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Experimental

Solutions and samples. 67 mM sodium phosphate buffer, pH 7.40 

was used as electrophoresis and sample buffer. Samples containing 

5.0 · 10-5 M propranolol and 2.5 · 10-5 M α1-acid glycoprotein (AGP)
or 8.0 · 10-5 M human serum albumin (HSA) were prepared in the 

phosphate buffer (pH 7.4). Standards contained 5.0 · 10-5 M 

propranolol.

CE was performed on an Agilent 3DCE coupled to an Actipix D100 

UV area imager (Paraytec Ltd, York, UK). Uncoated fused silica 

capillaries were 92 cm in total length (50 µm i.d.) and lengths of 
34.5 and 49 cm to the first and second detection window, 

respectively. Detection at 200 nm; Capillary cassette temperature 

25oC; Rinse: 0.1 M NaOH and buffer for 3 min each.

Frontal analysis CE – TDA procedure

Sample introduction:

Separation step (frontal analysis CE):

Mobilisation by pressure (Taylor dispersion analysis):

Results

Frontal analysis conditions (presence of plateau peaks) were 

achieved with an injection time of 100 s (50 mbar) corresponding to 

~94 nL sample volume (Figure 3).

Taylor dispersion analysis

Due to the large sample volumes protein peaks were fitted to 

TDA expression for fronts (Eq 1) (Figure 4). Temporal variances 

were obtained for both the advancing and trailing fronts for AGP. 

Eq 1                           Eq 2                        Eq 3

Diffusion coefficients were obtained from the change in front 

sharpness (temporal variance) from window 1 to 2 (Eq 2) and 

hydrodynamic radii from Eq 3.

Frontal analysis CE – TDA data 

Simultaneous characterization of ligand binding properties 

and aggregation state of proteins using affinity CE 
combined with Taylor dispersion analysis

Introduction

Characterization of proteins and their interactions is 

fundamental to the understanding of biochemical processes 

since most biomolecular processes involve the molecular 

recognition and ligand binding by proteins. Protein based 

drugs represent special challenges in terms of drug 

development and manufacturing. The structural integrity is 

sensitive to the conditions encountered during formulation, 

production and storage. The therapeutic efficacy is closely 

related to the conformational structure; thus development of 

protein drugs requires a detailed knowledge of the physical 

and chemical stability. In this context, it would be beneficial if 

biophysical and functional characterization could be 

combined into one method.

Aim

To develop a CE based method suitable for simultaneous 

characterization of protein function, in the form of ligand

binding, and determination of protein aggregation state 

through size measurements.

To combine affinity CE in frontal analysis mode, widely used 

in interaction studies, with Taylor dispersion analysis (TDA) 

used for measurement of diffusion coefficients 

(hydrodynamic radii; sizing).

Taylor dispersion1-3

The velocity of laminar flow through a capillary vary over the 

capillary cross-section according to a parabolic function. 

Thus analytes move with different velocities according to the 

position in the capillary cross-section. Diffusion occurs over 

the capillary cross-section as well as along the capillary axis. 

The combined action of molecular diffusion and convection 

lead to a special form of dispersion termed Taylor 

dispersion.
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Figure 3 Frontal analysis CE with (upper traces) and without pressure 
mobilisation (lower traces). Shifted traces are propranolol standards used 

in the determination of the degree of ligand binding.

Figure 4 TDA (Eq 1) performed on normalised traces from Fig 3

Table 1. Fraction of free propranolol (ffree), αααα1-acid glycoprotein (AGP) and 
human serum albumin (HSA) diffusion coefficients (D) and Stokes

hydrodynamic radii (R
h
) obtained using frontal analysis CE and Taylor 

dispersion analysis in 0.067 M phosphate buffer (pH 7.40) at 25oC (Mean ±±±± SD; 
n = 3).

a Pressure applied; combined CE and TDA

b Pressure not applied; conventional frontal analysis CE

c AGP, HSA and propranolol concentrations were 5.0 · 10-5 M, 8.0 · 10-5 M 

and 2.5 · 10-5 M, respectively

d Advancing and trailing fronts used for determination of D and R
h
(n = 2 × 3)

e Advancing fronts only used for determination of D and R
h
(n = 3).

Binding data obtained be the combined CE-TDA method is in 

accordance with results from traditional frontal analysis CE.

Propranolol binding results of AGP and HSA are in qualitative 

agreement with literature reports (higher affinity of propranolol

for AGP than for HSA).

Hydrodynamic radii (sizing) results are consistent with 

previously published results for the proteins.

Instrumentation

Conclusion

� From two CE runs (sample and ligand reference) protein function can be characterized in form of ligand binding ability and protein hydrodynamic radius determined from on-line measurement of diffusion 

coefficients.

� The UV area imaging detector allowing two detection points facilitates combination of frontal analysis CE and Taylor dispersion analysis and reduces the number of experiments needed for characterization of 

protein size and ligand binding properties.

� Results obtained in form of hydrodynamic radii and degree of binding are in agreement with literature values for the model affinity systems investigated. 

� The methodology is expected to be of interest for characterization of pharmaceutical proteins by providing information related to protein aggregation state (presence of monomer, dimers and oligomers) in addition 

to functional protein characterization. 

Acknowledgements                                                References
This work was supported by The Danish Medical Research Council. 

The authors would like to thank Dr Jim Lenke (Paraytec Ltd) for valuable discussions.

Figure 2 Capillary looping from Agilent cassette into Actipix CE 
cartridge and back allowing two detection points along the capillary.

Figure 5 Frontal analysis CE followed by pressure mobilisation for propranolol-

HSA sample. Left: TDA (Eq 1) performed on normalised traces

Figure 1 Agilent 3DCE combined with Paraytec’s Actipix D100 UV area 

imaging detector. Actipix sensor head is placed under CE cover 

during analysis.
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(1) 23 kV for 2.5 min

(2) 50 mbar pressure (TDA)

23 kV applied during entire

experiment

Hydrodynamic injection of 

preincubated sample: 50 

mbar for 100 s

Application of 23 kV 

(~55 µA) for 2.5 min. 
Ligand and protein do 

not reach the detection 

windows.

Peaks are forced past the 

detection windows for 

performing on-line TDA 

by a pressure of 50 mbar 

(at 0 kV).

Detection windows

Detection windows
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