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1 Introduction
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Estimation of global structural and transport
properties of peptides through the modeling
of their CZE mobility data

Peptide electrophoretic mobility data are interpreted through a physicochemical CZE
model, providing estimates of the equivalent hydrodynamic radius, hydration, effective
and total charge numbers, actual ionizing pK, pH-near molecule and electrical permit-
tivity of peptide domain, among other basic properties. In this study, they are used to
estimate some peptide global structural properties proposed, providing thus a distinction
among different peptides. Therefore, the solvent drag on the peptide is obtained through a
characteristic friction power coefficient of the number of amino acid residues, defined
from the global chain conformation in solution. As modeling of the effective electro-
phoretic mobility of peptides is carried out in terms of particle hydrodynamic size and
shape coupled to hydration and effective charge, a packing dimension related to chain
conformation within the peptide domain may be defined. In addition, the effective and
total charge number fractions of peptides provide some clues on the interpretation of
chain conformations within the framework of scaling laws. Furthermore, the model
estimates transport properties, such as sedimentation, friction and diffusion coefficients.
As the relative numbers of ionizing, polar and non-polar amino acid residues vary in
peptides, their global structural properties defined here change appreciably. Needs for
further research are also discussed.
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peptides separated in CZE runs. The model target is to fit or
predict the effective electrophoretic mobility data of these

CZE is a successful analytical technique devoted to the
separation of both electrically charged macromolecules and
small ionic species. In this framework, peptides have been
intensively studied together with the proposal of optimal
running protocols and new experimental setups (see [1-4]
and citations therein). Interesting is the fact that different
types of models to interpret effective electrophoretic
mobility data may provide additional physicochemical
properties and structural characterization of these analytes
[5-15]. Thus, the problem in general is formulated as
follows: given basic running protocols with well-specified
solvent bulk pH, ionic strength I, temperature T, electrical
permittivity € and viscosity 1, together with peptide molar
mass M and amino acid sequence (AAS) of N amino acid
residues, a model based on well-established physicochem-
ical theories and true properties is desired to characterize
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analytes, resulting in numerical values of basic physico-
chemical properties. Then, they are used to infer global
structural properties associated with the physics of peptide
chains in dilute solution. In this framework, there are CZE
models for peptides and proteins in the literature, covering
different aspects and phenomena with varied degrees of
complexity [5, 8-11, 13-20]. By considering these works on
the subject concerning either asymptotic analytical solutions
and complex computational works, here we propose to
add some theoretical developments to our previous studies
[10, 13], involving the simple Perturbed Linderstrom-Lang
capillary electrophoresis model (PLLCEM), which has been
applied previously to amino acids, peptides and proteins.
The description and development of this model may be
found in detail with appropriate hypothesis and limitations
in [18-20]. In particular, this model allowed us to carry out
studies of peptide characterizations through the “inverse
problem” [10, 13], where the effective mobility was provided
as one of the input data and then some basic peptide
physicochemical properties were predicted.

At present, it has been recognized in the literature
[21-24] the need to provide global structural properties of
peptides and proteins apart from their local structural data
usually obtained through NMR, circular dichroism and
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X-ray crystallography in conjunction with the AAS. While
these techniques determine the occurrence of specific
secondary structural motifs, such as o-helixes, B-strands,
reversed turns, random coils, efc., one also expects to obtain
global shape descriptors as well as the estimation of useful
transport properties of these biomacromolecules. Therefore,
in relation to details of biological relevance, it is expected
that the definitions of global structural properties of
peptides must be sensitive to their microstructure, involving
the complex distribution of possible secondary conforma-
tions, which in turn are a result of both the AAS and the
solvent type, where these chains are immersed [25-27]. It is
also important to visualize here that peptides in solution are
electrically charged hetero-chains (N amino acid residues
randomly distributed in a chain building up a biopolyam-
pholyte), where one finds an interplay among different side
groups involving hydrophobic, dispersion and electrostatic
forces, within a hydrated microenvironment of weak-bonded
water molecules. It is then clear that these macromolecules
present additional conformational complexities in relation
to those found in synthetic uncharged and polyampholytic
homo-chains and block-chains, for which global structural
properties are better established (see, for instance, [28-31]
and citations therein).

Therefore, within the prediction capability of the
PLLCEM, the present study is concerned with the estimation
of some global structural properties of peptides defined and
derived here from the basic physicochemical properties
provided by this model. These structural properties, defined
below in Section 2, are associated with the peptide electrical
state, such as the effective charge Ac and total charge o
number fractions [29, 31]. Other global structural properties
resulting from peptide average chain conformations and
hydrations are the packing dimension g, of the chain within
its hydrodynamic volume Vy, and the friction power coeffi-
cient gr, to which N is raised to obtain the average solvent
drag on the chain (peptide friction), both defined in Section 2.

Therefore, the present study is organized as follows.
Section 2 describes briefly the main PLLCEM numerical
outputs, which allow then a presentation of global structural
properties defined here. Section 3 discusses this type
of peptide characterization with specific case studies. In
addition, estimations of peptide transport properties,
such as average sedimentation s, friction f and diffusion
D coefficients are provided. For this purpose, a set of 102
peptides studied via CZE at pH 2.5, T=22°C and
I=35.6mM, and reported previously in the literature [32,
33] was selected here. Needs for further research are also
proposed to deepen the development of global structural
properties of peptides.

2 Global structural and transport
properties of peptides

From the PLLCEM relevant basic peptide properties may be
evaluated [13, 20], such as positive Z., negative Z_, effective
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Z =|Zy|—|Z_| and total Zr = |Z+|+|Z_| charge numbers,
and Stokes or equivalent hydrodynamic radius ay, defining
the total hydrodynamic peptide volume Vi = 4ma3, /3. This
volume is decomposed into the peptide compact volume V.
= Mv, /Ny =4na?/3 with compact radius a. and the
hydration volume V,,. Here, Na is the Avogadro constant,
M the peptide molar mass and v, the average peptide-specific
volume calculated through v, = SN, (Myv;/M)[13], where v;
is the specific volume and M; the molar mass of each amino
acid residue composing the AAS. As ap>a. due to the
water associated with the peptide [10, 13], an estimate of
hydration & (water mass/peptide mass) is obtained from
8~ [(an/ac)® — 1](vp/vw)[13]. Here, v,, is the specific volume
of the protocol solvent. In addition, estimations of peptide
hydration number H = 3M/18 (number of water molecules
per peptide chain) are obtained by summing each hydration
number of ionizing, polar and non-polar groups [13, 19]
(these last expressions establish the PLLCEM convergence
criterion [19, 20]). In addition, this model provides the pK;
values of ionizing groups yielding a shift ApK; in the
reference pK] reported in [34] as a result of the charge
regulation phenomenon present in these particles [18, 35].
Therefore, the pH microenvironment pH; around the i-
ionizing group is also numerically available [19]. This pH;
is a function of the mean field pH*, designated the near-
molecule pH, and the electrical permittivity within the
peptide domain €' (see the numerical procedure in [20] for
their estimations). In this framework, the frequent assump-
tion &’ ~ ¢ is substituted by the expression &' = &5/(1+8)+¢,/
(1+39), which uses the particle hydration as the weighing
parameter between peptide €, [36] and solvent & electrical
permittivities.

Therefore, to apply the PLLCEM to a peptide by input-
ting its effective mobility p,, the other relevant equation is
pp=Qu [13], where p = eZf(xan)/6nnau(l+xay) is
the effective mobility of the equivalent spherical problem,
f(xay) Henry’s function, k = \/2e?NaI10°/ekgT the
inverse of the screening length and kg the Boltzmann
constant. In the expression for p,, the shape-orientation
factor Q = 6mnay/f[10] associated with the particle shape
and orientation density distribution function may be further
modeled, for instance, through equations providing the
effective mobility of cylindrical or spheroidal particles
[10, 13, 20]. In this particular aspect, the peptide friction in
the electrophoretic movement is modeled through a particle
that preserves the hydrodynamic volume Vy = V.+V,
having also the right f achieved through the characteristic
particle shape. This specific point was first described and
discussed in [37] with some detail for globular proteins via
empirical estimations of 8, and at present relevant works
have also emerged, with particular emphasis to describe
computationally the closer surface shape that relates to the
actual furry protein shape in solution as inferred from NMR
and X-ray crystallographic experiments [16, 38, 39]. For the
particular case of peptides, an interesting proposal is the
bead chain model [11, 14], where the sizes of amino acid
residues are considered. Within the PLLCEM framework,
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the basic characterization of peptides and proteins is
obtained, as a first approximation, directly with parameters
Q and ay [13, 20] and the charge state defined through Z and
Zr, allowing then the application of an appropriate chain or
particle model that is compatible with the average value of
the peptide friction (the average orientation of the main
particle axis is included in Q [13]). It is then clear that in the
context of the “equivalent spherical model” [10, 13, 20],
several hydrodynamic particles may be adopted and deter-
mined through parameters ay and Q. Although in the
previous works [10, 13, 20], the PLLCEM considered cylind-
rical and spheroidal particle shapes, here we also express the
peptide friction through the friction power coefficient
defined below. Furthermore, despite the numerical proce-
dure used in the PLLCEM has been provided and discussed
in [10, 13, 18-20] for both peptides and proteins, in the
present Supporting Information, freely available through the
link provided by the journal, one may find a list of all
symbols used here and a summary of the main steps
involved in the numerical procedure of this model.

From the above framework, several peptide global
structural properties may be introduced now. The analysis
of peptide packing within the hydrodynamic volume defined
through ay requires the consideration of the average
monomer radius a, = 3.1, a;/N [20] (different monomers
forming the hetero-chain are considered), where each
amino acid residue has a radius a; = {3v;M;/(4nN,)} .
Therefore, by observing that one unit of equivalent hydro-
dynamic radius ay is equal to N units of amino acid resi-
dues with average radius a,, the chain packing dimension g,
may be expressed as [20, 40],

g =log N/log(ay/a,) <3 (1)

For g, = 3 the peptide compact volume results, with a;; = a.
and 8 =0. Thus, in general, values of ay and g, carry in
some degree condensed peptide structural information for
further analysis.

The average peptide friction is f = 6nna,N¥, indicating
that gr <1 [28, 41]. Thus, the maximum peptide friction is
achieved for gr = 1, when a free draining chain in creeping
flow with negligible intra-chain hydrodynamic interaction is
considered [28]. Furthermore, when hydrodynamic interaction
among chain units is present 1/3< gr <1 for both electrically
neutral and charged chains [30, 31]. These limit values for
either the neutral homo-chains and the polyampholyte hetero-
chains (peptides) are obtained through different mechanisms.
In the former chains, they relate mainly to the effect of solvent
quality and temperature, while in the later ones, they are due
significantly to the electrical state of particles for a given
solvent and temperature [29-31].

Therefore, from the expressions for Q and f, one readily
shows that

1 logQ
8 _gilogN 2)

Equation (2) indicates that for spherical particles, and to a
good approximation for aspherical particles with a random
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flight orientation distribution function of their major
axes (Q~1) [13, 20], the power friction coefficient satisfies
gr=1/gp, which are particular cases and the less frequent
ones, as shown below. In addition, for ideal chains grx1/2,
while for globular polyampholytes when fluctuation-attrac-
tive electrostatic interactions are relevant (or when the
solvent is poor for neutral chains) gr ~ 1/3 [30, 31, 42],
yielding a collapsed globule conformation. For self-avoiding
random polyampholytes, gr = 3/5 (see below).

Additional global structural properties considered here
are those associated with the peptide electrical state, such as
the effective Ao =|Z|/N and the total o = Zy/N charge
number fractions. The importance of these global properties
is that for chains in dilute solution free of salt, they satisfy
simple scaling relationships [29, 31], suggesting four
possible global chain conformational states for poly-
ampholytes in general (peptides in this study). As the
PLLCEM provides gr, here we modify these scaling rela-
tionships by introducing the chain gyration radius R~
aoN# into the Debye radius due to charges, expressed as
D~ (R3/lBNG)1/2, and defined in [29, 43]. Therefore, the
following ranges of coordinates Ac and o delimiting
different chain conformational states are obtained:
(i) Ac</uNU1-8/2 and 5<1/uN""8)(random coil); (ii)
Ac<,/c/N and o> 1/uN(1_g‘)(collapsed globule); (iii)
Ac>1//uN18/2 and Ac>u*c!, when o<1/uN{1-&)
and 6>1/uNU-8), respectively (polyelectrolyte), where x =
1/2(1 - g) and y = (1 - g/2)/(1 - g); (i) V&/VN<Ao
<u*c? for o>1/uNU-%) (necklace chain, for poly-
ampholytic homo-chains and “hybrid chain” when amino-
acid-composed polyampholytes, like peptides, are consid-
ered). Parameter u = Iz /L [29, 31, 43] compares the Bjerrum
length Ip = €?/4negkp T with the characteristic scale L
associated with chain flexibility (typically L = 2a, and eg ~ €
or ¢ for each peptide, as provided by the PLLCEM; alter-
natively L~ 3.8 A, which is the distance between consecutive
C, in the backbone chain). When the solvent includes salt,
one should expect a Coulombic screening effect for both the
fluctuation-attractive electrostatic forces promoting the
collapsed globule conformation and the electrostatic repul-
sion forces approaching the chain toward the polyelectrolyte
conformational state. It should be observed that the
experimental protocol used here has a solvent quite low in
salt. These relationships together with the chain packing
dimension and friction power coefficient may provide rele-
vant insights concerning the microstructure of peptides
(Section 3).

It is appropriate to point out here that the global struc-
tural property gr and the scaling relationships presented
above are applicable to peptides with relatively high N as a
consequence of using the chain gyration radius R. Despite
this important constraint, we decided to apply them also to
small peptides (say N<9) within the 102 peptides studied via
the PLLCEM. The purpose was to visualize the limits of the
results obtained here as discussed below.

Finally, peptide transport properties may be evaluated
with numerical values Q and ay, as provided by the
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PLLCEM at the running protocol conditions through the
following expressions,

f =6mmay/Q 3)
s=QM(1 — vp/vy)/{6mnauNa} (4)
D= kBTQ/G‘I[nllH (5)

where the effect of the shape-orientation factor, apart from
the hydrodynamic radius, may also be visualized. In parti-
cular, only for near spherical particles, and to a good
approximation for aspherical particles with a random flight
orientation distribution function [13, 20], D o ag' because
Q ~ 1. Furthermore, as the scaling law of the intrinsic
viscosity satisfies [n], oc N#, the Mark-Houwink exponent
A~ 3gr—1 presents a quite complex relationship with
physicochemical parameters included in Eq. (2), when
peptide chains are considered. Thus, Q introduces an
additional effect on [n], that accounts for chain packing
dimension and average particle orientation (see below).

3 Results and discussion

The PLLCEM was applied to the set of 102 peptides with
2<N<42, as proposed in Section 1, to obtain their basic
properties Z, Zr, ay, Q, 3, ¢’ and v, provided by this model.
Therefore, Eqs. (1)—(5) were used to evaluate the peptide
global structural and transport properties. These numerical
results are available in the Supporting Information (see
Tables 1-3, where each peptide is coded with a number).

In general, results show that the electrical permittivity
in the peptide domain is much lower than that of the solvent
(e/€0 ~ 80) as expected [36]. For these peptides, it varies in
the range 20<¢'/e, <46, where g, is the electrical permit-
tivity of free space (Supporting Information Table 1). Thus,
¢ must be determined for each peptide AAS, avoiding in
principle the use of a unique and rather arbitrary value [20]
(see also [36]).

Apart from the basic properties, the meaning of which
were already described in the previous studies [10, 13], an
interesting aspect depicted in Supporting Information Table
1 is that peptide chain packing dimension tends to g, ~ 2.7,
when N increases substantially. This value was already
found for some globular proteins, as reported in [20]. When
9<N<42, for the peptides studied here 2.38<g,<2.70. On
the contrary, this chain packing dimension falls to values
smaller than 2.37, when 2<N<7. These results suggest
that smaller peptides would become more linear than those
larger ones with spatial amino acid distributions similar to
those of proteins. As the estimation of g, also requires the
knowledge of ay and a, which are strongly coupled to
charge numbers, hydration and peptide AAS, here the
charge fractions Ac and o are also considered, primarily for
peptides with N>9, through the scaling relationships
provided above. Thus, it is found in general (Supporting
Information Table 2) that peptides 25-27, 30, 64, 65, 67, 91
may have either globule or random coil conformations,

© 2010 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

J. Sep. Sci. 2010, 33, 2423-2429

depending mainly on the electrical permittivity used (¢ or €)
and the approximate scale adopted (L~3.8A or Lx2a,),
which in turn is a measure of chain flexibility. These
peptides have in common Z<+/Zr, indicating that the
condition for the destabilization of the globule state does not
satisfy the Kantor-Kardar relationship expressed above
through the equivalent equation Ac <+/c/N [44, 45]. Even
in the case of peptides with lower number of amino acid
residues (N<9) and still with Z<+/Zt, conformational
calculations indicate that small peptides behave like rather
linear particles (1.16< g, <2.37) with either globule or
random coil conformations; depending again on the scale
value L used to quantify the peptide flexibility and the
environment electrical permittivity considered. Further-
more, it should be also observed that peptides 24, 62, 68, 70,
71, 73,75, 82, 84, 85, 94, 95 have N<9, but they satisfy the
relationship Z > \/Zr, yielding a tendency to be in the
hybrid and polyelectrolyte conformational states. In fact,
these peptides have an effective charge fraction high enough
to suffer destabilization, avoiding the random coil and
globule conformations.

The remaining peptides studied here with N>9 present
hybrid and polyelectrolyte conformations according to the
scaling relationships described above and the typical scale
numbers adopted in Supporting Information Table 2. This is
a clear consequence that this peptide group satisfies
Z>+/Zt and the destabilization from their globular or
random coil conformations applies. Consequently, one finds
effectively that peptide conformations are quite sensitive to
their electrical charge state. Interesting is that peptides with
hybrid conformations and relatively high N also present
spatial distribution of amino acid residues with high g,
indicating that they are not in a linear packing. These results
would suggest that the tendency of peptide to form secondary
structures may be quite associated with hybrid conforma-
tions, taking also into account that they approach the chain
packing dimension found for proteins [20]. Furthermore, our
conjecture is that for high N, peptide collapsed globule may
also present secondary structure mainly as it occurs in
proteins. In this sense, the transition of the hybrid/globule
conformational states becomes quite important.

It must be pointed out here that the scaling relation-
ships concerning charge number fractions Ac and & shall
be applied to each peptide without comparing their relative
values with peptides of different N and AAS. In fact, the
scaling relationships describing the range, where each one
of the four global peptide conformational states exists, is
sensitive to both N and u. For instance, Fig. 1 shows Ac as a
function of & for peptides with N =17, and an average value
of u to use the same plot. Furthermore, when a peptide has
coordinates Ac and & too close to the line dividing two
conformational states, the possible conformations are indi-
cated separating them through a slash in Supporting
Information Table 2. Thus, one should observe here that all
scaling calculations provide a simple means to extract the
essential physics but do not precisely determine numerical
coefficients [30].
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Figure 1. Effective charge number fraction Ac as a function of
total charge number fraction o, for peptides with N=17
(Supporting Information Tables 1 and 2). Symbols are numerical
predictions with the PLLCEM. Full lines delimit the four zones of
chain conformational states. In addition, L~3.8A and
£~ 7.07 x 107" F/m. The average value g; ~ 0.465 of this peptide
group is used to place the data in the same plot.

In Supporting Information Table 2, values of gr are
reported. For N >9, numerical results yield 0.38< g
<0.69, and when Z > +/Zt, some hybrid conformations are
at 0-condition with gr ~ 1/2 (interesting is the fact that
they are not necessarily random coil polyampholytes). This
range of values is in remarkable coincidence with
the expected theoretical ones described in Section 2,
showing the importance of knowing the peptide electro-
phoretic mobility via CZE. Furthermore, high values
of gr indicate that hybrid peptide conformations include
hydrodynamic interactions in the regime of “good
solvent” and that, under these circumstances, they behave
globally as random self-avoiding chains. On the contrary,
one should observe that for gr < 1/3, the Mark—-Houwink
coefficient A is zero (or eventually negative for quite
low N), indicating that this power law relationship does not
apply in these situations and the condition of compact
particles or chain globule is obtained. It is also interesting to
observe that the shape-orientation factor is relevant in the
evaluation of gr (Eq. (2)). In fact, independently from the
conformational state, aspherical peptides with Q>1 tend to
migrate with their major axis more parallel to the applied
electrical field [13, 20], thus decreasing gr (less free draining
chain), while the opposite is true for Q<1 because the
major axis of aspherical particles migrates more perpendi-
cular to the flow direction getting higher g (more free
draining chain). Furthermore, as long as one may extra-
polate results to low N, it is found that dipeptides 1, 3, 16
(Supporting Information Table 2) are pertinent to this
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analysis, where the gr values are rather high in relation to
the other dipeptides. For instance, peptide DD (in
Supporting Information Tables 1 and 2) has a quite low
value of packing dimension (aspherical linear chain) with an
average orientation of the principal axis of around 55°
(Q~1) [13, 20], thus exhibiting significant free draining
effects (gr ~ 0.74) as expected from Eq. (2). More generally,
one should find the higher values of gr for peptides having
rather linear packing dimensions (low g,) and average
orientation of the major particle axis more perpendicular to
the flow direction (Q<1) [13], what is consistent with basic
hydrodynamic concepts of creeping fluid flow around
particles.

The interplay between peptide packing dimension and
shape-orientation factor is also relevant in relation to the
Mark-Houwink relationship in viscometric analyses of
polyampholytes (which must be applied for different N). In
fact, this scaling law may not be applicable when these
global properties are not considered specifically at each
value N. More precisely, for polyampholytic chains, it is not
simple to evaluate each packing dimension and shape-
orientation factor via viscometry, when N is varied. This
aspect could explain the difficulty found frequently to use
effectively the Mark-Houwink relationship with some
electrically charged chains in dilute solutions, apart from
the well-known effect of a variable I with polyampholyte
concentration [40].

It should be clear that the PLLCEM is valid for
cases in which the phenomenon of ion relaxation is small
and may be neglected (Debye-Hiickel-Henry approxima-
tions are introduced). Thus, in this model, one expects to
use values of the effective electrophoretic mobility data
and protocols compatible only with the approximate
ranges of the following dimensionless coordinates:
Y = 3p,me/(2Qf (xan)ekp T) <2.5, X =e{/(kpT)<2.5 and
P =xay <3, with Y = X as reported previously and also
fully discussed elsewhere [13, 20]. When these constraints
are not satisfied, the distortion of the counter-ion cloud
around the migrating particle is found causing a reduction
of the effective mobility. lon relaxation deserved intensive
research in the literature ([16, 17] and citations therein).
Consequently, here we point out that around 10 peptides
output data (peptides 66, 69, 72-78) obtained with the
PLLCEM and reported in Supporting Information Table 1,
are considered approximations to more realistic results
because their coordinate X values are around the acceptable
limit due to their relatively high effective charge numbers.
From this table, one finds that the 102 peptides studied in
this work have 0.8 <Z<16.

Finally, we decided to illustrate the estimation of the
diffusion coefficient of the 102 peptides in Fig. 2
(Supporting Information Table 3). These values compare
well with those reported by other authors [11, 12]. Here, full-
line curves depicting D as a function of ay; show how the
shape-orientation factor Q varies from one peptide to
another. Thus, in general, one observes that the hydro-
dynamic radius is not enough to quantify the diffusion
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Figure 2. Average diffusion coefficient D as a function of peptide
hydrodynamic radius a4y and shape-orientation factor Q
(Supporting Information Table 3). Symbols are numerical
predictions with the PLLCEM of the 102 peptides studied here.
Full lines indicate curves for constant shape-orientation factors.
Line with Q~1 refers to spherical particles, and to a good
approximation to aspherical particles with a random flight
orientation distribution function of their major axes.

coefficient of peptides, at least one can assure that the
hydrodynamic particle resulting from the composition of
the chain and associated water molecules has Q~1, satis-
fying the particular conditions pointed out above. In addi-
tion, it was observed that diffusion coefficients reported via
CZE may be weakly affected by the orientation of the
particle due to the applied electrical field. Thus, diffusion
coefficients obtained via CZE differ slightly from those
values found via sedimentation coefficients, where a
random flight orientation distribution function, in principle,
may be applied [13, 20].

4 Concluding remarks

From the basic physicochemical properties of peptides
obtained with the PLLCEM, it is possible to define global
structural and transport properties that are closely related to
their chain conformations in the peptide hydrodynamic
volume. It is showed that the packing dimension, the
friction power coefficient and the charge number fractions
provide clues about the presence of secondary structures in
peptides. In this sense, scaling relationships are helpful to
indicate different chain behaviors mainly when the number
of amino acid residues is relatively high. Thus, we may
obtain the tendency to a given conformational state having
as a reference the Kantor—Kardar line relating the effective
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and total charge number fractions, together with the
packing dimension (linear to spatial distributions of amino
acid residues) and the friction power coefficient (chain free
draining intensity). Further researches should consider
these physical aspects also to study proteins, for which
one would expect as relevant phenomenon the transition
from globule to hybrid conformations. In future researches,
emphasis should be placed in the estimation of the
characteristic scale associated with chain flexibility, which
varies from one peptide to another, this being an intrinsic
property conferred by the AAS.
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