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The application of stereoselective antibodies in an enzyme
immunoassay enables the quantitative determination of
enantiomeric impurities beyond the outer limits of currently
available methods; thus, using an antibody raised against a
derivative of D-phenylalanine, the D-enantiomer of the free
amino acid can be detected in a 100 000 fold excess of the L-
enantiomer (ee 99.998%).

The determination of low ees is exceedingly important in wide-
ranging chemical studies, such as, asymmetric synthesis,1
dating of material of biological origin,2 and the analysis of
material of extraterrestrial origin.3 In experiments where the ee
may be very low, e.g., those based upon non-conservation of
parity,4 ultra-sensitive assays are essential. The increasing
understanding of the stereoselectivity of drug actions is causing
regulatory agencies to define guidelines for the development of
stereoisomeric drugs and to demand the specification of their
stereochemical purity.5 In some cases, even minor enantiomeric
impurities may cause severe pharmacological and toxicological
side effects.6 Commonly used methods for the determination of
enantiopurity include polarimetry, NMR spectroscopy and
chromatography, which may allow detection of 0.1% enantio-
meric impurity (99.8% ee).7 More sensitive analytical tools are
desirable, and may be vital for health safety, with regard to the
production and investigation of therapeutic or nutritional chiral
compounds. Improved techniques require the development of
highly selective chiral hosts that specifically bind to one
enantiomer present in a large excess of the opposite enantiomer.
Stereoselective interaction between enantiomers and biological
macromolecules such as antibodies, enzymes and receptor
proteins is well known and has found various applications in
stereochemistry.8 Recently, we have shown that enantiomeric
impurities can be determined by a chiral immunosensor
utilizing the exquisite stereoselectivity of antibodies.9 Here, we
demonstrate the determination of enantiomeric impurities at an
unprecedented level of detectability using an enzyme im-
munoassay.

Stereoselective antibodies sensitive to the chiral center of a-
amino acids10 were used to detect D-phenylalanine in non-
racemic mixtures by a competitive enzyme-linked immunosor-
bent assay (ELISA, Fig. 1).11 Rabbit antibodies, raised against
a conjugate, prepared by diazotization of p-amino-D-phenyl-
alanine and coupling to the protein keyhole limpet hemocyanin
(KLH), stereoselectively bind to D-phenylalanine, but not to L-
phenylalanine (Fig. 2). Typical sigmoidal inhibition curves
were obtained with D-phenylalanine diluted in phosphate
buffered saline (PBS) in the concentration range between 0.01
mM and 500 mM, while no inhibition was observed using L-
phenylalanine even at much higher concentrations (up to 50
mM). Antibody binding to D-phenylalanine in the presence of a

large excess of L-phenylalanine was shown using the D-
enantiomer diluted in a solution of 10 mM L-enantiomer in PBS
(Fig. 2). The inhibition curves obtained with D-phenylalanine in
the presence and absence of L-phenylalanine are virtually
identical, indicating that the stereoselective interaction between
the antibody and D-phenylalanine is not affected by the presence
of the L-enantiomer. As seen in Fig. 2, D-phenylalanine
concentrations as low as 0.1 mM can be detected in the presence
of 10 mM L-phenylalanine. This is equivalent to one part of D-
phenylalanine in 100 000 parts of L-phenylalanine, correspond-
ing to an ee of 99.998%. The limit of detection is dependent
primarily on the affinity of the antibody and the sensitivity of
the assay.

The suitability of this antibody for the quantitative determina-
tion of enantiomeric impurities was demonstrated in com-
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Fig. 1 Schematic depiction of the competitive ELISA procedure.11 The
antigen, in this case p-amino-D-phenylalanine, is bound to the wells of a
polystyrene microtiter plate (A). After blocking of unoccupied adsorption
sites on the plastic surface (B), antibody specific to D-amino acids is added
to the wells along with the test sample (competitive antigen) (C). Enzyme-
labelled antibody specific for the first antibody is added (D), and a
chromogenic enzyme substrate is dispensed (E). The colored product which
indicates the amount of the first antibody bound to the solid-phase
immobilized antigen is determined photometrically. Between steps A–E,
excess reagents are removed by washing.
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petitive assays employing non-racemic mixtures of phenyl-
alanine. Enantiomeric impurities of 0.1% and 0.01% were
simulated by the addition of D-phenylalanine (2 ml of a 100 mM
stock solution in PBS) to L-phenylalanine (1998 ml and
19 998 ml, respectively, of a 100 mM stock solution in PBS).
Fig. 3 shows the inhibition curves obtained with these mixtures.
The concentrations of total phenylalanine necessary to cause
50% inhibition of binding (I50) were determined to be 3.12 ±
0.25 mM and 29.12 ± 2.26 mM, respectively. These results are
in good accord with the I50 value of 3.1 ± 0.3 mM obtained from
the calibration curve using enantiomerically pure D-phenyl-
alanine in PBS (Fig. 2), and indicate that, within the accuracy of

the method, the test mixtures indeed contain one part D-
enantiomer in 1000 parts and 10 000 parts, respectively, of the
L-enantiomer.

We have demonstrated the value of stereoselective antibodies
for the detection of trace enantiomeric impurities and the
determination of ee for the a-amino acid phenylalanine.
Stereoselective antibodies have been raised for a variety of
purposes, including the measurement of degree of racemiza-
tion.12 Enzymes have been used to determine enantiopurity13

but their use is confined to natural substrates and suitable
analogs, and is restricted by the number of appropriate enzymes.
In contrast, antibodies can be raised against virtually any
compound of interest14 and can be selected and engineered
according to one’s needs.15 Their use is routine and they are
suitable for automated assays. Thus, the use of antibodies for the
determination of enantiomeric impurities at extremely low
levels may be extended to other compounds. This approach
should be particularly valuable in chemical or pharmaceutical
studies where the highest enantiopurity is essential.
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Fig. 2 Inhibition of antibody binding to solid-phase immobilized p-amino-
D-phenylalanine by increasing concentrations of D-phenylalanine (-); by D-
phenylalanine in the presence of 10 mM L-phenylalanine (Ω); by L-
phenylalanine (8). Absorbance values were converted to % inhibition by:
% inhibition = (1 2 (A/A0)) 3 100; A represents values in the presence of
competitor, while A0 is the absorbance without competitor. Here and in
Fig. 3 error bars indicate standard deviations of triple determinations
(missing error bars are obscured by the symbols).

Fig. 3 Inhibition of antibody binding to solid-phase immobilized p-amino-
D-phenylalanine by increasing concentrations of test mixtures containing 1
part of D-phenylalanine in 1000 parts of L-phenylalanine (-), and 1 part of
D-phenylalanine in 10 000 parts of L-phenylalanine (8).
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