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Measurement of hydrodynamic radius for a standard p rotein over a wide
concentration range

Keywords: Proteins, sizing, quantification, Taylor dispersion
Summary

This application note shows use of the ActiPix for determination of hydrodynamic radius of a
protein. The method allows proteins to be used in their native form, without any labelling or
denaturation. A plug of protein solution is injected into a fused silica capillary, driven through the
capillary by application of pressure, and detected using UV area imaging as it passes windows at
entrance to and exit from a loop in the capillary. The radius of the protein is determined by
analysis of band broadening due to Taylor dispersion. The method is applicable over a wide
concentration range and uses only nanolitres of sample.

Instrumentation and materials

ActiPix UV imaging system (Paraytec D100)

2 x 200 Multiplex CE cartridge (P/N 131-0020)

214 nm wavelength filter (P/N 112-0214)
Commercial capillary electrophoresis system*

90 cm 75 x 200 mm fused silica capillary (Polymicro Technologies)
Albumin from bovine serum (Sigma Aldrich A7906)
50 mM borate at pH 8.92**

500 ni microcentrifuge tubes (Sigma Aldrich 178493)

* e.g. PrinCE or Agilent 3D capillary electrophoresis system
** prepared by adjusting the pH of 200 mM boric acid to pH 8.92 with 100 mM LiOH and
adding the appropriate amount of HPLC grade water to bring to volume

Method

Experimental setup with Agilent 3D CE

Figure 1: A: Sensor head coupled to Agilent 3D CE instrument; B: Sizing cartridge
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Assemble setup similar to Figure 1. Note that the method will work with most commercially
available CE instruments, provided that a cartridge is available (e.g. that for MS) bringing the
capillary outside the instrument. Figure 2 shows a schematic illustration of the layout of the
looped capillary and imaging area of the detector.

looped
fused silica capillary

pressure drive

APS detector
(imaging area)
Figure 2: Schematic representation of looped capillary for sizing studies passing over the ActiPix

Procedure
Either manually or with a pre-written method:

with PrinCE CE instrument + 90 cm capillary (30 cm to first window, 30 cm loop, 30 cm to outlet)
Rinse out the capillary with buffer for 1 min at 1000 mBar

Inject sample (BSA dissolved in buffer, 0.05 - 5.0 mg mlI™) for 6 s at 100 mBar

Inject buffer for 6 s at 100 mBar to prevent any leakage of sample

Start ActiPix run

Apply pressure (250 mBar) for 2.5 min
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or Agilent 3D CE instrument + 90 cm capillary (45 cm to first window, 30 cm loop, 15 cm to outlet)
Rinse out the capillary with buffer for 1 min at 1000 mBar

Inject sample (BSA dissolved in buffer, 0.05 - 5.0 mg ml™) for 12 s at 50 mBar

Inject buffer for 12 s at 50 mBar to prevent any leakage of sample

Start ActiPix run

Apply pressure (50 mBar) for 13 min
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Principles

A plug of the sample (typically, a few nanolitres) is injected at the capillary inlet and driven by
application of external pressure along the capillary.

UV absorption of the protein zone is recorded in the first and the second detection window.
Whilst the area of the peak is the same, the widths of both peaks are different: the signal from
the second window has a greater width and lower amplitude due to Taylor dispersion.

The peaks are fitted with an appropriate peak fitting function using commercially available
software. The area under the peak corresponds to the amount of the protein injected. The
standard deviations are used to calculate the hydrodynamic radius of the protein.
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Results and Discussion

Figure 3 shows the absorbance vs. time plot of a single injection of BSA (1.0 mg ml™) making two
passes over the detection area. Because this system is pressure driven, the sample band profile
broadens with time.
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P "d pass

27 Time / min

Figure 3: Absorbance vs. time plot of single injection of BSA (1.0 mg ml™") passing the same
detection zone twice driven by pressure.

Band broadening due to Taylor dispersion has been well characterized in previous literature.™ In
the present method, the absorbance versus time data is processed to obtain the peak centre
times at the first and second window, t; and t, respectively, and the corresponding standard
deviations, ¢, and #. These values are used to calculate the hydrodynamic radius, R;, using
Equation 1

Ak T(1,2-1 )
) phrz(tz B tl)

(1)

where kg is the Boltzmann constant, T the absolute temperature, / the viscosity of the solution,
and r the capillary radius. For dilute solutions used in these experiments, the viscosity of the
solution may be assumed to be that of water at that temperature. Further details concerning
Equation 1 and data analysis are given in the Tech Note “Hydrodynamic radius using Taylor
dispersion”.
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Using the formula above, radii were calculated over a range of concentrations (Table 1). Three
repeat measurements were made at each concentration. The standard deviations in the values of
the radii are in all cases seen to be 5% or less.

Table 1: Measured hydrodynamic radii data across a wide concentration range for BSA*

Concentration Hydrodynamic
(mgmL™) radius (nm)
0.05 3.26 £0.16
0.25 3.22 £0.08
0.50 3.64+0.11
1.00 3.35+£0.05
2.00 3.39 £ 0.06

* PrinCE CE instrument, temperature 25 °C; data analysis using Gaussian peak fitting model.

Conclusions

Measurements of hydrodynamic radius have been carried out for bovine serum albumin
over the range 0.05 — 2 mg mL™, in a 50 mM borate buffer at pH 8.9. The experimental
setup with a single capillary looped through the same imaging zone provides for
continuous flow of the sample plug, allowing measurement of plug profile change during
pressure-driven traversal of the loop. The ActiPix D100 UV area detector uniquely images
the same capillary in two locations, allowing measurement of time-dependent band
broadening and hydrodynamic radius.

Further applications

This method provides a quick, easily integrated technique for the monitoring of whole
protein or peptides to determine hydrodynamic radius. Furthermore, any influence of
additional small molecules or proteins on the compound of interest will also be visible with
this method.

Unlike sizing with PAGE, the method described requires only nanolitres of the protein
sample and the whole procedure can be automated. Most importantly, proteins do not
require denaturation and can be analyzed in appropriate buffers at optimum pH
depending on pl. There is no need for staining or labelling.

The method could readily be adapted for use with a syringe pump and a nanolitre injector,
rather than a capillary electrophoresis apparatus. In this way there would be no
requirement for any specialized equipment.

The setup is easily converted to other experimental configurations within minutes.

The small footprint of the ActiPix sensor offers short connections for hyphenated
techniques such as LC-UV-MS that would provide radius sizing to go along with exact
mass measurement.
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