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Abstract

Conditions for enzyme-protein binding assay (EPBA) were established in order to detect biotin more rapidly
and reproducibly than traditional microbiological assay (MBA). EPBA with streptavidin and biotin-KLH
conjugate showed cross-reactivities on biocytin, a derivative with biotin activity, at the rate of 109% (IC,=0.3
ppb) and 197% (IC,=0.8 ppb), respectively, but not on other derivatives with no biotin activities, such as
desthiobiotin, diaminobiotin and 2-iminobiotin. Detection ranges of biotin by EPBA with streptavidin and
biotin-KLH conjugates were 0.01~30 ng/mL and 0.01~1.0 ng/mL(ppb), respectively. In the spike test with
milk, fruit flake and pine-carrot juice, the correlation coefficience between MBA and EPBA with biotin-KLH
conjugates was r=0.994. But MBA showed cross-reactivities both on biocytin and desthiobiotin at the rate of
80.1% and 66.7%, respectively. Detection range of biotin by MBA was 0.1~0.5 ng/mL(ppb). These results
strongly suggest that EPBA is efficient for biotin detection in sensitivity, detection range, cross-reactivity and

time consuming.
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ZHolch. & ofa} FF9] biotin A} HFFEESo] vl
Qgol o8 A} Hedoe PHEd 1
% Biocytin-& biotin2] 2ol Rejo] = (lysine ) 2+
3L e Ay ez o2 FEA WA biotino.
2 A% FUd7 £94-E ebdict. Biotin ¥4} 2]
3 wialol Aka) Eb221xl7} %8¥) desthiobiotin
(¥ oxybiotiny- V| E B3] f4kell glelA] biotin
3} FUdR A9E ol Ro deA o

Biotin2 A]3Fohvt 23] FollA] whuxlst A gt=le]
A7l WEel FA31717F 2] womg dyEe A
Foll 2l biotine] FHaFel| ¥t A uF B} A3



1274 A E733) 2] A 309 A 635 (1998)

AF AERNT F5o] el 1A Y. wjata
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Biotin®] #A¥ 22+ HPLCY| 9§t 7|7 843}
WA FHUAE o143 WA B4 (radio-
immunoassay; RIA), Lactobacillus plantarum-$- o83}
B A-E -2 (microbiological assay; MBA) S-0] 9]
] biotin Z §hehulAl ] avidin-g ©]-8-3F EPBAS] 7t
= AxEet AEgtret BT, kA Fe
EAZE 1 AAR Al EA Bl 831l £l gl
c}h. mebd £ G FielAs 2828 biotin
AEAS A - EY FAe isle
24, A7 v E A 28I e A EA
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Biotin¥} biocytin, desthiobiotin, 2-imminobiotin 5-2]
biotin -f-A} B]e}] % bovine serum albumin(BSA), NHS-
LC-biotin® HABA (4-hydroxybenzene-2-carboxylise),
2,2'-azino-bis(3-ethylbenzthiazolidine-sulfonicacid)
(ABTS) 5 Sigma AH®I5)e] MEFE A3, key-
hole limpet hemocyanin (KLH), biotin-HRP#} strepavidin-
HRP, T A 2k8 micro BCA kit (#23235), 5'-tetra-
methylbenzidine dihydrochloride(TMB):= Pierce A} (7]
=R Telsilon sleke] Aok GR F ol4k]
& AH83KAct PIAE FA ol ANy Lacwobacillus
plantarum ATCC 8014%= FH=A]E7iubed 1 0 2 2]
F-oF uigk e Lactobacilli broth®} biotin assay mediat
Difco AHE1=ell4] 71315}

717 % 217]

Microtiter platet= Nunc A} (715)2] Maxisorp (#446612)
& AHE3}19] o m, microplate reader:= Molecular Devices
Ab (°15)9] THERMO-max™& o]-8-3l$ich. F34x=9]
242 Jasco V-500 UV-Vis spectrophotometer & ©]-£-3}
et

Biotin-KLH conjugate =
EPBA9] ¥4l & 143 Biotin} KLH conjugate=
biotin¥} i 3}o} w]Bo) Al AL HArsslr] ¢

3l NHS-LC-bioting A-8-3}ed Bayer®} Wilcheck® 2
Gretch 5-2|® W& 322 3lo] o33} 2ho] Ajzs}
%ith. KLH 10 mg& 10 mLe] ZFF<pol %9 & so-
dium bicarbonate buffer (50 mM, pH 8.5)o)] ofjs}e]
33] %£438}a1, NHS-LC-biotin 4 mg< 1 mLe 543
bufferel] o] KLH §-43} 37 9 F ice bath (£
dEE, 0~4°CpellA 2217 HEg-AlZiT) uhgslA] ke
biotin-g- || &}7] ]3] 0.01 M phosphate buffered sa-
line (PBS; 1.9 mM NaH,PO,, 8.1 mM Na,HPO,, 154
mM NaCl, pH 7.2)2.2 33] =43}¢] o n biotin-KLH
conjugate®] A FT = BCA kitE o]435le] 237
&tsdch. KLH 1 #2123 biotin £2}2] #]-8(ratio)
© HABA whyol] olslo] F319dt}”. %, biotinylated
protein (biotin-KLH) 100 pL & 56°Col|4] 1087} 4F$-A]
21 ¥, pronase & 1%7} H£& 7}a}lw 55t whgA|A
biotinylated proteinel] i3t HABA 4o} v]Eo)4 A
g skt

EA-ciEZE 249 (EPBA)

Coating buffer (0.02 M Tris, 0.15 M NaCl, pH 9.0)
o FxH2 4-3]A]7] biotin-KLH®} streptavidin 100
ULE 77} microplate wellol] #)-9-7 4°Celj&] 3}h2x}
I 3TCoNA 3A17F Whka]sle] coating & ¥, washing
buffer (0.02 M Tris, 0.15 M NaCl, 0.05% Tween 20, pH
7.4) 150 L2 33 AJH3iHc}. o] FeE e 34
gl biotin-& 4 A ¥HA| (biotin-HRP, streptavidin-HRP)$}
A3 AR (F2] biotinyE 77} 50 pL 4 112 E§3
H-& wHEe] 100 pL ¥ wello)] g5 Ah2ol|A] A7t
Ft A& A7) F washing buffer2 33] 4|33}
QAr}. )24 (0.01% TMB, 0.05 M phosphate citrate
buffer, pH 5.0, 0.1% hydrogen peroxide : A|-8-21%1¢]] 2
71 100 pLE g AhLollA] 3087k whx|slod YA
71 & "2 AAY (1 M H,S0,) 100 L& Hr}slz
microplate readerZ o)-83}e] mA} 450 nmollA zt
welle] F2E5 FA 3o 2 A5 3449 well
& AHEtd A& FRxe] e Felgen, 7
Al 22| biotin FFL A REA wuich Ao 2AIs}
+ biotin ¥F-IFA1 0 2 HE] Falod AFE3]9dc). Biotin
EFTAL bioting] F%F 0, 0.01, 0.1, 1.0, 3.0, 10,
30, 100, 300, 1000 ppb7} =] A] washing buffer® 3} 3}
of Fig. 17} o] EPBAZ AlAls}e] <+adslsict.

ojME EA4Y (MBA)
Lactobacillus plantarum ATCC 8014% o}-8-3} AOAC
Hell 213led bioting #213}5]c}®. Biotin BFFA0
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Fig. 1. Schematic procedure of EPBA for biotin assay.
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ZHE] A 8% biotin FEE 42319129, Biotin ¥
2249 F4L AHAE biotind] FEF 0, 0.025,
0.05, 0.1, 0.2, 0.3, 0.4, 0.5 ng/mL.2 washing buffero}
z A 8] ALgshslet

WAHS (cross-reactivity)

biotin-Z ¥ wha2] o] Bo]A) & xalalr) sl -fat
biotine}] eHgh wAHHE-§ HA]5}%r}. Washing buffer
ol Fx e 34% biotin - A5 (biocytin, desthio-
biotin, 2-iminobiotin, diaminobiotin}2- Z}z} biotin thAl
713l EPBAZ ¥-A3tgic). mxpubge) JxE
biotin & Aol ¥} biotin-HRP2) ZA§S- 50% =33}
<+ biotin®] %, biotin-HRP2] A& 50% = 33}
= Ak biotin®} FEZ2 vhiF % 3o g vhehdiglel

AlEo MAE| Y &5E Y

Biotin®] §% ¥£4& gt Al (A AF)e
T Feola (F3E AF) 223 G-l
FE 58 AFelA Fdsle] ARg3l9l2s Bitsch
50 % Hoppners} Lampi®®2] b8 3312 3o A
A st} 3482 £A4E 9)ste Al g (mL)

3 20 ng, 200 ng, 2000 ng2] bioting 7t7} H7}3k &,
7 Az2) WA ol wret 247} bioting 2she]
o Q19He2 AR biotine] Y} 22 Fol =
% biotine] %e& MBAS} EPBAZ HAjEled 2
388 Ak, Zbztel o B2 E v wEly
wpg7be) AR e AEST B4 AR AR
o) MRl 83t Uk
SGAE Al 1 mLe] milkel] E8k9) citrate buffer

9} 1% EDTAE 1 mL, 1% glutathione 0.1 mL 28]
2% papaing- 0.4 mL go] 57°C water bathel] 2] 9087}
HE-S- A7t} o 7ol 2.4 mLe| citrate buffer& 2] 7}3}
T 121°Cell A 1047 22 7}13bA €] (autoclave) 3 3
washing buffer2 3] 3}od Al-&-3}¢d vt

FHAE AR AY Feo]= 5 g& EalT (blender)
o Zolr] FA B Al ¥ 50 mLe FF= 348l
587 253 Aesisich xe]fe AL 2087
Aedste] A4l¥2] (6,000xg, 10 min)st AR
carrez I (0.36 M K.,Fe(CN), - 3H:0) 0.5 mL3} carrez II
(1.04 M ZnSO, - 7H;0) 0.5 mL-& go] uke-2 A7l ¥
YAE=EIe A5l Aol 25 mLo] HEE &
FrE 7F3 ©}8- washing buffer= )4 s}gc).

FAE *]E FooE WAl (6000xg, 10 min.)
o] 1Y AAT F, 2 FollM 10 mLE FH3}ed
20 mL9~] F55 Aokshed 3 A% 1 N NaOHZ

£ 4622 2R ZHE Arhste] Aue

50 mLi ZA 3} 5] washing buffer 2 3|43} c}.

w3 ¥ D@

Biotin-KLH conjugate2| =

Biotin-KLH conjugatecl| 4] =hijal 1 Zzjol] 2§=
biotin®] <}& BSA®} HABA A Ao gre zbz}
A3 A3}, KLH 1 mole & %3} biotine <F 1.8
mole ¢l 2122 v]w3 AiFgo] F& Ao HalF
2r}. ol 10 mge] KLH7} 10 mLe] 28404 ¢}
3] gl=2] o4& Aol o3 Ao g YR &
AA 2 biotin#} vH-8-& & 4 9= KLHY F&+& A
Aol bl oFrTh A9) 7] wFol|, biotine] Z ¥
Fo] A o2 A Jehd Ao g sbgic

FL-CHERZE 24 (EPBA)

EPBA®| ®4x74& 7 Eslgc). Coatingg 93
biotin 43§} ¥ (biotin-KLH®} Streptavidin)®] 3]4]
+X%, blocking -, biotin-&A~ A §F4l2] biotin-HRP

o] 84 F=, 7149 FF 5§ A Eskyoh Coating
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bufferol] F=r 2 34§} biotin 2% ¥4 100 pL
A wellol] #3317 4°Col|A} 3131t vF=] A7 5 EPBA
£ 3 A3}, ale] ¥¢E 1 ug/mLE coating 3}
<+ o, FF=e Htgo] /b A eld 40 ngy/
mL (ppb)7} biotin-HRP#} streptavidin-HRP2] %3
=2 vebgch w3 g 98 Aol 71d2A
+ ABTS/H.0, E.th= TMB/H,0,7} HRPoJ| th3le] tj
£ 9izbslA HAE B2 0.01%2 TMB (0.01%
TMB, 0.05 M phosphate citrate buffer, pH 5.0, 0.1%
hydrogen peroxide)E W 7]3l 2 ARg-3llct. Biotin
A HlA-S coating 3 F-of] blocking2 32| k=
9] o]+ washing buffer o] ] gl& 0.05% Tween
200] well 3£ Foll 4] v BolA]l S AsA|A &
Hol| FEE T2 = AR A=, AR 05%
9| gelatin® 2 blocking& & v ¥Ax|7He] Aol
£ 7oz Jehgr}

nxperg

Biotin 2 g4l 2 bioting} 727} H] 5 $-A} 1)
ebsts Aol 7Fssn e, EPBAS) 2]3lo biotine]
FEAEol hgE wxpb-g-(cross reactivityyS 7 K3}
ge}.

Avidin = #]¢] streptavidin¥} biotin-KLH conjugate
£ coatingdle] EPBAS. 243t A3}, Biotin-KLH con-
jugates} streptavidin-HRP conjugateE- o]-8-31 EPBA<|
#3= biotin X.r} biocytinell Z¥Hshe H]-go] E9kon
g Al e aababgo] deojulA] edgtch
7} LARRE-8-2 Table 1o viebd wie} 3Fo] biotin
100% (IC4=1.58 ppb)ell TH3ted biocytino] 197% (ICx=
0.80 ppb) oo LA] FE=AEL AAHE-E Ho)

8
1.4
12 .
K3
g 8l 4
3 s
2 ©
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2
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10210210 10° 10 102 123458
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Fig. 2. Standard curve for biotin determination by
EPBA and MBA. (a) EPBA with biotin-KLH (b) EPBA
with streptavidin (c) MBA

] e¥gke}. =& Fig. 22] biotin ¥FFA ol 2%k A&
A& 0.01 ppbE, biotin-BSAZ coating THuAl 2 3}
7 avidin-HRPE #4712 2 AL2-3% Finglas 5-Y¢]
Burch A $FL FHEFUEE 2ok AEHde
0.01~1.0 ng/mLEA] B)3A WA ekgrov} 2 &gk ok
€ A FEE wd AR Heln, ol
biotin®} 2 KLH2| A3} vl ol 4| e} xfo]2} avidin B
v} WhgAo] F& streptavidin-HRP conjugate® &2
71A 2 AM-EEs 7] A Eql Ao AR
Streptavidinel] -f-2] biotin3} biotin-HRP conjugate 2
733HX)7] EPBAo|| 4| = streptavidinel] ol 3}ed biotin X
t} biocytine] ©] & Agtelgdct A ¥k2-o] A x =
Table 1e)]4] 2} 7}o] biotin 100% (&S 50% # 3}k
= 554 IC«=0.33 ppb)ell tis}e] biocytine] 109%

Table 1. Comparisons of MBA and EPBA for biotin guantification in foods

EPBA
Methods MBA
Streptavidin Biotin-KLH
Detection limit (ppb) 0.1 0.01 0.01
Biotin 100 (0.08)" 100 (0.33)° 100 (1.58)
Biocytin 80.1 (0.10) 109 (0.30) 197 (0.80)
Cross
reactivity Desthiobiotin 66.7 (0.12) 0 (N.D) 0 (ND)
(%)  Diaminobiotin 0 (N.D)® 0 (ND) 0 (N.D)
2-imminobiotin 0 (N.D) 0 (N.D) 0 (ND)
Detection range (ppb) 0.1~0.5 0.01~30 0.01~1.0
1y Conc. of biotin inhibiting 50% of L. plantarum growth
—— T X 100 (ng/mL)
Conc. of derivatives inhibiting 50% L. plantarum growth
2 Ic Conc. of biotin inhibiting 50% of streptavidin (or biotin~KLH) binding x 100 (ng/mL)

%= " Conc. of derivatives inhibiting 50% of streptavidin(or biotin-KLH) binding
¥ N.D means not detected
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(IC%=0.30 ppb)Z biotin-KLHej| w}a] w]za mx} ub
&) Fol BoldL 7t wgkon e FEAE
< 25 3RS Belx] Ysirh. o] Ai= Bitsch
W] MMM U AE o] 43l A x=yx] EPBAS]
ZAztele 2] desthiobiotinel] it APk~ Uojr}
A ekttt AE7FE S 001 ng/mLEA] Finglas S©¢]
AT Aol A Bt of 5ul] A FA Jehtc}. by
avidin Bl avidin f-E4| 2] streptaviding- o] 2%}
EPBAc||A] v E-0]AQl Zgo] A A= =24 biotin
o] "xl Aol FHAH”. HE 7153 bio-
tin®) FX+ Fig. 29 FFTAex 9} 3He] 0.01~30
ng/mLEA] biotin FeFo] tekslA EEe] gl o
2] 7FA] Al AR EA 6 788 A o8 A7

0| 4E 24Y (MBA)

#A7EA] biotin EA o F1E W o2 ALgES)
3%l MBAGJJ| 4] & biotin3} biocytin, desthiobiotinel] o]
Blod BF ARGl et on zhzbe] aapuhg-§
£ Table 134} %rgkr}. Biotin 100%0)] ch3}led biocytin
o] 81%2] wx}ul-g4-8 ¥¢.2w, desthiobiotinol] o
Bl E 67%2] AHESo] dofwdrh F, vl E B
Aol 21§t biotin®] 33 A], E-EA Ye4+= biotin
o) 58§ 7R dor A W] -3 fAle Aban}
b4 x}7k X85 desthiobiotin(oxybiotin)# & A}
Hhgo] odelyrony, w3l Z&%HAI7} EPBAC| 2%
73-$-5ct 100] G 0.1 ppb2 vhepde}. Mo 28
& AR 8AZEe 24 1.54]7k0] A=+ EPBA
ol ujsle] WA G- X 7lo] A asge})

Biotin®] ¥-AJel| A}8-El= z+ wpEel disje] £4
of 285+= AIZL, AE A, ZAPHEE 59 o8 7}
2] Wl vlmsled B uf, biotin-Z gl o] L3}
EPBAE bioting ¥43= 7Zlo] MBAd H|3le] Fo]
Aol w3 AM¥Ae] slor ZhudE EAubyal Ao
2 vebdrl. 3 streptavidin-g ©]-83F EPBA ¥4]-&
biotin Al & Az Har) glo =1¢ 7hHs]
o Aol i HEFEY W7} 0.01~30 ppbE
A BlA Yo B2 bioting] §aFo] ciakdt Al EFAR
E9] screeningoll 83}, biotin-KLH conjugateS-
o] 83 EPBA #4428 ZH&H 9+ ¥Al aste} Fig.
3ol e} o] MBA2LS] ARFHAIZE 099424 ¥
B}A) biotin HHEF-AE & 4 9len2 AFAEY ¥
Y 54 FAE F-83A E4E 4 9E AR A
Zhgicl.

AZe| 24y

250
200 (a) r=0.979
=
£
2 1s0f
£
g
3 100 (b) r=0.994
&
50
o i [ n il n
] 50 100 150 200 250
MBA results (ng/mL)

Fig. 3. Correlation plot of biotin determination by
MBA versus EPBA with biotin-binding protein. (a)
streptavidin coated (b) biotin-KLH coated

$-fr9] 7ol MBA© 2]} biotin k& H3F 32.20
(28.5-35.0) ng/mL o191 32, biotin-KLH#} streptavidin i}
¥k EPBAC A= 2H2} 35.90(34.2-37.6) ng/mL, 32.10
(30.5-34.5) ng/mL2] EA{x]§ velyct. AAE &
27 A&4E HES] 93l biotin®] 35S
23 A, $FAl 53l 7ol MBAdAE 109.3%,
EPBA9A & 96.6%2 vteh), 3t Falo)at F2

Table 2. Recoveries of biotin from foods by MBA and
EPBA

Biotin detected

. Recovery rates
Biotin (ng/g’ ml)z)

of biotin(%)

Foods added” — —
1,

(g/e mh mBA (streptaviding)  PA  (streptavidin)

0 322 321 1000 1000

20 483 475 926 912

Milk 200 2267 2135 973 918

2000 28061 21710 1381 106.8
Ave.=109.3 Ave.=96.6

0 94 110 1000 1000

fae 2 186 232 632 74.8

200 1643 1526  78.5 72.0
Ave.=70.8 Ave.=73.4

0 86 122 1000 1000

hice 20 197 198 689 61.5

200 1280 632 614 76.8

Ave.=65.1 Ave.=69.2

" Biotin added to sample prior to extraction
?Mean of biotin detected
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Al goll vlsle] vl Fego] FL& Ao ey
th(Table 2). o]i= $-F- 52 bl 2 Fo) gloir] &
Wizl B3] A9l papain Hrht AF i gdade] sp
F3ll Foll 2% FZ4hyo] #2] bioting] & F7}A)
H7] WEd Aoz A7} F2AAHENA2] biotin
3|4-go] F& AL FAFo| Bk Y2t Vit Cr}
biotin®] ¥-41-& wlalslr] Wjiel AoE wdxgng B
2] Aol 8918 Al A B 7} (ascorbate oxidase £-2]
Ayl 983 Z1oF Jehdol =3 A7 $4x]9
2]3ley MBAS} EPBAZFS] AlakgtA|(corelation coeffi-
cientys- 7-3lo] ¥ A3}, Fig 3ef|4{9} 7to] biotin-KLH
o} Streptavidinol|l4] Z}7}b r=0.994, r=0.97924] ®]7A
=& 702 HalFEg). g e B Ay At
Il A Y A H(EPBAYS: o850 bioting ¥
Ak A4 P g A Ec} A&y Aeksia) 7}
HapA cige] A 8dl] 448 5 9lo], Al Fo|y 218
T BAel AAE M4 5 qlon B4 YANE
FEYE P " Ak 9 QA Aol Sole @
< 230 E 5 9L Aoz A}

2 %

Biotin®] #Ao)) AM-E]= 7)ES] v E B uc)
Al&8ta 7% Aa-obiAA 244 (enzyme pro-
tein binding assay; EPBA)S- 7W-8}¢ic}. Biotin-KLH
conjugate$} streptavidin-g& ©]-2%F EPBA<A], bioting]
A8 7+ biocytinel] tisled 7kt 109% (IC5=0.3
ppb)ek 197% (ICx=0.8 ppb)2] TAPF-& Mo o1} des-
thiobiotin3} diaminobiotin ~22] 77 2-iminobiotinol] 4] &= Il
Ahg-& Ho)x] str}. Streptaviding} biotin-KLH con-
jugateE ©]-8-3F EPBAlA Z&We+ ztz} 0.01-30
ng/mL7} 0.01~1.0 ng/mL (ppb)2. Lhehtr}. &-g-A1 8
o} 3l Felolz v G-l E Fao gigh
spike testo} 4] EPBA(biotin-KLH conjugate)e} v] A5
419 (microbiological assay; MBA)Z}2] AbatghAl =
r=0.9942 wi-¢- ¥ 222 vehych ey MBAE
biocytin3} desthiobiotinel] ©i3}ed z}z} 80.1%, 66.7%2)
WS et AAEH 4 E 0.1~0.5 ng/mL (ppb)
2 2497} ol Agksle] Qlgich 22 m2 EPBA
ol 2}3le] bioting HAsh= 7o) 7]&9] FAE B4

Hell vlzte] A& et AE WY, axuke ae8lx
AR 9] o] 7BA] Held $5% Ao el
= et

#Al &

E A7 199595 FHpAN Zled Al AY
A 9] ol Ro)n] A7u] R el =g ).
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