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Hydration, charge, size, and shape characteristics
of peptides from their CZE analyses

A CZE model is presented for peptide characterization on the basis of well-estab-
lished physicochemical equations. The effective mobility is used as basic data in the
model to estimate relevant peptide properties such as, for instance, hydration, net
and total electrical charge numbers, hydrodynamic size and shape, particle average
orientation, and pH-microenvironment from the charge regulation phenomenon.
Therefore 102 experimental effective mobilities of different peptides are studied
and discussed in relation to previous work. An equation for the estimation of pep-
tide hydration as a function of ionizing, polar, and non-polar amino acid residues is
included in the model. It is also shown that the shape-orientation factor of peptides
may be either lower or higher than one, and its value depends on a complex inter-
play among total charge number, molar mass, hydration, and amino acid sequence.
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1 Introduction

CZE is a relevant experimental methodology for the sep-
aration and characterization of peptides. This situation is
in part justified because high resolution and efficiency, as
well as small sample size and short run times, are
achieved in modern electrophoresis apparatuses. In this
sense, continuous innovations involving both protocol
formulations and new experimental setups have been
proposed in the literature for improving analyte separa-
tion and detection [1-4]. In particular, relevant analyses
concerning peptides separations via CZE are now avail-
able (see, for instance, [4-9), and citations therein).

In recent years, it has been found that CZE models are
becoming important to help in the interpretation of
effective mobility data of peptides, from two main points
of view [7, 10-22]: (i) effective mobility prediction and
optimal protocol formulation in peptide separations; (ii)
analysis of experimental effective mobility to character-
ize peptides from their physicochemical properties,
which may be used to study complex biological systems.
Indeed, both points of view may be useful for a wide spec-
trum of applications such as, for instance, identification
of peptides fragments from protein digests and charac-
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terization of peptides functions as hormones, neuro-
transmitters, and modern drugs, among many others
|23, 24). In fact, from previous studies, one may conclude
that, in applications, at least two types of models for the
CZE of peptides are frequently proposed in the literature.
One of them consists in predicting the peptide effective
mobility (the “direct problem”) for a given protocol
involving well specified bulk pH, ionic strength I, tem-
perature T, electrical permittivity €, and viscosity 5 of the
BGE, together with molar mass M (possibly the number
of amino acids N) and amino acid sequence (AAS) [9-14,
16-18, 22, 25| or with molecular descriptors [15, 19, 20,
26~-28]. The other model (the “inverse problem”) involves
the peptide characterization, where the effective mobi-
lity is provided as basic data and relevant peptide proper-
ties are predicted such as. for instance, hydration, electri-
cal net charge, hydrodynamic size and shape, and pH-
microenvironment [7, 21, 29, 30|. In the present work we
are mainly concerned with the second type of model for
the case of CZE of peptides, where 102 experimental
effective mobilities of different peptides [14, 15] are
reconsidered and discussed in relation to a previous pub-
lication [21]. In fact, an equation for the estimation of
peptide hydration is now included in the basic model
used previously, which was designated as the perturbed
Linderstrom-Lang Capillary Electrophoresis Model
(PLLCEM) |21, 31, 32]. In this sense, it should be pointed
out that we have considered the characterization of pro-
tein, peptides, and amino acids through this model by
using effective mobility values of these analytes, avail-
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able for a given protocol. Thus, this model was improved
in a sequence of studies as a consequence of the analysis
of emerging numerical results. In fact, proteins were
studied with this model by considering the charge regu-
lation phenomenon (31, 33]. This phenomenon is rele-
vant for the descriptiDon of peptide pH-microenviron-
ment from which one estimates the pK shifts of i-ionizing
group designated ApK;, the pH near molecule pH", and
the pH near i-ionizing group indicated as pH, for
i =1...Nc. Here Nc is the number of ionizing groups in the
analyte, by also accounting for the different positions
that each one of them occupies in the macromolecular
chain. Then, when peptides were considered [21], we
found that for the small ones, rough estimates of hydra-
tion designated 6 (mass of water per mass of peptide)
ought to be included in the model to obtain the appropri-
ate size and shape of the corresponding migrating hydro-
dynamic particle; otherwise physical inconsistencies like
under- and overestimation of hydration could result
although the effective mobility value was fitted well.
This result was in part a consequence that hydration
effects in the modeling became very sensitive to the
hydrodynamic particle shape and the orientation of its
main axes. Then, for amino acids all these conclusions
were corroborated at different pH [32], where it was also
appropriate to estimate through an iterative numerical
procedure the hydration number H =38M/18, which is
defined as the number of water molecules per analyte
chain. In this way the hydration of amino acids was esti-
mated by adding each hydration number value reported
in the literature for ionizing h! and polar hf', polar h’,
and non-polar h*" amino acid residues |32, 34, 35|. There-
fore the main purpose of this work is to present the
PLLCEM in a reformulated version for peptides, desig-
nated here PLLCEM-H, where -H serves to indicate that
the hydration number is a result provided by the model
solution. Thus Section 2 provides an equation to esti-
mate peptide hydration. Section 3 presents a brief
explanation of model equations, some of them already
explained in |21, 32], which now includes hydration as
well as particle orientation in relation to the direction of
the external electrical field E.. when spheroidal particles
are considered. In Section 4, numerical results are pre-
sented for different types of peptides (representative
cases of the 102 peptides studied here) and they are dis-
cussed in relation to previous results to visualize predic-
tions of peptide hydration. Finally, in Section 5, a brief
discussion concerning the formulation of CZE models is
provided to visualize some needs for further research.

2 Estimation of peptide hydration

For the purposes of this work, peptide hydration is used
here to refer to water molecules that on the average
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migrate with the analyte, without distinction concern-
ing the nature of the bond type [36]. Based on the equiva-
lent spherical particle with an equivalent hydrodynamic
radius aj; [21], also designated Stokes radius [30], the pep-
tide hydrodynamic volume Vy = 4naf*/3 includes the
peptide compact velume V; = Mv;,fN_,‘ = 4na? /3 with a
compact radius a.. Here M is the peptide molar mass and
vp is the peptide specific volume calculated through

vp = Z _v_ where v; is the specific volume [37] and M, is
1

the molar mass of each amino acid residue composing
the peptide AAS. Therefore, the volume (Vi — V) is due
to hydration, indicating that aj; > a. [21, 38]. In addition,
since hydration is the predominant effect increasing V.
to the value Vy, an estimate of  can be obtained from a
numerical knowledge of both aj; and a. (expressed in
A=10""m) through & ~ [(a;/a.)* - 1](vp/v) [21. 38|
once the model solution provides aj;. Also vy =1 cm’/g is
the specific volume of the BGE.

For the calculations carried out in this work, estima-
tions of peptide hydration number H are obtained by
summing each hydration number reported in the litera-
ture for polar and ionizing, polar and non-polar groups
as follows:

i I Pl
H = hy_coon | Zcoom | + y_yy: IZNH; l + Iy coon

Ne
(1= | Z—coon ) + B gy (1 = | Ze_wmg ) + 3
1

{W1zi| + "1~ Z]) + 0] + B} (1)

where subscripts t and i refer to terminal groups and
side chains of residual amino acids, respectively, compos-
ing the peptide. In Eq.(1) values reported by [34] for

amino acid residues are used as follows: hy,, = 6, h,, =
7.5.hlys =45, h} =3, hiy =4, hEy =1, hE, =2, hE, =2, n"r,
=1, P =3, hi'“n=2.hg,“ =2, h}, =1.5,h{ff, 1,hN =1, hiP

=1,hF =3, 1 =0, JLE‘.;, 2, b, = 1. Other estimations
are |32| h_coon = 6. Hi_yy; = 45, Wl coon & 2+ Wy,
=2, h 3.

It is clear that the PLLCEM-H applied to peptides must
be consistent with the hydration number estimated
from Eq. (1), as described in the following section.

3 PLLCEM-H for peptides

Following previous work [21, 31|, the PLLCEM-H consid-
ers, in principle, spheroidal particle shapes, including
also the spherical one, although it may be extended to
other particles shapes. Therefore, the evaluation of pep-
tide net charge requires a knowledge of actual pK;values
of ionizing groups of side chains and ionizing terminal
-COOH and -NH; 21, 31, 32, 39|. pK; values are mainly

Www.jss-journal.com



550 M. B. Peirotti ef al.

the result of electrostatic interactions among peptide
ionizing groups and ions in the BGE, yielding a shift ApK;
in the reference pK{ reported in [21]. Therefore, the pH-
microenvironment around the i-ionizing group defines
pH;. expressed [21, 31, 32| as:

" 2 AZ, E
PH = PH' + oy T ( anre (?_ ’)

N AZ exp(—x'ry)
* j; -‘-1;;2'_ Tij ) 2)
J#

In Eq. (2), AZ; = Z; — Z where Z] is the reference charge
numbers at site j calculated with pK{, 7 is the actual
charge number at site j, and r? =~ 1.4 A is the effective
radius of the i-ionizing group. Also, kg is the Boltzmann
constant and ¢ is the electrical permittivity within the
peptide domain. Since the inverse of the screening
length is x = /2¢2N,1103/ekgT, where N, is the Avoga-
dro constant, one obtains x’ = x\/e’_ﬂ:. For peptides
¢ = g [21]. Further rj; ~ 3.84/|i —j| is the approximate
generic distance between pairs i-j of ionizing groups in
the peptide [21| and pH® is evaluated by using the mean
field approximation expressed [31] as:

) ez
In(10)kgT4r e af (1 + x af;)

where Z is the net and Zr the total peptide charge num-
ber, respectively. In order to generate a simple problem,
the peptide particle is assumed to have a surface poten-
tial provided by Henry's solution [40] and Yoon and Kim's
solutions [41] for the effective mobility of spherical and
spheroidal particles, respectively [21, 31|. Further, the
charge number of i-ionizing group satisfies [32]:
1

%= 4
L F 1070 P p) )

pH® = pH (3)

where the signs are defined according to basic or acid
properties of ionizing groups. In Eq. (4), the activity coef-
ficients y; are considered through py; = —logy; [42, 43|
and,

- 0.508Z2Vi
L 14+BVl

where B = 1.5 [44]. In Egs. (4) and (5), values of Z; are not
known a priori as a consequence of the charge regulation
phenomenon. They are obrtained iteratively through a
numerical code [32] modified here in order to introduce
Eqg. (1). Consequently, the peptide net charge is calcu-
lated through

eZ = iﬂ'ﬁi (6)

i=1

(5)

Then. to apply the PLLCEM-H with values of peptide
effective mobility p,. the other relevant equation is,
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B, = Qp (7)
where

eZ
m f(xay) (8)

- 6mnal; (1 + xaf;)

is the effective mobility of the equivalent spherical prob-
lem, and f(xaj;) is Henry's function. Further, the shape-
orientation factor £ may be in particular expressed
through the equations providing the effective mobility
of spheroidal particles. Therefore, it is readily shown
that [21, 41|

3
Q= ?Cﬂ'[i\.‘ﬂ:‘) 9)

where af; = 2aE,/In (: tg"

1-E2

af; = aEx/Cot™! -F—i for oblate spheroids, both

with axes a > ¢ and eccentricity Ex = /1 — (¢/a)*. when

< 1[21, 32, 40]. Calculations concern-

) for prolate spheroids, and

kpT
ing the approximate dimensions a and ¢ of spheroids
may be estimated as indicated in [21). They are not
required here for discussing numerical results in Sec-
tion 4, because any generic hydrodynamic particle is
already determined through parameters aj; and Q [32].
This reasoning can be extended to other particle shapes
[21), with Q thus being a quite general hydrodynamic
parameter for peptides.

The closure of the PLLCEM-H (Egs. (2) to (8)) requires
the introduction of the hydration number H of the
migrating peptide (see Eq. (1)) as relevant property associ-
ated with the particle shape. It is also worth mentioning
that in order to use Eq.(1) in the computational code
described in [21, 32] a new numerical routine has been
included which must read from an imputing file, alpha-
numeric data introducing the AAS, the amino acids
order numbers indicating their positions in the main
chain, and hydration numbers of each terminal group
and amino acid residues reported in [32, 34, 35]. This
numerical routine also includes the calculation of pep-
tide specific volume v, from the corresponding AAS (see
also Table 2).

For calculation purposes, the expressions, pKf—
pH; =pKi—pH and  ApK; = pKf — pK; = pH, — pH
= ApH;. are still valid here [31]. Therefore, ApK; of pep-
tide ionizing groups are a direct consequence of pH shifts
ApH;, which is the difference between the pH near the
ionizing group in the peptide and the pH of the BGE.

Once the values of Q and af; are known after conver-
gence criteria of the numerical code have been satisfied
[32], the resulting hydrodynamic particle shape and ori-
entation may be fixed by considering that in particular
spheroidal particles migrate with an average value
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<C> = aC// + C*(1 — a). Coefficients C// and C* are pro-
vided in [41]. where 0 < a <1 indicates the degree of the
collinear particle orientation defined by its revolution
axis with the applied electrical field direction, as
described in [21]. Further, when all spheroidal particle
orientations are equally probable, one gets a = 1/3. Never-
theless, these charged analytes have an electrostatic
interaction with E, having a tendency to bias Brownian
motion (see also [38]). This is one of the reasons for
obtaining values a #* 1/3 in [21]. For spheroidal particles,
the angle 0 formed between the spheroidal axis of revolu-
tion and the direction of the electrical field E, may be
estimated from a. Therefore, a = cos® 0 and 1-a = sin* 0
on the average, and hence 0 = 55° for a = 1/3. As a conse-
quence of this result, for 0 > 55° or a < 1/3 the mobility
tensor component that predominates in the spheroidal
migration is C*. The opposite situation is also true for a >
1/3 and 6 < 55°.

4 Numerical results and discussion

The PLLCEM-H formulated in Section 2 was used to study
the effective mobility of 102 peptides reported in [14, 15]
for a running BGE with pH 2.5 and I =35.3 mM at 22°C.
In this sense, a relevant result is that the PLLCEM-H pro-
vides peptide hydrations within the range 0.27 < 5 <0.96
for all the cases studied here, among other peptide prop-
erties. Thus this range of values is in good agreement
with that expected for peptides and proteins evaluated
through other techniques [36, 38| Further, when the
PLLCEM was used in [21] with the nine peptides reported
in Table 1 here, out of the 102 studied, the hydration val-
ues obtained were rather overestimated because the par-
ticle shape was constrained to be spherical (2= 1). Now,
when the PLLCEM-H is used for the same peptides by
allowing also particle shapes different from the spherical
one (€ =# 1) hydration values are within the physical
range placed above, as illustrated in Table 1. These
results are important in the sense that the PLLCEM-H is
able to provide the peptide hydration number H = 6M/18
through an iterative numerical process that considers
the interplay between hydration and shape-orientation
factor, equivalent hydrodynamic radius, and net and
total charge numbers. The appropriate estimation of
hydration is crucial for the modeling of peptide effective
mobility because the hydrodynamic friction of the corre-
sponding migrating particle is associated with both pep-
tide molar mass and immobilized water, including water
molecules having high residence times around the pep-
tide on the average.
Important numerical results found in general with the
102 peptides studied here, when the spheroidal particle
shape is considered, are as follows: (i) The shape-orienta-
tion factor is approximately greater than one (2 > 1.05,

© 2008 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

Electrodriven Separation 551

Table 1. Comparison of numerical hydration predictions with
the PLLCEM (2 = 1) and the PLLCEM-H (Q % 1), for typical
peptides reported in [21].

AAS PLLCEM  PLLCEMH
) Q 5

HMTEVVRHCPHHER 217 070 047
FLTPKKLQCVDLHVISNDV- 244 065 039
CAQVHPQKVTK

HQINMWQEVGKAMYAPPISG- 309 057 035
QIRRIHIGPGRAFYTTKN

HMTEVVRRYPHHER 205 071 046
RTHCQSHYRRRHCSR 310 060 045

DRVIEVVQGAYRAIRHIPRRIRQ-  5.59 0:4? 0.37
GLERRIHIGPGRAFYTTKN

CRHRRRHRRGC 4.08 0.51 0.47
KKKKK 262 0.76 0.86
CRHHRRRHRRGC 4.81 0.52 0.47

with a major tendency to migrate via C// at 6 < 55°) for
peptides having around 212 < M <600 g/mol and Zy < 3.5.
These results are validated for 26 peptides with molar
masses in this specified range of values. (i) The shape-ori-
entation factor is approximately less than one (2 < 0.95,
with a major tendency to migrate via C* at 6 > 55°) for
peptides having around 650 < M < 4500 g/mol. These
results are validated for 66 peptides with molar masses
in this specified range of values. Furthermore, from
numerical results it is observed once more that the
shape-orientation factor has a tendency to decrease with
high values of Z;. In this group, a few peptides, coded
with numbers 55 and 58 to 64 reported in [21], tend to
yield €2 close to or less than 0.5. These particular peptides
have a rather high total charge and the Debye - Hiickel -
Henry hypothesis starts to be a coarse approximations
(see also below).

Table 2 presents typical peptides studied in this work,
extracted from the 102 ones, to visualize better through
parameters aj;, Z, Zr, pH", Q, H, M, and v,, the discussion
concerning the two peptides groups described in points i
and ii above. Further, it is observed that only around 9
peptides, coded with numbers 1, 8, 10, 19, 46, 47 57. 77,
and 81 reported in |21, may be considered as spherical
particles with around 0.95 < Q < 1.05, having into
account that small numerical round off and experimen-
tal errors may place them into either groups of points i
or ii described above.

Another study carried out in this work was that con-
cerned with the validation of Debye-Hiickel-Henry
approximations for spheroidal particles, which were
introduced through the model formulation. As defined
and described previously for spherical particles [31], here
the coordinates provided in [45] are used again. Now they
are expressed Y = 3p.en/(2Qf (xaf;)eksT). X = e{/(ksT)
and P = xaf;, which are modified to apply them to spher-
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Table 2. PLLCEM-H numerical predictions of physicochemical parameters for typical peptides reported in [21], ordered here with

increasing molar masses.
AAS (10 *m* M Q ay Z Zy pH* H vy
*V''+s7) (g/mol) (A) (cm’[g)
AAA 1.543 21330 138 5.29 0.89 1.11 2.89 11.44 0.79
FD 1.300 280.20 1.23 5.27 0.84 1.17 2.87 1009  0.68
YY 1.210 34440 1.18 5.72 0.90 1.10 2.86 12.91 0.70
ANSK 2.091 41824 1.1 6.18 1.81 2.19 3.16 17.24 069
PARR 2.765 49824 1.06 6.52 2.71 3.29 3.41 1818 075
HMTE 1.891 51524 1.06 6.38 1.79 221 3.12 17.36  0.67
YGGFL 0.975 555.40 1.07 6.34 0.91 1.09 2.82 12.88 075
RPPGF 1.836 572.60 1.06 6.62 1.83 217 3.11 17.18 0.74
GIGAVLK 1.550 656.37 0.94 6.93 1.84 2.16 3.07 1814  0.79
KLVVVGADGV 1.313 956.20 0.94 7.69 1.79 221 299 23.27 076
NSFCMGGMNRR 1.830 127250 0.89 8.05 2.79 3.21 3.21 2433 069
VLTTGLPALISW IK 1.050 1508.68 0.85 8.81 1.88 2,12 2.93 3097 078
FIGITEAAANLVPMVATV 0.473 1813.85 0.84 9.18 0.91 1.09 2.69 3288 075
KSSQYIKANSKFIGITE 1.705 1911.81 0.77 951 3.73 427 3.26 4461 0.72
VPYEPPEVGSVYHHPLQLHV 1.532 229760 0.77 10.15 3.69 4.30 3.19 54.77 072
FLTPKKLQCVDLHVISNDV- 1.868 3390.10 0.65 11.46 6.25 7.74 3.49 7354 073
CAQVHPQKVTK
HQIINMWQEVGKAMYAPPISG-  1.753 448120 057 12,43 7.51 8.49 3.55 88.01 0.73
QIRRIHIGPGRAFYTTKN

oidal particles, or any generic particle. In fact, coordinate
Y is corrected by the factor Qf (xaf; ), to be still able to use
the numerical values reported by these authors for the
spherical shape. These coordinates indicate the range
where Debye-Hiickel-Henry approximations apply.
Thus peptide experimental value p,is introduced into Y,
to obtain the corresponding X value, which provides the
admissible particle net charge and electrical potential (.
Within this framework, we found that peptides coded
with numbers 55 and 58 to 64 reported in [21] and
already considered above, yield rather approximate
results due to the high values of total charge number in
relation to molar mass. These peptides also have rela-
tively high values of electrical potential and three of
them yield too low shape-orientation factors (Q < 0.5),
indicating consistently with the discussion above that
the Debye-Huckel-Henry approximations start to be
invalid with relatively higher values of coordinate X.
Since CZE is an analytical technique, it is clear that val-
ues X, Y, and P calculated with the help of the PLLCEM-H
are relevant to visualize the more useful zone of experi-
mentation described by Y = X, X < 2.5, and P < 3, thus
avoiding undesired complex phenomena of peptide
migrations [31, 40, 45]. In fact, for higher values of X and
P, significant ion polarization-relaxation may appear.
Another relevant consideration is that for low  of spher-
oidal particle shapes [41], additional undesired phenom-
ena in this analytical technique may be found depending
on peptide size, by producing non-monotonic effective
mobility variations as a function of the product xc.
Within this context of analysis, it is clear that the
PLLCEM-H allows visualization of the onset of phenom-
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Figure 1. Shape-orientation factor values of 93 peptides
having Q #+ 1, distributed along the near linear relationship
between the net Af= Z/N and total f= Z:/N change number
fractions, at pH 2.5.

ena that may mask the easy interpretation of effective
mobility data from CZE.

From the above analysis and the results found in this
study, one observes a quite complex interplay among
peptide hydration number H, charged numbers Z and Zr,
and shape-orientation factor Q, which are quantified
through the PLLCEM-H. Further, parameter €2 is crucial
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to distinguish different peptide hydrodynamic confor-
mations as they are sensed from CZE.

It is also relevant to visualize from Table 2 that values
of pH" are greater than the pH of the BGE, consistently
with the charge regulation phenomenon described
through Eqs. (2) and (3). For the most charged particles,
ApH;, increases, giving also high ApK,. Thus, the evalua-
tion of pH-microenvironment around the migrating par-
ticle is required to quantify the actual peptide net
charge.

Finally, it is interesting to show through Fig. 1 that val-
ues of the shape-orientation factor of peptides are distrib-
uted along the quite linear relationship between the net
Af=2/N and total f=Z;/N charge number fractions, at
pH 2.5. It is observed that peptides with Q < 1 are placed
mainly at relatively low values of Af and f. Nevertheless,
the interplay between charge fractions and shape-orien-
tation of peptides seems to be rather complex.

5 Proposal for further research and
concluding remarks

It is not simple to explain definitely why peptides con-
form to the hydrodynamic shapes described above when
spheroidal particles are considered, and when simple
considerations of peptide AAS are analyzed. Probably
additional information concerning other phenomena
such as hydrophobic interactions accounted for through
the peptide compact volume must be included. It is also
clear that the selection of a type of hydrodynamic shape
such as spheroidal particles may still not be enough to
represent hydrodynamic particles like those found in
actual highly charged complex peptides. The spheroidal
particle model is observed to present only two axes of
symmetry, and hence the mobility tensor has two com-
ponents, while in more general cases the three diagonal
components of this tensor may be required to represent
the actual peptide shape. At present the PLLCEM-H
requires the elucidation of a better interpretation of
parameter € in terms of peptide microstructure, apart
from the possibility that more complex shape particle
models may be required at this level of detail.

In only few cases can the spherical shape be assumed
to be representative of the peptide hydrodynamics. This
conclusion, of course, suggests that the particle shapes
should not be inputted arbitrarily because the peptide
shape must be consistent with numerical estimations of
hydration numbers as indicated along this work.

List of symbols

a major axis of spheroidal particle

ay, equivalent hydrodynamic radius or Stokes
radius
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radius of equivalent compact sphere

minor axis of spheroidal particle

particle mobility parallel to direction of the
applied electric field normalized with the
asymptotic Smoluchowski mobility

particle mobility perpendicular to direction of
the applied electric field normalized with the
asymptotic Smoluchowski mobility

average particle mobility normalized with the
asymptotic Smoluchowski mobility

elementary charge

applied electrical field

spheroidal particle eccentricity

total charge fraction of peptide

Henry's function

peptide hydration number

hydration number of amino acid residues, Sub-
script i indicates amino acid type

hydration number of polar amino acid resi-
dues.

hydration number of the non-polar amino acid
residues.

hydration number of ionizing amino acid resi-
dues

hydration number of ionizing and polar amino
acid residues

ionic strength

Boltzmann constant

peptide molar mass

molar mass of i-amino acid residue

total number of amino acid residues in peptide
total number of ionizing groups in peptide
Avogadro constant

pH of BGE

pH near molecule

microenvironment-pH around the i-ionizin
group in peptide :
actual pK value of i-ionizing group in peptide
pK value of ionizing groups in the reference
state

effective radius of the i-ionizing group in pep-
tide

generic distance between pairs of i and j ioniz-
ing groups in peptide

absolute temperature

peptide specific volume

BGE specific volume

specific volume of i-amino acid residue

peptide hydrodynamic volume

peptide compact volume

peptide net charge number

charge number of i-ionizing group in peptide
reference charge number of i-ionizing group in
peptide

peptide total charge number
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Af net charge fraction of peptide

ApH;  difference between pH, and pH

ApK;  difference between reference pK{ and actual
PKi

AZ; difference between charge number Z; and refer-
ence charge number Zj

a degree of collinear particle orientation

& peptide hydration

€ BGE electrical permittivity

4 electrical permittivity within the peptide
domain

Q shape-orientation factor

¥ thermodynamic activity coefficient of i-ioniz-
ing group in the peptide
inverse of the screening length

K inverse of the screening length within peptide
domain

0 angle between spheroidal axis of revolution
and direction of electrical field

n BGE viscosity

u electrophoretic mobility of equivalent spheri-
cal particle

Hp effective electrophoretic mobility

{ particle zeta potential
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