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Drug-plasma protein binding analysis is indispensable for drug development and clinical use. However, convention-
al methods for binding analyses were not suitable for small amounts of proteins because of large sample requirements.
On the other hand, high-performance frontal analysis/capillary electrophoresis (HPFA/CE) consumes very small sam-
ple volumes, and is useful for ligand-binding study of small amounts of proteins. In this study, HPFA/CE was used in a
drug-binding study of «;-acid glycoprotein (AGP) subtypes in which plasma concentrations change dynamically to
elucidate the effects of structural variation on drug binding. Binding study on desialyrated AGP revealed that (S)-enan-
tiomer selectivity in propranolol-AGP binding was caused by sialic acid residues, while neither sialic acid nor galactose
caused the enantioselectivity of verapamil binding to AGP. Biantennary glycans slightly suppressed disopyramide bind-
ing to AGP, whereas the glycans did not have any influence on propranolol and verapamil binding. Disopyramide and
verapamil were selectively bound to the A variant rather than the F1S variant. The A variant showed larger enantioselec-
tive binding to disopyramide, but not to verapamil.
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Fig. 3. HPFA/CE Profiles

(a) Propranolol standard solution (30 um), (b) Propranolol (30 um)
and native AGP (40 um) mixed solution, (c) Propranolol (30 um) and
asialo AGP (40 um) mixed solution. Capillary of 42 cm total length (30 cm
effective length) treated with linear polyacrylamide. Sodium phosphate
buffer (pH 7.4, 66.7mm). Voltage at +7kV for electrophoresis.
Hydrodynamic injection (suction) for 5 sec. Detection wavelength at 215
nm.

Table 1. Unbound Drug Concentrations (C,) in Asialo or
Asialo—Agalacto AGP Solution

C® @ e R
Propranolol
native AGP 14.5+0.52 11.4+0.84 1.27
asialo AGP 14.8+0.19 14.61+0.43 1.01
Verapamil
native AGP 13.1£0.25 17.2+0.19 1.31
asialo AGP 13.74+0.27 17.0+0.63 1.25
asialo—agalacto
AGP 13.6+0.30 17.1+£0.90 1.26

Mean+sd, n=3. Sample; propranolol enantiomer (30 um) or ver-
apamil racemate (50 um) were added in AGP (40 um or 50 um) solution
(pH 7.4, 66.7 mm sodium phosphate buffer) .
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Table 2. Unbound Drug Concentrations (C,) in Unretained
AGP (UR-AGP) or Retained (R-AGP) Solution

CR () Cs) o @R
Propranolo!
UR-AGP 15.84+0.43 12.94+0.35 1.22
R-AGP 15.5+0.29 12.8+0.46 1.22
Verapamil
UR-AGP 14.0+0.41 18.1+0.32 0.773
R-AGP 14.0+0.45 17.8+0.28 0.787
Disopyramide
UR-AGP 6.56+0.16 5.61£0.06 1.17
R-AGP 7.84+0.10 6.89+0.04 1.14

Mean+sd, n=3. Sample; propranolol, verapamil (30 um) or dis-
opyramide (15 um) enantiomer were added in AGP (40 um) solution (pH
7.4, 66.7 mm sodium phosphate buffer) .
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Fig. 4. Amino Acid Sequence of F1 and A Variant Deduced from Respective Genes
Bars indicate identical amino acid residues to those in F1 variant.
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Table 3. Unbound Drug Concentrations (C,) in AGP Genet-
ic Variant Solution

Cl® () C®) @R
Verapamil
F1S variant 20.1+0.21 22.44+0.92 0.900
A variant 14.9+0.70 17.9+0.76 0.871
Disopyramide
F1S variant 10.8+0.03 10.1+0.16 1.07
A variant 4.16+0.11 1.76+0.03 2.37

Mean +sd, n=3. Sample; verapamil (30 um) or disopyramide (15 um)
enantiomer were added in AGP (40 um) solution (pH 7.4, 66.7 mm sodi-
um phosphate buffer) .
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Table 4. Unbound Drug Concentration (C,) in DP-Genetic Variant Solutions

C, (um)
pH 4.0 pH 6.0 pH 7.4

F1IS variants

(R)-DP 10.4+0.393 12.1+0.113 12.6+0.132 9.38+0.156
(S)-DP 9.56+0.315 11.6+0.112 11.8+0.097 9.24+0.221
A variant

(R)-DP 13.3£0.185 12.8+0.258 11.5+0.112 7.79+0.146
(S)-DP 12.2+0.100 9.46+0.248 6.81+0.268 5.70+0.313

Mean +SD, n=3. Sample; 15 um (R)—or (S)—disopyramide (DP) were dissolved in 20 um AGP genetic vari-

ant solution (66.7 mmM sodium acetate/phosphate buffer).
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Fig. 5. Affinity Constants of Disopyramide Enantiomer—AGP Genetic Variant Binding and Their Ratios

(a) Binding constants between disopyramide enantiomer and AGP genetic variants, (b) Ratio of binding constants between F1S and A variant, (¢) Enantio-
meric ratio of binding constants. Affinity constants were calculated assuming 1 : 1 binding stoichiometry.

Table 5. Distribution in Secondary Structure of AGP Genetic
Variants
pH 4.0 pHS.0 pH 6.0 pH 7.4
F1S variants
a-helix 15.6% 14.2% 19.7% 14.8%
f-sheet 71.9% 81.3% 80.3% 85.2%
Other 12.5% 4.50% 0.00% 0.00%
A variant
a-helix 21.9% 22.9% 29.8% 29.7%
f-sheet 73.5% 74.0% 64.2% 56.0%
Other 4.60% 3.10% 6.00% 14.3%

Sample concentration: 1 um. Temperature: 25°C. Wavelength: 200—250

nm

Reference spectra: Yang J. T. ef al., Methods in Enzymology, 130, 208—

269 (1986).
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fEEIroE 2 M EICIT S T ENARRIC /AR o /2. A
MARETFrE T —ITEASINLEYOEIVEIZE
EIEINTHD, ZHUL, WERORIAS i FhiE
iz EDRAERIER DK 23 HiDIsWidkl & T
Hol. TOXRDIRFEN S ARERIIMEES > N7
BNEYEREIC KT T B A ERMAE) - HELT)
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