
A% 1 ppmelXAchFig. 3).

PA-BSA[Bc]E. ZR8 Aol AHge] AR
o) o)X A ok, ol2ig AFE o e A
Zol % Aelstxm AzAE 4 AUTh F, PAY

1.4
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Fig. 3. Standard curves by ciELISA for pantothenic acid.
Plate was coated at 10 ug/mL wv.ith PA-BSA[Po] and PA-
BSA[Bc].

primary alcohol groupel ¥-E-H¢l FXHYL Fx3}
o PA-BSA[Bc] conjugate® THEL, o] & WHYU2=
sl AJAE A= PANT} W3E PA(PA-BSA[Bc])
£ o}F 3 Qalsh= Aoz 544, @b CiELISA
oA FHEYV2 2 PA-BSA[BCIE AHEE H$oll=
o] Aol sl Eo|gA7} A3l AL PAZt Y
A #alA) Fsh= vime] PA-BSA[PolE A48t 79
o]Zo] oigt Bo|ghAe] Hi}o] w]H osled PA
7} 2 AL AN  ddxd ALE AEHO.

o}2 %8, PA-BSA[PolE HY#IM A2 e 7
£ PA-BSA[Bc]®} PA-BSA[Po]E ¥ 3 plates]
CiELISAS & A3} Agurgo] A2 o] FoAA ok
ote}. o]= 3]} mprIR|E BSAS) PAS] PA-BSA[Po]
conjugate® W= FAA dolF FZAHQ Wtz
ol#] o] PA-BSA[Po] conjugate® HHYLZ 3l A
A1E A= PAC) oigt Sejijo] A3 deix)7) #
Foll, B AgelA Argo]l dotA] gk A
2 A= o3,

& PA-BSA[BcjEiHie| &0l

Eolghile] Bo|ldE 2AIEY] $13te] HEAQ PA
S=A B W A AR W Hbdel HAE
ulg} o) GiELISAZ HE3}C). Fig. 4ol viebd vl
9} zre] Bo|gME Acetyl CoA®] 7A-¢ 8] AF
ulg-S HolAw FE7l FoASF o fEMA
pantoyllactone, pantetheine, pantothenyl alcohol 2 7
o] urg-Aje] ¢ldwt. ol Momis 5} -9 CoAst
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Fig. 4. Cross-reactivities of anti-PA-BSA[Bc] antibody
toward PA analogues by ciELISA.
Plate was coated at 10 pg/mL with PA-BSA[Po].

0.1%2] ZAMM-E, Wyse 5099 74 pantotheine®}
0.3%7}ee] A& B9l A3} viasls & o PA
of gt Fejyge] & YL ¢ 4 U

MBAY % CiELISAO] 28t PAS| &4

AlFAE]] AR, 231 A3 Fo] 2A5R= PAR
MBAW 3} ciELISAd)] oj3led BM&x, 2 AA3E A
2 dl@aigle. MBAWell &3] PAS] &l AM4gt
Sf_%-z."""(Fig 512 RE 2 A& 10ppbe) A
+ 5}°l’£} T %o, 7 As2HE 29 PA
% AT A, A2 A FAEEMEG} FA}

é#— P_aiv}(Table D. 94k, Algke] A% 234
7}%«1 2 $AHEF4.2 mg/100 g YeblEd, o
£ $Ae] ARgat AR gothelglon), BERbEG
AbFReE A7) Ao PAS] ko] w9k A
22 Y7

CiELISA WP o2 Al&e] §i=l9l: PAS 4

1.1 4

1.0 1
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Fig. 5. Microbiological assay Standard curve for
pantothenic acid by A. O. A. C. method.

Pantothenic acid was added to be 10% of final volume of
pantothenate assay medium.

dgon, 7 Azg MBA Aol w sl chTable
1). MBA®l &} ciELISAS] ¥4 3582 A4, A%
I} A7 ) 109% D 64%E v BA oFEaigi),
A, AF3e] A %2 B £ Jehig]
o} o] Z3= Finglas™2] AYeA MBAol Wit
ciELISA2] FA3j5fo] At} 27ke] A$EY ¥
< 257%°19R A} FARIE. W 2 Ao
A7}t A JERRRA, A5 A4S 92 A3} v
pEfe] Bk o ¥A Jehdohs ARSI 5
A=t

AEHoR E AY-L 7]E9 MBA B4y vl
sle] & o PA9] analogued] wh3] mapikg-o] wjj$- b
I, 3 BRI W AR FAl s &
MY 4 3l ELISAE /Mgsisid. o, A2=S
Eol17] 1% kA9 BolgAgale] 7€ ¢gos
W Al FAIRE PA Mol ELISAE #4gto=s &
Ao BeAE Y § e Ade

Table 1. Comparison for sensitivity between microbiological assay(MBA) and ciELISA for pantothenic acid in food

samples
ELISA Recove
MBA Food Tables? y

Samle Dilution Detected Corr. Assayed (mg/100 g) (Omgll?)o zs) ELISA/MBA
ratio (ug/mL) factor" (mg/100 g) (%)
Egg 5/100 23 2 4.6 42 1.8 109
Cow's liver 5/100 23 2 46 72 8.2» 64
Lettuce 5/100 0.56 2 1.1 0.32 0.2 344

Yug/mL — mg/100 g
?Paul and Southgate (1978)

Yamb's liver.
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PAS BME7| Y5t AAwA3HYE AT
A st Bewbd s PolWl 22 BSAel PAE
conjugationdl] Z}7}¢] PA-BSA conjugate(PA-BSA[Bc]
9} PA-BSA[Po))E AZ3l5lom, o|& 7o) Y3t
o ZPA-BSA #FAE vl FPA-BSA[Po] ¥AE
AH-8} GELISAS] Aol Zgukge] Alsh2 e
A skl WEel, AF 4ol Nk PAR A&V
$181A PA-BSA[Po}& EBE ¥ 3PA-BSA[Bc] #A
g A3y, o] AFjelA PAS] FAE%A7E 1ppm

Qd AL HAIg £ dglen, XS F8 PA

EA5e] dsAE 3FPA-BSA[Bc] 371 PAs] w8l
Eo)ie] ul$- Z3lHet. 3, MBAS] AFeME 1
A2gA7} 10ppbel AL AT & AR FAHA
29 AT109%), FF(64%), 27H344%)2] AFAIR
o gk AYeA] A3E Al 93 c¢ELISAE MBA
o] Aol vlms| ¥ o kg ARE 4L 5 IA
t}. 28]2 % GELISAE MBARY £A4A|7}, maput
< Zo] wejM Ao Qo] AF F PAS el &
HHeoz ALY £ & Aold.

#Ale| =t

2 A7E 3URIA AHY 19959 TR
AFAe) APz SR QAR YHEA o
o A=
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