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Determination of Effective Charge by Capillary Electrophoresis
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Abstract;

Capillary electrophoresis (CE)
techmque provided a direct access to
simultancous measures of the protein
electrophoretic mobility and the diffusion
coefficient, and therefore the estimation of
the effective charge. In this report, the
subjects under investigations included amino
acids with different charge polarities,
proteins differing in pl and in molecular
weight, and protein-SDS complexes in buffer
solutions with different pH values and ionic
strengths.

In part II of this report we presented a
navel method for the critical micelle
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concentration (cmc) measurements of several
protein-binding surfactants. The
determination of c¢mc was based on the
distinct viscosity properties of the surfactants
before and after micellar formation.

Keywords: capillary electrophoresis,
effective charge, critical
micelle concentration
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The electrostatic properties of proteins
play an important role in their biological
functions. Therefore, the measurements of
their effective charges are very useful in
understanding their biological properties. The
experimental methods used to estimate
protein charges include isoionic point method
[1], Donna potential measurement [2,3], and
time dependent polyacrylamide gradient gel
electrophoresis method [4-6]. These methods
have disadvantages in several aspects, such
as large amount of sample consumption,
inaccuracy resulted from sample impurities,
and requiring complicated model fitting.
Recently the research group in Harvard
University combined affinity capillary
electrophoresis technique and protein charge
ladder to measure the effective charges of
various proteins [7-10]. In their method, a
series of charged protein-binding ligands
must be synthesized and then covalently
bound to the protein in order to form a set of
protein charge ladder. In this project we used
capillary  electrophoresis  technique to
simultaneously measure the electrophoretic



mobility and diffusion coefficient of charged
species, and thus obtained a good estimate of
the effective charge. The effective charge, Q,
can be described by the following equation

Q. b

D
where, kg is Boltzmann’s Constant, T is
temperature(K}, ¢ is electrophoretic

mobility and D is diffusion coefficient.

In this project we investigated some
variables that would affect the determination
of effective charge. These factors included
sample concentration, protein molecular
weight and isoelectric point, capillary coating,
buffer pH value and electric field strength.
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Part I Effective charge measurements of
amino acids, proteins, and protein-SDS
complexes.

In this report, the subjects under
investigations included amino acids with
different charge polarities, proteins differing
in pl and in molecular weight, and
protein-SDS complexes in buffer solutions
with different pH values and ionic strengths.
To overcome the tailing and adsorption
problems, especially for the basic proteins,
cationic polymer coating on capillary inner
wall was carried out. In the measurements of
electrophoretic mobilities, electric field
strength of less than 100v/iem was used to
avoid systematic deviation resulted from
conformational distortions of analytes and
joule heat effect. This effect was shown in
Figure 1. Table 1 showed that the diffusion
coefficients of 3 amino acids and 6 proteins
measured by hydrodynamic dispersion
method were within 2% relative difference
when compared with tabulated values. The
effective charges of six amino acids at pH
2.05 were listed in Table 2. All the amino
acids studied were positively charged under
this pH value. As expected, the measured
effective charges decreased with decreasing
pl values. The experimental results of
effective charge measurements for ten

proteins were shown in Table 3. The
measured diffusion coefficients decreased
exponentially with increasing protein
molecular weights. Unlike in the case of
amine acids, the measured effective charges
for proteins did not vary orderly with their pl
values. This was probably due to the more
complicated structures of proteins. We
investigated the pH effect on protein
effective charge by measuring the effective
charge of Carbonic Anhydrase B prepared in
buffer solutions with pH values ranged from
2.05 to 10.88. The resulting curve shown in
Figure 2 was very similar to that reported in
literature [11]. In the study of
protein-surfactant binding behavior, we
found that the effective charge of Myoglobin
could increase more than twenty times when
denatured by SDS.

Part [I Cmc measurements of protein
binding surfactants

Critical micelle concentration can be
obtained by measuring the distinct physical
properties of surfactant molecules in the
monomer state and in the associate( or
aggregate) state. In this report, two linear
increments of viscosities were found when
increasing surfactant concentrations from
dilute to above cmc, which was then decided
by linear extrapolation of the two
concentration regions. With  capillary
electrophoresis instrument and according to
Poiseuille’s law, viscosity can be obtained by
measuring the retention time of a dilute
marker in the hydrodynamic flow of the fluid.
This method was verified by the
measurements of a set of standards with
known viscosities. The results were shown in
Figure 3. The determination of cmc value
was demonstrated in Figure 4. The cmc
values of various types of surfactants
including anionic, cationic, zwitterionic, and
non-ionic ones were determined and the
results were listed in Table 4. For all types of
surfactants, the cme values measured were all
in good agreement with those reported in
literatures. As shown in Table 4, this method
was also demonstrated to be applicable to
cme measurement of aqueous surfactant with



organic or electrolyte additive.
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The results of this proposal provided us
a new method for effective charge
measurements of amino acids and proteins
under different aqueous environments. This
would make us better understand the
electrostatic properties of proteins and thus
their binding behaviors with other species.
Moreover, the results were useful in
optimizing CZE conditions for the separation
and identification of amino acids and
proteins. Furthermore, in this project we also
developed a retention time method for
convenient and accurate cme measurements.
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Figure 3. The linear relationship between
viscosity and retention time for six
standards.

Figure 1. Effect of electric field strength on
mobility measurements of six amino

acids.
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Figure 2. pH dependence of the measured Figure 4. Cmc determination of SDS by

effective charge of Carbonic Anhydrase
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linear extrapolation of the two
concentration dependent viscosity
regions.



Table 1. Comparisons of measured diffusion Table 3. Experimental results of effective

coefficients with literature values charge measurements for ten proteins
Amino acid or Protein_| Deg(107} | Duwed10%) | R.D.(%) Protein PI g (10 | D(10% | EcC.
Glycine_ 10268 | 10.50 | 221 Insulin | 353 | 1201 | 1474 | -2252
Phenylalanine | 6.990 | 7.05 | 0.85 Lysozyme | 10.9 | 1811 | 1.147 | +4.118
Tryptophan 6.583 | 6.59 | 0.1 Myoglobin | 6.8 | 0288 | 1.129 | -0.654
Llns“lm }'Tﬂ 1‘-153 };i‘ a-Ch A| 98 | 0508 | 0987 | +1.376
YSOZyme ' ' : CAA 59 | 069 | 0935 | -1.921
Myoglobin 1129 | 113 | 018 CAB 59 | 0541 | 0935 | -1.487
e @ | 0987 | 095 | 3.8 CATl 59 | 0534 | 0981 | -1401
o TYpsinog Ovalbumin | 5.1 | 1737 | 0.774 | -5.767
valbumin 0.774 | 0.776 0.26 ;
: Hemoglobin| 6.8 | 0564 | 0.702 | -2.066
Hemoglobin (.702 0.69 1.74 G6P- DH 6.4 1.008 0.605 4982

Table 2. Results of effective charge
measurements of six amino acids at pH
2.05

A;;ii;"’ pl | n@o% | Dao% | EC.

Arg | 10.76 2.613 6.651 | +0.996
Glv 5.97 1.982 10.77 | +0.477
Leu 5.98 1,389 7.390 | H0.465
Trp 5.89 1.140 6.422 | +0.456

Phe 5.48 1.073 6.704 | +0.414
Asp 2.96 0.873 7.847 | +0.291
¢ = Mobility {10™*cm?/Vs)
D = Diffusion coefficient {10 cm®/s)
E.C. = Effective charge {Valence)

Table 4. Comparisons of experimental and tabulated cmc values of anionic, cationic,
zwitterionic, and non-ionic surfactants

Experimental Literature
Surfacant/Solvent va[;ues(mM) values(mM) References

SDS/water 7.95 8.0 12
SDS/3M Urea 9.74 9.85 13
SDS/10mM NaCl 5.07 5.29 14
Sodium Decanesulfonate 32.25 32.6 15
Sodium Octanoate 341.8 351 15
DoTAB 15.41 15.5 16
CTAB 1.16 1 15
CHAPS 10.03 6~10 15
N-Tertradecyl-N,N-Dimethyl-3

-ammonio- 1 -propanesolfonate 0.35 0.1-0.4 15
Decanoyl-N-methyl-glucamide 7.03 6~7 15
F127 6.7(g/L) 6.2(g/L) 17
Triton X-100 0.26 0.24 15




