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ABSTRACT — Ochratoxin A was produced from Aspergillus ochraceus ATCC 18412 which was
then orally administered into the experimental mice to study the toxic levels of ochratoxin A. A
ELISA (enzyme-linked immunosorbent assay) method which is more rapid and safe than
conventional analytical method, was developed by using ochratoxin A antibody. This method
was successfully used to measure the levels of ochratoxin A in blood, liver and kidney of mice.
In order to produce a large amount of ochratoxin A to study toxicity in the mice, Aspergillus
ochraceus ATCC 18412 was incubated in the rice medium and as a result 0.5 g of ochratoxin A
from rice medium (kg) was produced after extraction and purification. Feed consumption’ and
gain in body weight of mice with ochrtoxin A at a level of 10 pg/g body weight was significantly
(p<0.05) reduced as compared with control during period of 3 weeks. Ochratoxin A-BSA
conjugate was made by putting 13 mole of ochratoxin A on 1 mole of BSA. This conjugate was
used to develop ELISA method. The minimum detection level of ochratoxin A by established
ELISA method was 0.5 ppb. After oral administration of ochratoxin A dose of 10 ug/g every two
day for 3 weeks, concentration of ochratoxin A was measured. in the blood, liver and kidney by
ELISA method. The level of ochratoxin A was 11 pg/d, 0.9 pg/g and 3.7 pg/g in the blood, liver
and kidney, respectively.
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bumin), OVA(ovalbumin), Tween20 (polyoxyethylene sor-
bitan monolaurate), TMBZ(3,3',5,5'-tetramethylbenzidine),
RPMI-1640(cell culture media), charcoal(Darco G-60),
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Fig. 1. Schematic diagram for the preparation of ochra-
toxin A-BSA conjugate.
BSA: bovine serum albumin. EDPC: 1-ethyl-3(3-
dimethylaminopropyl)carbodiimide.
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AHER U AREY
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ELISAR{0|| 2/& ==| 3 @3 5 ochratoxin A2| Z4Y
#y¢ ELISA oz 22 9 §AHZF ochratoxin A §

Methanol 150! were added to serum 150 41
1  After vortexing

Centrifuge for 5 min in 1,500rpm.
{

Preparation of surpernatant with PBS-Tween
! Adding 5% Methanol

Adjust to 10% Methanol
i

Sample for ELISA

Fig. 2. Sample preparation of ochratoxin A in whole
blood for ELISA.

Extracting lg of liver and kidney
{

Homogenizing with 5ml ethyl acetate
| Shaking for 30 min.
Adding 7.5ml D.W.
!
Separation of ethyl acetate layer
{
Drying 2.5ml of ethyl acetate layer
{
Dissolving with Iml methanol and 4m| D.W.
i

Passing through Sep Pak(Cis,Waters) column

Washing column with methanol:water(10:90)
l
Eluting ochratoxin A with 3ml methanol
| Drying
Dissolving with 0.1ml methanol and 0.9ml
of phosphate buffer

{
Preparation of ELISA sample

Fig. 3. Preparation of ELISA sample from the tissues.
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ochratoxin A-BSA9| 7 N-NH30H-& & 713l 7183
AlZ) % Al Bz} E9)o) Adstn 9l ochratoxin AL
& HPLCY o g ¥Asiqrt. 1 Zx did(BSA) 1M
@ oF 13 M9} ochratoxin A7} AH Aoz vehdr) &
%] BSA®} A%3 ochratoxin A2 #¢91S 93] ochratoxin
A-BSA conjugate 2 7}E-3) Aj7) & HPLCH o2 EA{3}
o BSAS] 234 ochratoxin AS &elatslct.

3, Kawamurag o] HA@d%e & Exte] diad
16.7 M2] ochratoxin A7} A=At dE o, 1 M9
KLH, OVA 2 BSA¢} A3} ochratoxin A= 2+2} 19.1
M, 0.3M % 1.2MQl Aoz Jepded olefd A=
Ay HIY, A vhg 21 5ol defr] 254 2ol
Ae Aoz Algdrh

v}

ELISAR{Q| 2|

3148k ochratoxin A-BSA conjugate2} ochratoxin Aol tj
3 w32 Aol &ated Fig. 49} o] indirect com-
petitive ELISAY-S 231t} &, ochratoxin A-BSAE =

Coating plates with 100 u1 of OTA-BSA/coating buffer
Standing 4T overnight
Washing with PBS-Tween(4 times)
Blocking plates with 1251 of 1% OVA
Washing with PBlS-Tween(ti times)
Add OTA standard or sample
Add Ab solution (1:2,000 in 1% BSA)
Incubation (4{(3, overnight)
Washing with PBS-Tween(5 times)
Add anti-mouse IgG-HRP (1:1,000 in 1% BSA-PBS)
Incubation (lhr, RT)
Washing with PBS-Tween(6 times)
Add substrate solulu'on 100 2 1(TMBZ)
Incubation (.'130 min.,, RT)
Add stopping SOIEJLinn(Z N-112504)

Reading (450nm)
Fig. 4. Procedure of indirect competitive ELISA for ochr-
atoxin A,
OVA: ovalbumin. HRP: horseradish peroxidase,
TMBZ: 3,3',5,5'-tetramethylbenzidine.

Bg =L ol(carbonate buffer)ol]l =] microtiter plateci]
100 wi(100 ng  ochratoxinA/welly?) 53k th2 4°CollA
ovemnightdle} ZHAIZl & A28 45 (PBS-tween)O 2
43] AAEACE A F Ao v 5o ¥l ¥ WA g
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sl Ml A8} plateo] ¥ ochratoxin A = 228 A8
ZZ o7 ochratoxin A FHE 5A154ed(1:2,000) 22} 50 i
4 wellol] FA3EIL ThA] 4°CoAlA B4 vSAIF G -8
o] B¢ plates MAL Aoz 53 AMHsla, A%
22} &}4|(anti-mouse IgG-HRP, 1:1,000)2 100 pi¥] goi A
2o A 1AIZE AR F AAH S A58 Ao R 68 M3}
oAt 7)o 7| A(TMBZ; 3,3.5,5-tetramethylbenzidineyS
100 pi¥ AHrlste] A&ellA 3027 ¥k, BAA[Z] 3 2 N-
H2S0, €94 50 w4 7438k W35 AxAIHh °] A& EL-
ISA readerZ 450 nmellA F3xg A5k, vlg 2HAE)
5 F 23 Mo)A] ochratoxin A 3RS AAMEITTH

o] ¢} 7+o] &3]9 indirect competitive ELISA &3 & 719))
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9af 7)Ao HMHEE ochratoxin A FExlojdl wle} of
A3 A 2 zlo]& HHon SppbREHE {¢FHOZE 4
Wo| 715¥ A= 2 A 0.D.gte] ¥as e o
23 0.D.319] #}o]2 ELISA reader2 ¢jo] ¥&I4& %
A& A} 10ppboldte] & oM T 7§ O.D. Aol
Bol 2ppb A% RE] UG ENEAE AL F AU
o, o] EUE AA vle2e] F7] € EHF ochra-
toxin A% YA EE FAH3=d gE3ATt

A= mycotoxin®] WIEH EAZ 93 RIA
(radioimmunoassay)7} Aalund$} Dorminique 5501 &
8 E4jo) S&5AULt. ol Fo|3 FAE solid phased]
AN &, A FYU4E FAE mycotoxind} ¥
Z mycotoxin ¥ 1]X] A E 7 FAHOZ ¥gAZ

S FOAA Foz gk BAE AANT L, A
oL FXE WA FHUAFS SAsY o
mycotoxin®] FFE A= oz Fee Wi
ula) A<, A Aol e v WA B39 bA
A, 78 FAHel A71HAS. 1 F ELISAY| 1
otxlo] §a] T ZubAE 9 solid phaseol coating & o]
9}&= mycotoxind} HilE A A F-2 mycotoxind} 1,
22 FHE HAAHow ALAF)E indirect competitive
ELISA 9| A9 1 Tl tha B3hsta wk-gA|zto] A
29t kEstn #8g 4o} shEahAl =Avh Solde

& solid phase] FHAY F-9o) AY Aoz A4
3 AL 0|43t 7HAF direct competitive ELISAR ©]
AME A

Unt oz A Ao o3 mycotoxin FH
AT ABERE Asl 2RS40 o2t 1 2%
o zto)7} YA M2 A& gF 0.2~200 mg Fx=olH
28] 8 polystyrene AlE#E 2% micro ELISALL Y34
Z2}A 4 microtiter plate(96well plate}E 22+ micro plate
ELISAE 2 G&A7t B AFE7HE Bofo #40% ufj¢-
upghal gk whg o 2 ztdd.

Ochratoxin A2] AAt

WA ochratoxin A% SHAEE AN EE IFF As
pergillus ochraceus ATCC 184128 u A x]ol] o} wlj%F
sto] vharel E4E ATt Auix|(E 5008, T8
40%) oA w0l BAFQ Aspergillus ochraceus
ATCC 18412¢] X AEENE ZESI] 28°ColAl 1487+
wioFatgich. o A3 1~1319 71X Magio] L&Y
T 132~148H 742 9] & oA ochratoxin A7} LFEFLCE
Ochratoxin A7} A& 8 28& Rof dxA|7] Ao} A=A
(kg)2 0.84 g2 crude toxino] Yo o™ ©]Z & benzene+
n-hexaneo| A AAAEA 059 AL A& + AUt

Table 1. Sequential changes of body, organ weights and food consumption of mouse treated with ochratoxin A

Weeks after treatment

Item Expermental group* 5 3
1 ¥19.95+2.02 21.3842.51 24.90+1.38
Body weight (g) 2 19.24+2.18 22.88+1.08 27.16+1.59
3 23.44+4.91 21.96+2.44 19.20+1.56”
1 0.1 £0.05 0.1£0.16 1.03+0.36
Liver weight (g) 2 1.08+0.25 1.18+0.07 1.484+0.09
3 1.14+0.23 0.99+0.06 0.89+0.17
1 0.25+0.03 0.25+0.05 0.33:+0.02
Kidney weight (g) 2 0.23:+0.01 0.24+0.01 0.27+0.06
3 0.22+0.04 0.21+£0.04 0.22+0.02
1 2.96+0.68 3.59+06 4.47+1.07
Food consumption” (g) 2 3.15+0.11 3.03+0.53 2.9940.55
3 2.84+0.55 2.48+0.46 2.34+0.19”

a) Mean S.E.

b) Significant at a=0.05 by Scheff test
*1: Ochratoxin A untreated (control)

2: 5 mg/kg ochratoxin A treated group
3: 10 mg/kg ochratoxin A treated group
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Table 2. Recovery of ochratoxin A in serum, kidney and
liver samples after spiking authentic toxin
(triplcate runs)

Table 3. Detection of ochratoxin A in serum, kidney and
liver samples of mouse by indirect competitive
ELISA

Ochratoxin A added Recovery (%) C.V.*
S(ug/dl serum) 104 0.10

Serum 1 98 0.16
0.1 90 0.29

50 (ng/g kidney) 86.5 0.11

Kidney 10 90 0.18
1 90 0.11

50 (ng/g liver) 98 0.10

Liver 19 106 0.16

1 107 0.38

* C.V.: Coeffcient Varience.

OppAo| SMAH
M= 3 F7| FAHO 0|Xl= HE — Ochratoxin AZ F
g ol 2] AT, 2 2 Al R4 W3l Table 13} 2
t}. Ochratoxin AS 5 mghkg o3t 279 AFH3le=
xRt 288 wA Jehdon 10 mgkg FA3 A
379 AFL 2FANAE Aoyt glovt A3FRAE HAH
3 @& Agg How 7hy Ao FAE 2E AS
Ve o

Abg AFFe] Bisl-w 27t o ochratoxin AS w2
o] ARFAg Avt 37 w459 ALE AH|F2 Table
13} 7o}, 2, ochratoxin AZ FoJ3lx] & YZFAA &=
AYYe] ANTFE F71819 21}, ochratoxin AE Fo
3 R3S ol vlE] AL A FH ko] ZolEQ T, £3)
ochratoxin A §39] F7}¢} A|7te] AHALTE AR 4H|
#2792 (p<0.05) 2.2 FZ433in.

ELISAE{0|| 2|8t olAel &7l A $83E = ochra-
toxin AS] ZIRST ZH4Y

23 ochratoxin AE h-¢-2of] AFFA £ 7H A%
2 galo A ochratoxin A9] HFFEEZARIA

¥ 3 =0l AF 3= ochratoxin A7} o= HE7HR] 35
HeAg A% A3 Table 294 o] @3 1 mlol| ochra-
toxin AZ 1, 10 2 50 ppbZ H7}3te] ELISAYS 8§35t
A 90~104%712) SEHe Aoz Jepton, vhes
o] A7) 7He A &8k} 22 W A5 ochratoxin A9
& 243} 7)o oA Z} ZAol ochratoxin AZ spiking 3+
A &%) 9} indirect competitive ELISAYE © 2 spikingA]
EZ ochratoxin A9} 3|F=&& Faich 1 A AR
N} 86~90%, tEA A= 98~107%F ol 7]E&

2 ot

Ochratoxin A
Experimentalgroup*

1 2 3 (Weeks)

Serme 1 ND ND ND
(ng/dD 2 ¥75+072 8.0+05 88+0.67
3 7.8+093 9.0+075 11.0+0.1Y

Kidney ND NS ND

9344721 122+11.13 520+ 7211
42+2.31 168+10.53 993+136.14

1
(ng/g) 2
3

Liver 1 ND ND ND
2
3

(ng/g) 216.7+6  253+64.29 1706+41.63
280+ 105 1153+ 50.33 3733446188

ND: Not detected

a) Mean S.E.

b) Significant at a=0.05 by Scheff test
*1: Ochratoxin A untreated (control)

2: 5 mg/kg ochratoxin A treated group
3: 10 mg/kg ochratoxin A treated group

HhHol wlsled o} 5 g 3|48 Bt

Aol ZHF3= ochratoxin AS] =& A|¥sH A}
Table 30 4] H= vhe} o] th =79 ¢ ochratoxin A7}
AEHA) gskor A3FAA = 2T H|gte g4 e}
Hom E3] kedneyw 25A 168 ng/goll H]Ele] 3FR=
993 ng/g 2 Wi-$- =A FEEAL, A E 354 3733 ng/
g0 2 7P w8 ochratoxin A7} HEE Qo HHAME
11 ppb7} AZE A} Ochratoxin A2l Fo{x L7} 21 5
a7izke] ATE RFEErt 24 Jekdon, "o, A%
2 ZF FoAE oA 7134 ochratoxin A7} HEF
t}. Ochratoxin AZ vl§-29] E7N Foi3iy o &7}
tatslo}  thAHEQ]  isoccumarin  acid9}  4-hydroxy-
ochratoxin A 18] thA}ERA] &= X ochratoxin A7}
.4 o 2 vl S ochratoxin AZ F T2 FHHE,
HAF, §25E, 987, oF 2 27 5 o8 T/ A
HEEAA 7 2o A FQ &4E Fo] FA A
A& oy 53, 743} AP Fo 27} 1 Fo 7]
Zbel A5 vlHEle SHFE vl$ =74 Jelgtth

INORETS

B ATE 19943 Fb7) BEASAY 3 wA%A e
905 o|Foigom, ofe] gA= YU,
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220

Aspergillus ochraceus ATCC 184125 Alwj=)o) ¥)%¢a}o] Tk ochratoxin A AAkate] vkl B Fog & 7 3
7} 2 830l A ochratoxin AS] RHFEEES 71E] WHECH A% F 80 AT ELISAYE S Bste], o Yo vkt
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