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Abstract:

We have developed a novel method of
using capillary electrophoresis  to
simultaneously measure protein size and
charge in a single eectrophoretic run. By
using this method we were able to perform
quick measurements of the size and charge
changes for proteins with different molecular
weights and pl values in agueous solutions
with different pH and ionic strength. In
addition, the binding properties between
proteins and surfactants were aso
investigated. The results were useful in
molecular weight determination of proteins
using electrophoretic analysis technique.
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The three dimensional structure and
electrostatic properties of proteins usualy
determine their roles in biological functions.
The measurements of protein size and
effective charges are useful in understanding
their biological properties. Protein size can
be determined by X-ray diffraction method,
light scattering technique, and NMR
approach [1-3]. The experimental methods
used to estimate protein charges include
isoionic point method [4], Donna potential
measurement  [5,6], time  dependent
polyacrylamide gradient gel electrophoresis
method [7-9], titration method [1, 10] and the
combination of capillary electrophoresis and
charge ladder [11-14]. These methods have
disadvantages of consuming large amount of
sample and requiring complicated model
fitting [15] and tedious protein-ligand
synthesis.

In this project we used our newly
developed method to investigate the changes
of protein size and charge induced by pH and
surfactant denaturations.



The designed methods of measuring the
physicochemical properties of proteins were
described as follows. Protein sample was
pressure-injected into capillary column filled
with buffer solution. The sample band would
pass through the detection window by
applying a constant pressure in the injection
end of he capillary column with both ends
immersed in equal amounts of the buffer
solution. The resulting Gaussian profile was
used to caculate the protein diffusion
coefficient  according to  Taylor-Aris
disperson method [16]. Moreover, the
viscosity of the buffer solution could also be
determined from the retention time of the
Gaussian peak by using Poiseuille equation.
With known solute diffusion coefficient and
solvent viscosity and according to the
calculation of Stokes-Einstein equation,
protein hydrodynamic radius could thus be
obtained. After passing the detection window
for a period of time, the protein band would
stop migration by dropping the applied
pressure to zero, and then immediately
migrated back toward the detector by
applying an electric field. Protein mobility
could be calculated from the elution time of
the second protein peak. Since protein size
and electrophoretic mobility along with the
buffer viscosity were al measured, we could
use Henry's model [15] of the theory of
protein electrophoretic mobility to calculate
the protein effective charge.

Figure 1 showed the pH effects on
protein size. The hydrodynamic radius of
protein did not have observable change in pH
ranges of 7.00 to 10.88. When pH was less
than 5.6, Mb and BSA started to swell mainly
due to the denaturation effect and the
increase of effective charge. At low pH
region, unlike Mb and BCA, Lys and Ov had
relatively small changes in their sizes. We
found that the existence of dsulfide bond in
protein would be the main reason to account
for this difference. As for BSA, which was
also rich in disulfide bond, the rising in size
at low pH region was mainly due to its large
molecular weight and acidic nature, which
would make it possess large positive charge,
and thus resulted in larger size. The

electrophoretic mobilities of proteins would
increase with increasing or decreasing the pH
values from the pl of each protein. Figure 2
showed the effects of pH on protein charge.
The protein charges measured did approach
zero when pH reached the pl of each protein.
Although the pls of Ov and BSA were the
same, BSA would bear more charge than Ov
due to its larger molecular weight. Within the
pH range studied, the effective charge of Lys
seemed to be small and change very little.
Similar to the result shown in fiure 3, the
sizesof most protein-SDS complexes would
increase with increasing SDS concentrations
and then reached a plateau value due to the
saturated binding of SDS molecule onto
protein. At low pH condition, Mb had been
denatured by the acidity. The addition of SDS
only dlightly increased the denaturation of
Mb. Therefore the radius of Mb-SDS
complex was not much bigger than that of
Mb as shown in figure 4. Hb is a
tetrapepitide with subunits similar to Mb. In
figures 5 and 6, the loss of Hb's quaternary
structure by SDS denaturation in high pH
region (7~10.88) accounted for the similarity
of the plateau radii of Hb-SDS and Mb-SDS.
Compared with Mb-SDS complex, further
denaturation and thus larger size increase in
low pH region for Hb-SDS complex was
observed. Owing to the lack of disulfide
bond in BCA tertiary structure, the plateau
radius of BCA-SDS complex in figure 7 only
increased dlightly when decreasing pH. The
acidity denaturation effect was not obvious
because SDS denaturation had amost
completely expanded the complex size. The
high disulfide bond ratio in Ov tertiary
structure made acidity denaturation effect
become insignificant. However, the effect of
SDS denaturation on the complex plateau
radius did show big expansion of SDS-Ov
complex as shown in figure 8. Similar to the
results of OV, figure 9 showed that the pH
dependences of both BSA radius and
BSA-SDS plateau radius were almost the
same. This was mainly due to the high
disulfide bond ratio existing in the BSA
tertiary structure. In low pH region, the size
increase was probably caused by the high



molecular weight and
hydrophilic nature of BSA.

relatively  high

The results of this proposal provided us
a new method for the measurements of
protein size and effective charge. This would
make us better understand the conformational
and electrostatic properties of proteins as
well as their binding behaviors with
surfactant molecules. The results were also
useful in optimizing CE conditions for the
separation and identification of proteins. The
newly designed method requires extremely
small amounts of protein and is easly
automated. This method provides not only
quick measurements of protein related
physicochemical properties but also the
conditions for optimizing protein separations
by capillary electrophoresis.
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Figure 1: pH dependent hydrodynamic radii of studied proteins
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Figure 2: pH dependent effective charge of studied proteins
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Figure 3: Hydrodynamic radii of Mb-SDS complexes vs. SDS concentration
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Figure 4: Radius of Mb and plateau radius of Mb-SDS complex at different pH conditions
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Figure 5: Hydrodynamic radii of Hb-SDS complexes vs. SDS concentration
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Figure 6: pH dependent plateau radii of Hb-SDS and Mb-SDS
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Figure 7: pH dependent plateau radius of BCA-SDS complex
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Figure 8: Radius of Ov and plateau radius of Ov-SDS complex at different pH conditions
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Figure 9: Radius of BSA and plateau radius of BSA-SDS complex at different pH conditions
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