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Table 1 Samples used in the proficiency testing and their reproducibility

No of TEQ  Reproducibility
Y Sampl
ear Participants ampres {pg/e) RSD%
1998 6 BCR CRM607 spray-dried milk 3.3 6.6
1999 15 BCR CRM607 spray-dried milk 3.6 11
CARP-1 homogenized fish 79 8.0
Nonane solution of standards 23 8.7
2000 10 BCRRM534 spray-dried milk 4.6 18
Nonane solution of standards 16 9.0
2001 9 Seabass  freeze-dried 6.1 11
Spinach freeze-dried 0.32 31
2002 8 Grey mullet freeze-dried 7.3 7.1
ORGANOHALOGEN COMPOUNDS ~ Volume 66 (2004) 580
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Table 2 Results of proficiency testing in 2001 Sample: Sea bass

Analyte Normal statistics Robust statistics
max (pg/g) min (pg/g)imean (pe/s) SD (pa/p) RSD (%) Imean (pe/e) SD RSD (%

2,3,7,8OTCDD 0.31 0.18 0.24 0.05 15 024 0.05 22
1,2,3,7,8OFeCDD 1.08 0.70 (.84 0.13 15 0.84 0.13 16
1,2,3,4,7,8O0xCDD 028 0.12 0.18 0.05 28 0.17 0.04 25
1,2,3,6,7,8O0HxCDD 063 0.46 0.55 0.06 12 055 0.07 13
1,2,3,7.8,9O0xCDD 0.13 0.07 0.09 0.02 24 0.09 0.03 28
1,2,3,4,6,7.8O01pCDD 0.70 0.20 033 0.16 48 029 0.08 26
»hbece 18.50 0.37 2.85 6.33 222 0.67 0.25 38
2,3,7.80O0TCDF 1.93 1.27 1.50 0.22 15 149 0.22 15
1,2,3,7,800FeCDF 0.69 0.34 0.46 012 26 045 0.12 26
2,3,4.78)FeCDF 249 1.51 1.87 028 15 184 0.22 12
1,2,3,4,7 8(JRIxCDF 0.35 0.14 0.20 0.07 35 0.18 0.04 20
1,2,3,6,7,8O1xCDF 0.1% 0.14 0.17 ¢.02 141 017 0.03 16

1,2,3,7.8 SCIHxCDF 1.04 - - - - - - -
23,46, 7 8OKxCDF 033 0.26 0.30 0.03 g 0.30 0.03 10
1,2,3,4,6,7,8OHpCDF 0.57 0.06 0.19 017 92 0.14 0.06 45
1,2,3,4,7,8, 90¥pCDF 0.14 0.01 0.07 0.05 77 0.07 0.06 87
nhce 0.29 0.01 0.18 0.11 61 0.18 013 69
3,34 40TCB 755 43.7 53.7 5.8 18 52,48 8.02 15
3,44 50TCB 332 1.69 243 0.53 22 243 0.60 25
3,344 50PeCB 387 20.7 300 54 i8 30.0 6.0 20
3,3',4,4' 5,5 OJHxCB 146 9.4 11.2 18 16 11.10 1.7t 15
2,3,3 4 40pkeCB 1180 827 983 106 11 979 112 13
2,3,4,4'5 OPeCB 134.7 51.0 719 232 30 7.7 12,1 16
2,3'4,4' 50FeCB 3589 2741 3214 310 10 3214 351 11
2344 50FCB 739 332 474 12.5 26 46,1 11.0 24
23,3 4.4 5O5xCB 491 in 435 35 8 435 39 9
23,3 4,4 5OHxCB 140 97 114 14 12 1132 144 13
2,3'4,4'5,5OH=CB 246 205 221 16 7 221 18 8
2334455 0OHpCB 61.7 455 549 4.7 9 552 46 8
TEQ 6.90 5.19 5.19 0.60 10 6.19 0.68 11
ORGANOHALOGEN COMPOUNDS - Volume 66 (2004) 581
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Enzyme-Linked Immunosorbent Assay for
Monitoring Toxic Dioxin Congeners in Milk Based
on a Newly Generated Monoclonal Anti-Dioxin

Antibody
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Junichi Goto,5* Akira Kambegawa,' and Shinjiro Hori!
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To develop an enzyme-linked immunosorbent assay
(ELISA) for monitoring the toxicity due to polychlorinated
dibenzo-p-dicxins and dibenzofurans contaminated in
human breast milk, we have generated novel monoclonal
antibodies using some haptenic derivatives linked to bovine
serum albumin via the C-1 or C-2 position on the dioxin
skeleton. BALB/c or A/J mice were repeatedly immunized
with the immunogen, and spleen cells were fused with
P3/NS1/1-Agd-1 myeloma cells. After five fusion experi-
ments, a hybridoma clone was established that secretes
an antibody D9-36 group specifically recognizing the ma-
jor toxic congeners, 2,3,7,8-tetrachlorodibenzo-p-dioxin
(2,3,7,8-TCDD), 1,2,3,7,8-pentachlorodibenzo-p-dioxin,
and 2,3,4,7,8-pentachlorodibenzofran. An ELISA is devel-
oped on the basis of the competitive and labeled-antigen
format. The toxic congeners extracted from butter or milk
specimens by a novel extraction cartridge and a peroxi-
dase-labeled dioxin analogue were sequentially reacted
with a fixed amount of D9-36 in the presence of Triton
X-100. The bound fraction was captured on a microtiter
plate, immobilizing a second antibody, and the enzyme
activity was colorimetrically determined. This ELISA
afforded a practical sensitivity (measurable range, 1-100
pg/assay; detection limit, 1.0 pg/assay as 2,3,7,8-TCDD
equivalent). The assay values for milk and butter samples
were in reasonable accordance with the sum of the
toxicity-equivalent quantity of each congener, which had
been determined by a high-resolution gas chromatogra-
phy/high-resolution mass spectrometry method.
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Environmental chemical contaminants have been concerns of
the public and the government for many years. Particularly,
polychlorinated dibenzo-p-dioxins (PCDDs) and dibenzofurans
(PCDFs) are persistent pollutants because of their high lipophi-
licity that exhibit potential teratogenic, reproductive, immunotoxic,
and carcinogenic effects. Therefore, PCDDs and PCDFs (PCDD/
Fs) are the subject of surveillance by regulatory agencies. To
evaluate the toxicity to newborn children, it is particularly
important to monitor the trace amount of dioxins that may
contaminate human breast milk. Gas chromatography/mass
spectrometry (GC/MS) has conventionally been used as the
reference method of determining these compounds. This method
offers high sensitivity and specificity and has the potential for the
simultaneous determination of multiple isomers having very
similar structures. However, the GC/MS method requires com-
plicated and time-consuming sample cleanup procedures, resulting
in a poor performance of treating a number of samples. Further-
more, the equipment is available at relatively few research
institutes and requires well-trained operators. Any feasible and
quicker method which is therefore suitable for the routine analysis
of PCDD/Fs in all laboratories is in demand, particularly for large-
scale epidemiological studies or long-term monitoring.

Enzymelinked immunosorbent assay (ELISA) is expected to
be suitable for this purpose when the incorporated antibody shows
enough affinity and specificity to target dioxin congeners. Several
immunoassay procedures for PCDD/Fs have already been
reported;1-? however, most of them have required a large amount
of environmental samples because of insufficient sensitivity that

(1) Albro, P. W,; Luster, M. I; Chae, K.; Chaudhary, S. K; Clark, G.; Lawson,
L D Corbett, J. T;; McKinney, J. D. Toxicol. Appl. Pharmacol. 1879, 50,
137-145.

(2) Luster, M. 1; Albro, P. W.; Chae, K.; Lawson, L. D.; Corbett, J. T.; McKinney,
J. D. Anal. Chem, 1980, 52, 1497-1500,

(3) Kennel, 5. J; Jason, C.; Albro, P. W.; Mason, G.; Safe, S. H. Toxicol. Appl.
Pharmacol 1986, 82, 256-263.

(4) Stanker, L. H.; Watkins, B.; Rogers, N.; Vanderlaan, M. Toxicology 1987,
45, 229-243,

{5} Vanderlaan, M.; Stanker, L. H.; Watkins, B. E.; Petrovic, P.; Gorbach, S.
Environ. Toxicol. Chem. 1988, 7, 853~870.

(6} Harrison, R O.; Carlson, R E. Chemasphere 1997, 34, 915-928.

10.1021/ac0303620 CCC: $27.50 © 2004 American Chemical Society
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is attributed to lack of antibody affinity. We recently established
a practical ELISA system for PCDD/Fs using a rabbit polyclonal
antibody that is group-specific to some toxic dioxin congeners
{unpublished data). Medern immunoassays, however, require the
use of monoclonal antibodies, which are obtainable by hybridoma
technology.® These monoclonal antibodies can be constantly
supplied while maintaining well-defined and unique binding
properties and are consequently able to standardize assay per-
formance. From these points of view, we generated novel mono-
clonal antibodies, one of which was group-specific to the toxic
dioxin congeners, which enabled the development of an ELISA
system for monitoring the toxicity of dioxin contaminants in milk
and butter samples. This ELISA provided assay values that are in
good accordance with the toxicity-equivalent quantity (TEQ) of
PCDD/Fs, which had been determined by a high-resolution gas
chromatography/high-resolution mass spectrometry (HRGC/
HRMS) method.

MATERIALS AND METHODS

Reagents. 1,2,34-Tetrachlorodibenzo-p-dioxin was purchased
from AccuStandard (New Haven, CT). 2,7-Dichrolo-, 2,3,7-
trichrolo-, 1,3,6,8 tetrachloro-, 1,2,4,6,8-/1,2,4,7, 9-pentachloro-, and
1,2,3,4.6,7-hexachlorodibenzo-p-dioxins, polybrominated dibenzo-
p-dioxins/dibenzofrans, and polychlorinated biphenyls (PCBs)
were obtained from Cambridge Isotope Laboratories (Andover,
MA). All the other PCDD/Fs, including 2,3,7-trichloro-8-meth-
yldibenzo-p-dioxin (TMDD) and 2,2",4 4 tetrabromodiphenyl ether
(BDEA47), were purchased from Wellington Laboratories (Ontario,
Canada). Bovine serum albumin (BSA), horseradish peroxidase
(HRP; EC 1.11.1.7, type IV) (250-330 U/mg), and Triton X-100
were obtained from Sigma Chemical Co. (St Louis, MO). Freund's
complete adjuvant (FCA) and incomplete adjuvant (FIA) were
purchased from DIFCO (Detroit, MI). AffiniPure rabbit anti-mouse
IgG + IgM antibody (the second antibody in the following ELISA)
was obtained from Jackson ImmunoResearch (West Grove, PA).
Protein G Sepharose 4 Fast Flow Lab Packs were purchased from
Amersham Bicsciences (Piscataway, NJ). 96-Well EIA/RIA plates
(No. 3590) and plastic cell culture wares were obtained from
Costar (Cambridge, MA). Reagents for the cell culture, including
media, fetal bovine serum, hybridoma cloning factor (HCF), and
poly{ethylene glycol) (PEG) were previously described.!%12 Ben-
zene, CHCly (for PCB analysis), MeOH, EtOH, #-hexane (for
dioxin analysis}, and Presep phthalocyanine immobilized silica gel
cartridges (Presep cartridges) were purchased from Wako Pure
Chemical Industries {Osaka, Japan). All other reagents and
solvents were of analytical grade.

Haptenic Derivatives and Their BSA Conjugates. Five
kinds of dioxin haptens used for preparing the immunogenic
conjugates or enzyme-labeled antigens were those having a

(7) Sanborn, J. R; Gee, S. ].; Gilman, S. D.; Sugawara, Y. Jones, A. D.; Rogers,
J.: Szurdoki, F.; Stanker, L. H.; Stoutamire, D. W.; Harmmeck, B. D. J. Agric.
Food Chem. 1998, 46, 2407—2416.

(8) Sugawara, Y.; Gee, S. ]; Sanborn, J. R; Gilman, S. D.; Hammock, B. D.
Anal Chem. 1998, 70, 1092-1099.

(%) Shimomura, M.; Nomura, Y.; Lee, K. H.; Ikebukuro, K.; Karube, 1. Analyst
2001, 126, 12071209,

(10} Kihler, G.; Milstein, C. Nature 1975, 256, 495—497.

(11} Kobayashi, N.; Imazu, T; Ebisawa, A; Shimada, K. J. Stervid Biochem. Mol.
Biof. 1997, 63, 127-137.

(12) Kobayashi, N.; Oiwa, H.; Goto, J. J. Steroid Biochem. Mol. Biol. 1998, 64,
171177,
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Figure 1. Structures of haptenic derivatives of dioxin used for
antibody production and enzyme-labeling.

chemical linker on the C-1 (fa, Ib, I¢) or C-2 (Ila, IIb) position of
the dioxin skeleton™ (Figure 1). The synthesis of haptens Ib!,
Ic?, and IIb7 has already been reported. The BSA conjugates of
the haptens Ia, Ib, Ic, and Ila were prepared according to a
reported method.” The hapten/BSA molar ratios in the conjugates
were 11 (Ia), 16 (Ib), 11 {Ic), and 14 (IIa).

Buffers. The following were the buffers used: ‘buffer A, 0.05
M sedium phosphate buffer (pH 7.4); buffer B, buffer A containing
0.9% NaCl; and buffer C, buffer B containing 0.1% gelatin.

Preparation of Enzyme-Labeled Antigen. The N-succinim-
idyl ester of the dioxin hapten Ib, Ic, or IIb was synthesized
according to the reported method" and was reacted with HRP (4
mg) in 5 mM NaHCO; (200 ;L) at room temperature for 30 min.
The molar ratic of the activated ester to the enzyme in this reaction
was adjusted to 5. To remove the unreacted haptens, the reaction
mixture was submitted to gel filtration chromatography using
Sephadex G-25, and the effluent showing the HRP activity was
collected and stored at 4 °C for a few days. After the solution had
become cloudy due to the remaining unreacted dioxins, the
solution was centrifuged (1000g, 10 min), and the supernatant (1
ml) was washed three times with CHCl; (each 3 mL). After
centrifugation, the resulting aqueocus solution containing the
enzyme-labeled antigen was diluted with buffer B and stored at 4
°C until use.

Immunization, Female BALB/c and A/} mice (each 8 weeks
of age; 5 each) (Japan SLC; Hamamatsu, Japan) were immunized
at three-week intervals with one of the hapten-BSA conjugates.
The conjugate (50 pg) was subcutaneously injected with an
emulsion of FCA (primary immunization) or FIA (booster im-
munizations} and sterile saline (1:1; 0.2 mL) into the footpads and
at multiple sites on the back. Seven days after the fifth booster
injection, bload was collected from the retrobulbar plexus, and
the binding ability of the serum antibodies (diluted to 1:25 000)
(50 ¢e1) to the HRP-labeled dioxin {12.5 ng; 50 41) was determined
by the ELISA procedure (see below). The BSA conjugate (50 ug)
in sterile satine (0.5 mL) was intraperitoneally injected into three
BALB/c mice and two A/J mice that showed a high immune
response, from which spleen cells were prepared 3 days later.

Monoclonal Antibody Production. The cell fusion experi
ment was performed according to previous papers.!L12 Briefly, the
immune spleen cells (1 x 108 cells) and 1/5 numbers of P3/NS1/
1-Ag4-1 myeloma cells!® were fused with 0.4 g/mL PEG 4000 in

(13} Anjo, T; Gkuyama, M.; Satoh, M.; Kambegawa, A.; Matsuki, Y. Organo-
halogen Compd. 2000, 45, 224-227.

(14) Hosoda, H.; Sakai, Y.; Yoshida, H.; Miyairi, S.; Ishii, K; Nambara, T. Chem.
Pharm. Bull, 1979, 27, 742-746.
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a sterile phosphate-buffered saline containing 10% (v/v) DMS0
and 10 pg/mL poly-L-arginine-HC! solution (1 mL). The fused cells
were suspended in a HAT medium supplemented with 10% HCF
and cultured in 96-well cluster dishes (100 uL/well) overnight
under 5% CO./95% air at 37 °C. After further culture for ap-
proximately 2 weeks in HAT medium, the hybridoma supernatants
were submitted to screening by the ELISA described below, The
antibody-secreting hybridomas were expanded in HT medium,
cloned by limiting dilution, and were grown until confluence was
reached. These hybridomas were inoculated into pristane-treated
male BALB/c or BALB/c nude mice (8 weeks of age), and the
relevant monoclonal antibodies were prepared on a large scale
as ascitic fluids. The contained antibodies were purified using the
Protein G column, and were used in the following ELISA.
ELISA Procedure for Hybridoma Screening. A solution of
the second antibody diluted with buffer A (1.0 zg/mL; 100 ul)
was distributed into each well of the EIA/RIA plates, which were
left overnight at 4 °C, After washing twice with buffer B, the wells
were blocked with a 5 mg/mL BSA solution in buffer B (200 L)
at room temperature for 2 h. The wells were washed twice with
buffer B, to which the HRP-labeled hapten (20 ng/well) and the
culture supernatant (1:5 dilution), each of which had been diluted
with buffer C (each 50 uL), were then added. After incubation at
room temperature for 1 h, the solutions were aspirated off, and
the wells were washed three times with buffer B. The bound
enzyme activity was colorimetrically measured using a substrate
solution (100 zL) containing 0.05% o-phenylenediamine-2HCl and
0.01% H,0.. After incubation at room temperature for 1 h, the
enzyme reaction was terminated by the addition of 3 M H,S0,
{50 L), and the absorbance at 490 nm was measured using a BL
312e micreplate reader (Bio-Tek Instruments; Winooski, VT).
Cleanup Procedure of Milk and Butter Samples for
ELISA. A commercially available and ordinal butter or milk to
which a known amount of diexin {2,3,7,8TCDD, 1,2,3,7,8pen-
tachloredibenzo-pdioxin (1,2,3,7,8 PeCDD), or 2,3,4,7,8pentachlo-
rodibenzofuran (2,3,4,7,3PeCDF)] had been added was suspended
in 5-fold (milk) or 10Hold (butter) volumes of EtQOH, and saponified
with KOH (final KOH concentration, 1 M) at 30—40 °C over 2 h.
The resulting mixture was diluted with an equal volume of water
and extracted three times with s-hexane (10 mL each). The
organic layer was washed with HoSO, (1 mL per each round) until
the H;50, layer became clear. The organic solvent was evaporated
and the residue was dissolved in H,S0, (1 mL), which was left at
room temperature for more than 1 h. This mixture was extracted
with »-hexane (3 mL), and the organic layer was washed with 5%
NaHCO; and water (each 3 mL) and then applied to the Presep
cartridge. The cartridge was washed with #-hexane (3 mL) and

n-hexane/benzene (9:1) (1 mb), then eluted with s-hexane/

benzene (7:3) (1 mL). This solution was submitted to the ELISA
as shown below.

Optimized ELISA Procedure for Determination of Dioxins
in Milk and Butter Samples. Calibration curves were mainly
obtained by using 2,3,7,8 TCDD. In some experiments, a nontoxic
analog TMDD? was used as a “surrogate standard antigen,”
because this shows almost the same reactivity against the antibedy
D9-36 as 2,3,7,8TCDD. The standard solution (2,3,7.8$TCDD or
TMDD) (0—-12.5 ng/mL in MeQH) (100 ul) or the effluent

(15} Kéhler, G.; Howe, S, C.; Milstein, C. Eur. J. Immunol. 1976, 6, 292-295,
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containing dioxins recovered from the fat or milk (see above) (1
ml) was mixed with 0.05% Triton X-100 in MeOH {50 uL), and
the solvent was evaporated off. Buffer C containing the antibody
D936 (0.5 ng/assay; 125 ul} was added to the residue, mixed,
and left at room temperature for 30 min. An aliquot of the resulting
solution (50 L)y and buffer C containing the HRP-labeled hapten
Ic (20 ng/assay; 50 pL) were added to the second antibody-coated
microtiter plate prepared as above, mixed using a plate mixer,
and left overnight at 4 °C. The solution was then aspirated, and
the plate was washed three times with buffer B. The bound HRP
activity was measured as described above. Using the software
installed in the microplate reader, sigmoidal dose-response
curves were fitted to the following four-parameter logistic equation,

y={A-D)/[1+ /Oy +D

where A is the maximum absorbance at zero concentration, B is
the curve slope at the inflection point, € is the x analyte
concentration giving 50% inhibition, and I} is the minimum
absorbance (background signal) at infinite concentration,'6

HRGC/HRMS Analysis. HRGC/HRMS was carried out on
a Hewlett-Packard (Palo Alto, CA) 583CH! gas chromatograph
equipped with a Supelco 2331 column (60 m x 0.25 mm i.d)
combined with a JEQOL (Tokyo, Japan) JMS-700 mass spectrometer
(electron ionization) at a resolution R = 10 000 in the selected
ion monitoring mode, Details of the conditions were as follows:
(HRGC) column temperature program, 130 °C (2 min}, 130-200
*C (15 °C/min), 200—260 °C (3 °C/min), 260 °C (30 min); carrier
gas, He; column head pressure, 168 Kpa; injection temperature,
270 °C; injection volume, 2 uL (splitless): (HRMS) ion source
temperature, 270 °C; ionizing current, 600 xA; ionizing energy,
38 eV; and accelerating voltage, 10 KV.

Safety Considerations. As is well-known, some dioxin con-
geners are highly toxic and we should consider the probability
that any dioxin-related compound might be revealed to be toxic
in the future. On the basis of such recognition, all of the handling
of the dioxin-related compounds was performed in a draft chamber
by well-trained researchers who used extreme caution as listed
below. The researchers wore protective gloves, a laboratory coat,
safety glasses, and a protective mask containing a carbon powder
tayer. The laboratory glassware was decontaminated by treatment
with KPEG reagent {potassium poly{ethylene glycol)ate) at 150
°C for 12 h to remove chlorine atoms from the dioxin skeleton.
Any contaminated site on the laboratory bench was cleaned up
by a thorough wiping using wet cloths with an adequate organic
solvent (acetone, toluene, or methoxymethanol followed by UV
irradiation to degrade the dioxin-related compounds.1"18

RESULTS
Monoclonal Antibody Production, To enlarge the op-
portunity for obtaining antibody-secreting hybridomas, we im-

{16) Rodbard, D. In Ligand Assay; Langan, J., Clapp, J. J.. Eds.: Masson
Publishing: New Yeork, 1981; pp 45-99.

(17) Beck, H. In Human and Environmental Risks of Chlovinated Dioxins and
Related Compounds; Tucker, R. E., Young, A. L., Gray A. P., Eds.; Plenum
Press: New York, 1983; pp 691—697,

(18) Young, A L. In Human and Environmental Risks of Chlorinated Dioxins and
Related Compounds: Tucker, R E,, Young, A. L, Gray A. P, Eds.: Plenum
Press: New York, 1983; pp 667—674.
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Table 1. Cross-Reactivity of Monoclonal Antibodies
D2-37, D9-36, and D35-42 with Various PCDD/F
Congeners in the ELISA2

cross-reactivity

congener? D2-37  D9-36 D35-42  TEF
2378TCDD 1.00 1.00 1.00 1.0
1.2,3,7.8-PeCDD 0.19 048 0.96 1.0
1,24,6.8PeCDD 0.008
12,4,7.9-PeCDD 0.008
12,34,6,7-HxCDD 0.003
1,2,3,4,7,8HxCDD 0.10 0.07 00001 01
1,2,3,6,7.8HxCDD 0.07 0.04 00002 0.1
1,2,3,7.8,9-HxCDD 0.12 0.06 00014 01

1234678HxCDD 0.8 0.006 00001 001

1,2,34,6,7,89-0CDD 0.03 <0.0001  <0.0001  0.0001
2.3,7.8TCDF 0.16 0.14 00001 0.1
1,2,3,7,8PeCDF 0.08 0.03 0.0003 005
2,3,4,7.8PeCDF 0.16 017 00004 05
1.2,3,4,7,8HxCDF 0.06 002 00002 0.1
1,2,3,6,7.8HxCDF 0.13 0.08 0.0001 01
1.2,3,7,8,9HxCDF 0.05 007 0.002 0.1
2,34,6,7,8HxCDF 0.07 0.06 00001 01

1,2,3.4,6,7.8HpCDF 0.04 0.002 00001 001
1.2,34,7,89HpCDF 0.03 0.002 00001 001
1,2,3,4,6,7.89-0CDF 0.02 <0.0001 00001  0.0001

2,7-DiCDD 0.05

237 TrCDD 0.16
1.2.3.4TCDD <0.001 00002  =<0.001
13,6, 8TCDD 0.0004

TMDD 0.74 0.87 0.61

2 ELISA conditions are described in Figure 3. % Abbreviations:
DiCDD, dichlorodibenze-p-dioxin; TrCDD, trichloredibenzo-p-dioxin;
HxCDD, hexachlorodibenzo-p-dioxin; HpCDD, heptachlorodibenzo-g-
dioxin; OCDD, octachlorodibenzo-p-dioxin; HxCDF, hexachlorodiben-
ﬁ)furan: HpCDF, heptachloredibenzofuran; OCDF, octachlorodibenzo-

ran.

munized five BALB/c¢ mice that are the commonest spleen donors
in cell fusion and also five A/] mice using one of four kinds of
haptens (Ia, Ib, Ic, and I1a) (Figure 1) conjugated with BSA. Thus,
a total of forty mice, each of which was numbered, were im-
munized. The A/J mouse strain was selected here because it often
shows a better immune response than the BALB/c strain against
some lipophilic small molecules, such as steroids (e.g., the active
form of vitamin D;!Y). The haptens used here are the derivatives
of 2,3,7,8TCDD having a chemical bridge at the C-1 or C-2 position
on the dioxin skeleton. The relationship between the number of
mice and the strain/immunogen used is summarized in Figure
2. After the fifth booster immunization, small amounts of serum
were collected from all these mice, and the titer of the anti-dioxin
antibody was compared in the ELISA using the HRP-labeled
hapten 1b, Ic, or IIb. The selection of these three HRP-labeled
antigens was intended to avoid a false negative due to the
inadequate combination of the haptenic derivatives used for
immunization and enzyme labeling.” In site heterologous com-
hination, for example, the combination such as an antibody derived
from the hapten Ia and the enzyme-labeled antigen prepared with
the hapten Ila, the anti-hapten antibody sometimes recognizes the
difference in the position of the bridge and consequently does
not show enough binding to the labeled antigen.

The sera affording significant positive signals (from mice nos.
2,7,9,10, 14, 17, 18, 21, 26, 29, and 35) (Figure 2) were further

{19) Hosoda, H,; Yoshida, H.; Sakai, Y.; Miyair, S.; Nambara, T. Chem. Pharm.
Bull 1980, 28, 3035-3040.

assessed for their affinity to dioxins by comparing the inhibition
of the bound enzyme activity when fixed amounts (1, 10, and 100
pg) of TMDD were added (data not shown; the cross-reactivity
of TMDD to the antibodies, see Table 1). On the basis of these
results, mice nos. 2, 9, 14 (the BALB/c mice immunized with the
hapten Ia, Ib, and Ic, respectively), 26, and 35 (A/] mice
immunized with the hapten Ic and Ila) were selected as spleen
donors. Five fusion experiments were performed using the spleen
cells prepared from each of these mice. About 10 days after the
cell fusion, hybridomas were observed in over 95% of the
microwells. The ELISA screening of the anti-dioxin antibody-
secreting hybridomas and subsequent cloning by limited dilution
allowed establishing three hybridoma clones, D2-37, D9-36, and
D3542. Antibodies D2-37 and D9-36 were each derived from the
BALB/c mouse no. 2 {immunized with the hapten Ia) and the
BALB/c mouse no. 9 (immunized with the hapten Ib), respec-
tively; and D3542 was from the A/] mouse no. 35 (immunized
with the hapten Ic). These monoclonal antibodies were prepared
as ascitic fluids, purified using the protein G column, and used in
the following ELISA

Characterization of Monoclonal Antibodies and Optimiza-
tion of ELISA Conditions. The isotypes of the heavy and light
chains of each monoclonal antibody were as follows: D2-37 (y2a,
), D935 (1, &}, and D3542 {y2a, «). The binding characteristics
of these antibodies were investigated by the competitive ELISA
system using the HRP-labeled hapten Ic that showed satisfactory
reactivity against all these antibodies. Because of the very strong
hydrophobicity of the dioxins, we predicted that a suitable

_solubilizing agent (carrier proteins, detergents, or organic sol-

vents) must be contained in the assay buffer. After several
examinations {data not shown), we found that Triton X-100 works
effectively for this purpose. Tween 20 and poly (viny] alcohol) were
also tested but were much less effective. A defined amount of
Triton X-100 was added to the solution of the standard compounds
or the extract fat or milk, and then the solvent was evaporated.
The resulting residue [the mixture of dioxin(s) and Triton X-100]
was dissolved in the assay buffer containing the monoclonal
anttbody. This procedure had to be done in a glass tube (not
plastic tube or plate), and was important in order to increase the
immunoreactivity of the dioxin(s} in the agueous buffer.

To compare the assay sensitivity obtainable using each
antibody, dose—response curves were constructed for 2,3,7.8
TCDD in combinations with the HRP-labeled hapten Ic (Figure
3). These assays have been done in the assay buffer containing
0.01% (v/v) Triton X-100 as the final concentration {the procedure
for adding Triton X-100 is as described above). The optimum
dilution rate of the antibody was arbitrarily determined as the
dilution ratio affording the By enzyme activity corresponding to
0.6—0.8 absorption units by a 1-h enzyme reaction. Although every
antibody afferded a dose—response curve having an acceptable
sensitivity, the curves of D2-37 and D9-36 were obviously more
sensitive than D3542.

We separately confirmed that the final concentration of Triton
X-100 employed above (0.01%) is optimum by comparing the
dose—response curves obtained at various concentrations of this
detergent (Figure 4). In these experiments, antibody D9-36 was
used employing TMDD as the competitor instead of 2,3,7,8TCDD
because TMDD provided dose—response curves almost equal to
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Figure 3. Dose—response curves for 2,3,7,8-TCDD in the ELISA
systems using the monoclonal antibody D2-37 (4.0 ng/assay), D9-
36 (0.4 ng/assay), or D35-42 (4.0 ngfassay) in combination with the
enzyme-labeled hapten lc (20 ng/assay) at a final Triton X-100
concentration of 0.01%.

those obtained with 2,3,7,8TCDD for antibody D936 (cross
reactivity of TMDD, 0.87; see Table 1}. Therefore, this much less
toxic congener is available as the standard compound instead of
2,3,7.8TCDD, if necessary. Figure 4 also shows that the addition
of Triton X-100 clearly increased the assay sensitivity and that
the optimum concentration is 0.01%.

The crossreactivity with various congeners of PCDD/F was
then determined by the 50% displacement method?® with a
modification (Table 1), making it convenient to compare it with
the toxicity-equivalent factor (TEF). TEF is defined to be the
relative toxicity of a congener where the toxicity of 2,3,7,8TCDD
is taken to be 1.0, and TEQ is defined as the mass of a congener
multiplied by TEF.2'2 Namely, the crossreactivity with each
congener was expressed as the reciprocal of the ratio of its amount
that is required for 50% displacement of the bound enzyme activity
(midpoint), where the midpoint of 2,3,7,8 TCDD was taken to be
1.00 (e.g., the crossreactivity value of 0.50 means that the
congener required twice the amount as 2,3,7,3TCDD}. To
establish an ELISA system for monitoring the sum of the toxicity
of dioxins-in breast milk, the antibody should possess a cross-
reaction profile that is similar to the profile of TEF, particularly
for the following major congeners detected in milk: 2,3,7,8TCDD,
1,2,3,7,8PeCDD, and 2,3,4,7,8-PeCDF. Antibody D2-37 exhibited
a poor cross-reactivity (0.19) with 1,2,3,7,8-PeCDD, although this
congener exhibits toxicity equal to that of 2,3,7,8 TCDD. Antibody

(20) Abraham, G. E. J. Clin. Endocrinol. Metab. 1969, 29, 866—870.

(21) WHO fact sheet no. 225, June, 1999,

(22) Van den Berg, M; Peterson, R, E.; Schrenk, D. Food Addit. Contam. 2000,
17, 347-358.
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Figure 4. Effect of final concentration of Triton X-100 added to the
assay medium on the assay sensitivity. ELISA was performed using
the antibody D9-36 (1.0 ng/assay) in combination with the enzyme-
labeled hapten Ic (20 ng/assay} at various concentrations of Triton
X-100 [0, 0.005, 0.01, 0.02, 0.03, 0.04, or 0.05% (vA)].

D3542 reacted with neither 2,3,7 8-tetrachlorodibenzofuran (2,3,7.%
TCDF) nor 2,3,4,7,8-PeCDF, both showing a considerable toxicity
(TEF 0.1 and 0.5), although the cross-reactivity with 1,2,3,7.8
PeCDD was quite favorable. On the other hand, antibody D9-36
had a practically acceptable recognition pattern for these conge-
ners, as shown by the crossreactivity with 2,3,7,8TCDF (0.14),
1,2,3,7,8PeCDD (0.48) and 2,3,4,7,8-PeCDF (0.17). The relation-
ship between the cross-reactivity of this antibody and TEF is
schematically illustrated in Figure 5. The crossréactivity of D9-
36 with various derivatives of polychlorinated biphenyl (PCB),
polybrominated dibenzo-p-dioxins and dibenzofrans, and BDE47
(the polybrominated flame retardant which is most abundant in
the environment) was also determined and found to be almost
negligible, being in good correlation with the TEF values of these
compounds (Table 2).

On the basis of these results, we choose antibody D9-36 for
developing the ELISA system in combination with the HRP-labeled
hapten Ic, This is a bridge heterologous system!® becanse D9-36
is derived from the hapten Ib.

A typical dose~response curve for 2,3,7,8TCDD obtained
using the purified antibody D936 that covered the 1-100 pg/
assay is shown in Figure 6. The midpoint was 15 pg/assay, and
the detection limit was determined to be 25D below the average
By {» = 10} was 1.0 pg/assay.

Application of ELISA to Milk and Butter Samples. The
direct measurement of the dioxins in biological specimens
containing considerable amounts of lipids, not only breast milk
but also blood specimens, is almost impossible for immunoassays.
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Figure 5. Schematic representation of the relationship between
TEQ and the cross-reactivity of the monoclonal antibody D2-37, D9-
36, or D35-42 for various dioxin congeners. Cross-reactivity was
determined in the ELISA system using the enzyme-labeled hapten
lc (20 ngfassay) at a final Triton X-100 concentration of 0.01%.
Abbreviations: HxCDD, hexachlorcdibenzo-p-dioxin; HpCDD, hep-
tachlorodibenzo-p-dioxin; OCDD, octachiorodibenzo-p-dioxin; HxCDF,
hexachlorodibenzofuran; HpCDF, heptachlorodibenzofuran; OCDF,
octachlorodibenzofuran.

Because dioxins are highly lipophilic compounds, it is essential
to separate these compounds from the lipids that are abundant
in these bedy fluids. Unless this has been achieved, accompanying
lipids would interact with the dioxins by a strong hydrophobic
attraction to make a kind of complex and consequently prohibit
the dioxins from being captured by the hydrophilic antibody
molecules,

Taking into account these difficulties and our goal, that is, the
development of an ELISA system for the monitoring of the dioxin-
contamination in human breast milk, we investigated a new
cleanup procedure that is applicable to the lipid-abundant biologi-
cal samples. To evaluate the efficiency of removing interfering
lipids, we used the milk and butter samples, to which a known
amount of toxic PCDD/F congeners (2,3,7,8TCDD, 1,23,7,%
PeCDD, or 2,3,4,7,8PeCDF) had been added. Initially, these
samples were submitted to saponification with potassium hydrox-
ide, followed by the extraction of the dioxins with #-hexane. After
a thorough washing with sulfuric acid, the n-hexane layer was
further submitted to solid-phase extraction using the Presep
cartridge which allows efficient isolation of the dioxins. As
described above, the addition of Triton X-100 to the effluent from
the cartridge was essential to afford the reasonable immunore-
activity of the recovered dioxins. The analytical recovery rates
{mean + SD) of 2,3,7,8TCDD, 1,2,3,7,8-PeCDD, and 2,3,4,7,8
PeCDF were 64 £ 3.7, 75 &£ 6.7, and 85 + 8.2, respectively.
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Table 2. Cross-Reactivity of Monoclonal Antibody
D9-36 with Various PBDD/F Congeners and PBCs in the

ELISA"

congener? cross-reactivity TEF
2,3,7.5TBDD 0.39
1,2,3,7.8PeBDD 0.04
1,2,3,6,7.8HxBDD 0.003
1,2,3.4,6,7.8,90BDD 0.0007
2347 TBDF 0.16
234.7.3PeBDF 0.11
3.3 44~TCB (PCB-7T) 0.0008 0.0001
34,45 TCB (PCB-81) 0.0009 0.0001
233,44 PeCB (PCB-105) <(.0001 0.0001
23445 PeCB (PCB-114) <(.0001 0.0005
23’445 PeCB (PCB-118) <(1.0001 0.0001
2,344,5 PeCB (PCB-123) <0.0001 0.0001
3344 ,5PeCB (PCB-126) 0.0005 0.1
23344 ,5HxCB (PCB-156) <0.0001 0.0005
23,3 4.4.5-HxCB (PCB-157) <0.0001 0.0005
234,455 HxCB (PCB-167) <0.0001 0.00001
3.3°4.4°,5,5-HxCB (PCB-169) <0.0001 0.01
2,2.3,3 4.4 .5HpCB (PCB-170) <0.0001
2234455 HpCB (PCB-180) <(.0001
23.34.4°,5,5-HpCB (PCB-189) <0.0001 0.0001
2.2’ 4 4“TBDE (BDEA4T) <0.0001

o ELISA conditions are described in Figure 3. * Abbreviations:
TBDD, tetrabromodibenzo-p-dioxin; PeBDD, pentabromodibenzo-p-
dioxin; HxBDD, hexabromodibenzo-p-dioxin; HpCDD, heptabromod-
ibenzo-p-dioxin; OBDF, octabromodibenzo-p-dioxin; TBDF, tetrabro-
modibenzofuran; PeBDF, pentabromodibenzofuran; TCB, tetrachlorobi-
phenyl; PeCB, pentachlerobiphenyl; HxCB, hexachlorobiphenyl; HpCB,
heptachlorobipheny!; TBDE, tetrabromoediphenyl! ether,

100

B8/8; (%}

o i . A hemdd b daail
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Figure 6. Typical dose—response curve for 2,3,7,8-TCDD in the
optimized ELISA system using the monoclonal antibody D9-36 {0.50
ng/assay} in combination with the enzyme-abeled hapten e (20 ng/
assay) at a final Triton X-100 concentration of 0.01%. Vertical bars
denota SD of quintuplicate measurements.

The milk and butter samples containing the various amounts
of the dioxin(s) were then extracted by this procedure and
submitted to the ELISA. These assay values {2,3,7,8&TCDD
equivalent in picograms) were in good correlation (¥ = 0.4182X
+ 3.5687, r = 0.9043) with the sum of the TEQ (pg) of these
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Table 3. Determination of Toxic TCDD/F Congeners
Contained in Butter Samples after Purification with
the Present Cleanup Method and Serial Dilution

2.3,7.8TCDD equivalent®

butter fat amount
samples {g/assay)* pg/assay pe/g fat

1 0.2 4.01 201
04 7.50 18.8
0.6 10.7 17.8
2 0.2 361 18.1
04 7.11 17.8
0.6 10.1 16.8
3 0.2 3.66 18.3
0.4 6.79 17.0
0.6 9.87 16.5

a Butter samples containing a known amount of 2,3,7,8TCDD were
prepared and purified in triplicate {for samples 1, 2, and 3} as follows:
an ordinal butter (3.0 ) to which 2,3,7,.&TCDD (75 pg) had been added
was saponified and extracted with the Presep cartridge according to
the procedure described in the Experimental Section. * Aliquots of the
effluent from the cartrid?e (0.25, 0.50, and 0.75 mL out from the initial
1.5 mL effluent) [each of which finally corresponds to 0.2, 0.4, and 0.6
g fat (extracted)/assay] were taken separately and mixed with 0.05%
Triton X-100 in MeOH (50 uL). After the solvent was evaporated off,
the resulting residue was submitted to the ELISA, as described in the
Experimental Section,

0 20 40 60
HRGC/HRMS (pg: TEQ)

Figure 7. Correlation between the assay values (2,3,7,8-TCDD
equivalent) obtained by the ELISA and the values (TEQ) obtained
by the HRGCMHRMS method for milk or butter samples to which
various amounts of toxic PCDD/F congener(s) were added as
follows: milk, 10 mL ot ordinal mik + 2,3,7,8-TCDD, t,2,3,7,8-
PeCDD, and 2,3,4,7,8-PeCDF (each 3¢ pg) (TEQ, 7.5 pg/mL); butter-
0, ardina! butter only (TEQ, 0 pg/g); butter-1, the butter 1 g + 2,3,7,8-
TCDD (10 pg} {TEQ, 10 pg/g); butter-2, the butter 1 g + 2,3,7,8-
TCDD (30 pg) (TEQ, 30 pg/g); butter-3, the butter 1 g + 2,3,7,8-
TCDD, 1,2,3,7,8-PeCDD, and 2,3,4,7,8-PeCDF (each 10 pg) (TEQ,
25 pg/q); butter-4, the butter 1 g + 2,3,7,8-TCDD, 1,2,3,7,8-PeCOD,
and 2,3,4,7,8-PeCDF (each 30 pg)} {TEQ, 75 po/g).

congeners that had been separately determined by the HRGC/
HRMS (Figure 7). Thus, the ELISA values are consistently ~40%
of the TEQ values, results which are reasonable when one takes
into account the imperfect coincidence between the crossreactivity
of the antibody D39-36 and the TEQ of the three kinds of dioxins
(see Figure 5). Satisfactory parallelism was observed for the butter
samples between the assay values and the amount of fat extract
used in the assay (Table 3), indicating that the interfering
materials have practically been removed. Mean analytical recovery
rates of the three butter samples (1, 2, 3; Table 3} were 76, 70,
and 69%, respectively.

DISCUSSION
Since Albro and co-workers reported the first immunoassay

for dioxins using a polyclonal antibody and a 'ZHabeled dioxin
analogue,! considerable effort has been made to develop a practical
dioxin immunoassay system. However, two kinds of problems
have been mainly hampering the need to establish a suitable assay
system providing enough sensitivity and specificity, One of these
problems is the difficulty in producing a practical antibody that
group-specifically recognizes the limited kinds of toxic congeners
from a family of PCDD/Fs that are composed of 75 kinds of
congeners having very similar structures. Another problem has
arisen from the highly hydrophobic nature of the dioxins. Because

immuncassays rely on the antigen—antibody reaction that pro-
ceeds in aqueous media, we have to dissclve the hydrophebic
dioxin molecules in the media and preserve their reactivity against
the antibody. When an enzyme-aided immunoassay system
({containing ELISA) is preferable, such difficulty even increases,
because a large difference in the solubility between the highly
lipophilic free dioxins and the dioxins labeled with a hydrophilic
enzyme will prohibit a desirable competitive reaction against an
anti-dioxin antibody.

Recently, Sugawara et al. succeeded in developing an ELISA
system that is applicable to biological samples that uses a rabbit
polyclonal antibedy elicited against a hapten—carrier conjugate
in which 2,3,7,8TCDD had been linked to BSA via the 2-position.$
This success would be due to the somewhat unusual nature of
the antibody used in the assay: namely, the antibody maintained
the antigen-binding ability even in an assay medium containing
up to 37.5% dimethyl sulfoxide, which worked as a powerful solubil-
izing agent. This ELISA provided a much higher sensitivity (the
midpoint was 12 pg/assay) than those of the previous dioxin im-
munoassays. It should also be considered that the ELISA system
employed the competitive reaction based on the antigen-coated
format (and using an enzyme-labeled second antibody as a detec-
tor) that could avoid the problem due to the difference in solubility
between the labeled and urlabeled haptens mentioned above.

The use of monoclonal antibodies, however, should be desir-
able, because these antibodies can be constantly supplied by
maintaining a well-defined and unique binding property and
consequently enable an assay standardization. Although a few
attempts have been made to generate monoclonal antidioxin
antibodies, no one showing practical affinity and specificity to
dioxin congeners has been reported so far. The most successful
assay based on a monoclenal antibody would be the one reported
by Harrison and Carlson.S They used a monoclonal antibody
showing a practical specificity that had been elicited by Stanker
et al.t The detection limit of this assay (reported to be 25 pg/
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well}, however, did not reach a “sub-parts-per-trillion sensitivity”
that is required for analysis of dioxins in body fluids.

Taking advantage of the previous experience for producing
some monoclonal antibodies against such hydrophobic small
molecules as steroids or vitamin D metabolites,11128.24-2% we
arranged a systematic immunization schedule combining twe
strains of mice and four haptenic derivatives in order to enhance
the chance of obtaining a suitable spleen donor showing a stronger
humoral response against dioxins. This strategy afforded several
candidates as the donor, which allowed us five times the cell fusion
experiments, after which we finally succeeded in establishing a
hybridoma cell line secreting an antibody D9-36 having a practical
recognition profile. Another important factor that led us to the
present ELISA system was the use of Triton X-100 for solubilizing
dioxins, the usefulness of which has previously been suggested, 15
The phenyl group in this detergent might have been a crucial
factor for dissolving the dioxins (by forming a somewhat “loose”
complex) and further let dioxins be immunoreactive in the
aqueous solution. In the presence of the optimized amount of this
detergent, excellent assay sensitivity [the midpoint, 15 pg/assay
and the detection limit, 1.0 pg (corresponding to 3.1 fmol) per
assay for 2,3,7,6 TCDD] was achieved. This sensitivity is compa-
rable to that of the assay reported by Sugawara et al.8 (see above)
and much higher than the previous dioxin immunoassays using
monoclonal antibodies. This successful high sensitivity, however,
should be due to not only the effective solubilization of the target
hapten but also a sufficient binding affinity of the antibody D9-36
to these congeners. Although we have not determined the Ka
value of the antibody to 2,3,7,8TCDD because of the unavailability
of the corresponding radio-labeled compound, we expect that the
value would be in the range of ~10° to 1010 (M-Y} taking into
account our previous studies.il122324.%

It should also be emphasized that the present ELISA is the
successful “labeled-antigen format™ providing femtomole-range
sensitivity that should be difficult to apply to such a hydrophobic
target molecule as dioxins. To achieve the maximum sensitivity
in this format, the very careful preparation of enzyme-labeled
hapten is essential. Namely, in addition to the common consid-
eration of the hapten/enzyme molar ratio®” and combination of
haptens used in the labeling and antibody production,®# exhaus-
tive removal of unreacted hapten-related molecules is required.
The usual dialysis or gel chromatography is not effective enough
for such hydrophobic haptens (see Experimental Section), be-
cause the unreacted haptens are noncovalently adsorbed on
hydrophobic portions in enzyme molecules by a strong hydro-
phobic interaction and comigrate with the desirable enzyme-
fabeled haptens. We found that washing of the labeling reaction
mixture with chloroform effectively removed the excess free
dioxins with negligible loss of the enzyme activity {HRP activity

(23) Hosoda, H.; Kobayashi, N; Tamura, S.; Mitsurma, M.; Sawada, J.; Terao, T.;
Nambara, T. Chem. Pharm. Bull 1986, 34, 2914—2918.

(24) Kobayashi, N.; Hisada, A.; Shimada, K. J. Stercid Biochem. Mol Biol 1994,
48, 567572,

(25) Kobayashi, N; Katayama, H.; Nagata, M.; Gote, ). Anal. Sci. 2000, 16,
1133-1138.

(26) Kobayashi, N.; Sun, P.; Fujimaki, Y.; Niwa, T.; Nishie, T.; Goto, J.; Hosoda,
H. Anai. Sei. 2002, 18, 1309-1314.

(27) Hosoda, H.; Takasaki, W; Tsukamoto, R; Nambara, T. Chem. Pharm. Bull.
1987, 35, 3336—3342.

(28) Hosoda, H.; Kobayashi, N.; Ishii, N; Nambara, T. Chem. Phasm. Bull. 1986,
34, 2105-2111.
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after the treatment, 85 + 3.7% (1 = 6) of the initial activity]. This
simple procedure should be widely applicable to a workup in the
enzyme labeling of various hydrophobic haptens and helpful for
improving assay sensitivity. A systematic study of this procedure
will be reported elsewhere. One more important factor for
obtaining a high sensitivity is the use of the purified monoclonal
antibody. When the culture supernatant was used as the source
of the antibody, much less sensitivity was obtained. Some
components in the supernatant, for example, BSA derived from
fetal calf serum supplied to the culture medium, might have
become bound to the dioxins with a significant affinity (probably
by hydrophobic interactions) and, consequently, might have
decreased their reactivity against the antibodies.

We also established a new cleanup procedure that is essential
for avoiding the problem inherent in the hydrophobic dioxins
{mentioned above). To achieve this, the dioxins in biological fluids
must be thoroughly separated from the accompanying lipids before
the reaction with antibodies. Even aiter saponification of the sam-
ples, a trace amount of interfering lipids would be extracted to-
gether with dioxins, forming a kind of complex by hydrophobic
interaction and, consequently, prohibit the access of antibodies.
The usual normal-phase and reversed-phase chromatographies
were not effective enough for removing such interferences. Fortun-
ately, we found that the Presep cartridge is suitable for separating
aromatic dioxin-related compounds from such an interference.
Further optimization is now ongoing in our laboratories to improve
the analytical recovery of all the target congeners. Affinity
chromatography using a solid-phase immobilizing of the present
antibody would be another promising way for isolating the dioxins
from the lipids, because this method is based on a very specific
molecular recognition toward the target compounds.

As shown in Figure 7, the present ELISA provides the assay
values as the 2,3,7,8 TCDD equivalent that corresponds to ~40%
of the total TEQ values of the important toxic congeners, 2,3,7,8
TCDD, 1,2,3,7,8PeCDD, and 2,3,4,7,8P=CDF. Although a new
antibody showing perfect group-specificity to these congeners
would afford almost the same values as the sum of the TEQ and
would be even preferable, a satisfactorily good correlation (r =
0.9043; Figure 7) allows us to evaluate the present ELISA to be
useful enough for routine surveillance of dioxin contamination.
Very recently, we found that an improved enzyme-labeled antigen,
in which the 3-hydrogen (instead of chlorine atom) analogue of
the hapten Ic {which is expected to be less toxic than compound
[c itself} is linked to HRP, is also available in the ELISA system
without altering the assay performance described so far,

In conclusion, the present “monoclonal ELISA” for dioxins is
selective, has a sufficient sensitivity, is feasible, and consequently,
does not require skillful operation or an expensive facility. This
assay system will be particularly useful for the first screening of
a number of breast milk specimens prior to the second examina-
tion for each congener by HRGC/HRMS.
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