
JOURNAL OF 
CHROMATOGRAPHY A 

ELSEVIER Journal of Chromatography A, 680 (1994) 587-591 

Analysis of structural specificity in antibody-antigen reactions 
by capillary electrophoresis with laser-induced fluorescence 

detection 

Ramon A. Evangelista*, Fu-Tai A. Chen 
Advanced Technology Center, Beckman Instruments Inc., 2500 Harbor Boulevard, Fullerton, CA 92634, USA 

Abstract 

A rapid and simple procedure for screening antibodies for binding to an antigen is proposed. A fluorescent 
hapten-dye conjugate was prepared by labeling the amino moiety of the hapten with a commercially available 
reactive cyanine dye, Cy5 (excitation maximum: 650 nm, emission maximum: 670 nm). A fixed amount of the 
CyS-hapten was titrated with serial dilution of the antibody. Each of the titration mixture was analyzed by capillary 
electrophoresis (25 cm x 20 pm column) monitored by laser-induced fluorescence (laser: 10 mW helium-neon, 
632.8 nm). Free and antibody-bound CyS-hapten were analyzed simultaneously on the electropherogram. 
Competitive immunoassay of hapten was demonstrated with low-end sensitivity of 5 * lo-* M, about 10X more 
sensitive than the present drug screening methods. Using morphine as an example, the screening of various 
antibodies (from different vendors) and cross-reactivity of morphine analogues using the present procedure will be 
discussed. 

1. Introduction 

Screening of urine samples for presence of 
drugs of abuse and their metabolites is routinely 
performed in toxicology laboratories in cases 
pertaining to crime, accidents, rehabilitation and 
increasingly as a prerequisite to employment. 
The National Institute on Drug Abuse has estab- 
lished guidelines for detecting and reporting five 
drug classes: amphetamine/methamphetamine, 
cannabinoids, cocaine, morphine/codeine and 
phencyclidine [ 11. 

The most common analytical techniques cur- 
rently used are TLC, GC-MS and immunoassays 
[2,3]. TLC uses only low-cost equipment but is 
labor-intensive, requires high skill and ex- 
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perience and is subject to misinterpretation by 
the person viewing the color of the sprayed 
spots. Current commercial immunoassays offer 
rapid quantitation, high specificity and sensitivity 

but reagent costs are high because enzyme-anti- 
body or enzyme-drug conjugates are employed. 
The results of GC-MS analysis are considered 
confirmatory but the equipment is expensive and 
requires great expertise. 

The analyte we selected as an example, mor- 
phine, is the major metabolite of heroin and 
codeine and is excreted in the urine either in the 
free form or conjugated as the glucuronide. The 
sensitivity of the assay for morphine can be 
increased by hydrolysis of the glucuronide either 
by acid treatment or by the action of p- 
glucuronidase [3]. 

We report here the use of capillary electro- 
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phoresis (CE) with laser-induced fluorescence 
(LIF) detection as a tool for screening of anti- 
bodies for binding to a particular antigen and for 
the study of cross-reactivity of an antibody 
towards compounds of similar structures and we 
describe the immunochemical analysis of mor- 
phine by CE-LIF. This method exploits the high 
affinity and specificity of antibody-antigen bind- 
ing, the great resolving capability of CE and the 
sensitivity of LIF. Previous reports have dealt 
with the use of CE for study of immunochemical 
reactions [4-61. 

Our selected fluorophore, Cy5, a cyanine dye 
[7-91 has a high extinction coefficient (215 000 
M-’ cm-’ at 650 nm,), good quantum yield 
(0.28 for protein conjugates), absorption and 
emission in the long wavelength visible region 
which do not overlap with those of other fluores- 
cent compounds, good water solubility and 
photostability. These properties allow detection 
of lo-lo M of this label in spite of the small 
window of our narrow (20 pm) fused silica 
capillary with excitation by a low-cost, stable, 
long-lived 10 mW 632.8 nm helium-neon laser. 

2. Experimental 

The fluorescent morphine-Cy5 conjugate was 
prepared by the reaction between normorphine 
and Cy5 reactive dye (Biological Detection Sys- 
tems, Pittsburgh, PA, USA) in hydrogencarbon- 
ate buffer pH 8. The principal product was 
purified by reversed-phase HPLC through a 
Poros II R/H 4.6/100 P002H026 246 column 
(Perseptive Biosystems, Cambridge MA, USA) 
using a linear gradient of 0.01 M phosphate 
buffer pH 7.0 and methanol as eluting solvent. 
The fluorescent drug conjugate was chromato- 
graphed three times with concentration of the 
HPLC eluent using the Speed Vat Concentrator 
between each purification step. The methanol 
gradient was from 30 to 80% in 8 min in the first 
two purifications and from 40 to 65% in 7 min in 
the third. The concentration of the morphine- 
Cy5 conjugate was determined from its extinc- 
tion coefficient (215000 M-' cm-‘) at 650 nm. 

The conjugate was stored at -20°C in the HPLC 
aqueous methanol eluent. 

CE-LIF analyses were performed using the 
Beckman P/ACE System 2100 (Fullerton, CA, 
USA) with a fused-silica capillary (25 cm X 20 
pm) at 20 kv, 20-s injection, using a separation 
buffer composed of 90% 100 mM borate pH 10.2 
and 10% ethylene glycol. Detection was 
achieved with the Beckman LIF detector module 
with a 10 mW 632.8-nm helium-neon laser 
(Melles Griot, Irvine, CA, USA) as excitation 
source and a 665-nm emission filter (Barr As- 
sociates, Westford, MA, USA). 

Stock solutions of the morphine-Cy5, the 
antibodies and the morphine calibrators were 
dissolved in the Beckman ICS diluent containing 
500 pg/ml human IgG. The CE samples for the 
antibody screening were prepared by mixing 10 
I.Ll of 1. 1o-7 M morphine-Cy5, 10 ~1 of 1:50 
dilution of the commercially available morphine 
antibody and 50 ~1 human IgG diluent. The CE 
solutions for testing cross-reactivity of opiates 
were composed of 10 ~1 1. 10e7 M morphine- 
cy5, 50 /&l 1. 1o-5 M opiate and 10 ~1 1:50 
diluted sheep morphine N polyclonal antibody 
(Biodesign International, Kennebunkport, ME, 
USA). The CE samples for the morphine com- 
petitive assay were prepared by adding 10 ~1 of 
1:50 antibody solution to a mixture of 50 ~1 
morphine calibrator in the human IgG diluent 
and 10 ~1 1. 10e7 M morphine-Cy5. 

3. Results and discussion 

The addition of an amount of morphine anti- 
body (10 ~1 of 1:50 dilution) sufficient to capture 
1 pmol of the morphine-Cy5 conjugate results in 
almost complete conversion of the sharp fluores- 
cent drug peak to that of the antibody-antigen 
complex with a shorter migration time due to the 
large molecular mass of the antibody (Fig. 1). 
The relatively broad peak for the complex is due 
to the fact that a polyclonal antibody was used. 

The screening of four commercially available 
morphine antibodies by CE-LIF showed that the 
Biodesign morphine N antibody was best suited 
for the immunochemical binding assays (Fig. 2). 
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Fig. 1. Binding of sheep polyclonal antibody to morphine-Cy5. A 1-pmol amount of Cy5 was captured by 10 ~1 150 antibody 
solution. Analysis by CE-LIF in 25 cm x 20 pm fused-silica capillary at 20 kV/17 PA. 

Fig. 2. Screening of four commercial antibodies for binding 
to morphine-Cy5. Mixtures contained 50 /II human IgG 
diluent, 10 ~1 l.lO-‘M morphine-C15 and 10 ~1 1:50 
dilution of morphine antibody. 

The electropherograms obtained with the other 
antibodies displayed evidence of poor affinity 
and/or antibody heterogeneity. Two of the anti- 
bodies did not display any significant binding to 
the labeled antigen, most likely due to incom- 
patibility between the structure of our labeled 
drug and the immunogen used in the production 
of those antibodies. For immunochemical re- 
action with a labeled small molecule, the site of 
attachment of the label must be the same as the 
site of attachment of the carrier protein in the 
immunogen . 

The cross-reactivity of nine opiate compounds 
towards the morphine antibody was tested by 
competition with the labeled morphine for the 
antibody binding site by CE-LIF (Fig. 3). The 
strength of binding of morphine derivatives to 
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Fig. 3. Cross-reactivity of opiate compounds towards mor- 
phine N antibody. Mixtures contained 50 ~1 1. lo-’ M opiate 
or blank diluent, 10 ~1 1. lo-’ M morphine-Cy5 and 10 ~1 
150 dilution of morphine N antibody. 

the morphine antibody is as follows: morphine> 
normorphine> hydromorphone> morphine-/3-D- 
glucuronide. The codeine derivatives and levor- 
phanol did not show any significant cross-reac- 
tivity with the antibody. These results indicate 
that the antibody has poor affinity to those 
compounds which are substituted at the 3-phen- 
olic oxygen. This is expected for an antibody 
which was produced from an immunogen where- 
in the carrier protein was attached to the nitro- 
gen of morphine. 

The electropherograms for the competitive 

I ““bound morphi”e-Cy5 R I 

Fig. 4. Competitive binding assay of morphine by CE-LIF. 
Assay mixtures contained 50 ~1 morphine calibrator solution, 
10 ~1 1. lo-’ M morphine-Cy5 and 10 ~1 of 150 dilution of 
morphine N antibody. 

immunochemical binding assay for morphine 
show increasing signal for the unbound labeled 
morphine and decreasing signal for the labeled 
antigen-antibody complex with increasing mor- 
phine calibrator concentration (Fig. 4). The limit 
of detection is 5. lo-* M (14 ng/ml) morphine, 
well below the established cut-off concentration 
of 1*W6 M (300 ng/ml) for positive result in 
forensic urine drug testing is [3]. Thus, the 
present method is applicable for practical drug 
screening. The detection limit for competitive 
immunoassay using labeled antigen is highly 
dependent on the concentration of the labeled 
drug and the affinity between antigen and anti- 
body. Thus, for analytes which are present at 
lower concentrations, the amount of labeled 
antigen and antibody can be adjusted to achieve 
lower detection limits. 

4. Conclusions 

The use of CE-LIF for the rapid screening of 
antibodies for binding to an antigen was demon- 
strated. Our results indicate that CE-LIF can be 
used to study an antibody population in a 
heterogeneous mixture and can also be used to 
determine immunochemical dissociation con- 
stants. The same CE-LIF method was utilized to 
study cross-reactivity of compounds of closely 
related structures towards an antibody by 
competition with the labeled antigen. A rapid 
and highly sensitive method based on competi- 
tive immunochemical binding by CE-LIF has 
been developed for quantitation of a biologically 
active analyte. 
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