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In a recent article1 we have shown that we have a good
applicability of the modified universal calibration of gel
permeation chromatography (GPC)2 in the case of native
proteins. In this article1 we have used the results of GPC
obtained on proteins in three different laboratories.3-5 In order
to show that the modified universal calibration is of general
applicability, we study here the results of GPC coming from a
number of other different laboratories. Moreover, we will show
here that the modified universal calibration presents a good
applicability even in the case of denatured proteins.

The goal of this note is not to provide a way to measure the
molecular mass of unknown proteins but to propose a method
in order to obtain theΦ values of native proteins, and from
these values we will discuss, in the end of this note, why the
Flory’s factor varies so such among native proteins; the principal
parameter affecting theΦ value could be the compactness of
the protein.

According to the modified universal calibration of GPC2 we
plot log([η]M/Φ) versus elution volume, expressing the hydro-
dynamic volume of the molecules by [η]M/Φ. In the “classical”
universal calibration6 the hydrodynamic volume is expressed
by [η]M consideringΦ as a constant. Nevertheless, the value
of Flory’s parameterΦ is only constant for the synthetic linear
polymers which do not present a draining effect or an important
polarity (Φ ) 2.6 × 1023 in cgs). In the case of nonlinear
polymers,7,8 polar polymers,9-11 and nonpolar polymers present-
ing a draining effect,12 the value ofΦ is different, in general,
from the value of 2.6× 1023, and the “classical” universal
calibration presents failures.

The value ofΦ for a given native protein is calculated
considering that in the same elution volume, all polymers, when
they do not present interactions with the GPC columns, must
present the same hydrodynamic volume. We have based1 our
estimation on the GPC results of Miller et al.3 obtained with
fractions of polystyrene (PS) and different proteins, using the
same columns. We have estimated1 the deviations of the points
obtained with different proteins from the curve obtained with
the PS fractions in the “classical” universal calibration3 (log-
[η]M vs elution volume), and we have calculated1 the Flory’s
parameter for nine proteins. More precisely, in the same elution
volume of this calibration we must have the same hydrodynamic
volume for the polystyrenes (PS) and proteins (Pr), and
according to the Fox-Flory theory13 we must have [η]PSMPS/
2.6× 1023 ) [η]PrMPr/ΦPr. From this relation we have obtained
the value of Flory’s parameter for the proteins. We have now
calculated the Flory’s parameter for another six native proteins
investigated in the article of Miller et al.,3 according to the
procedure described in the previous article,1 and the results for
the 15 proteins are given in Table 1.

Although the authors of the articles from which we have taken
the GPC results, as Miller et al.,3 say that they have not observed
any notable interactions between the proteins and the columns,
we can say that some minor errors have been interfered in the
values ofΦ in Table 1.

Table 1. Calculated Values of Flory’s Parameter for 15 Native
Proteins

no. protein Φ 10-23 (cgs)

1 insulin 6.8
2 lysozyme 6.1
3 hemoglobin 5.0
4 chymotrypsinogen 4.6
5 trypsin 4.6
6 pepsin 3.5
7 catalase 3.0
8 ribonuclease 2.6
9 ovalbumin 2.6
10 myoglobin 2.6
11 transferrin 2.1
12 cytochrome c 2.0
13 γ-globulin 2.0
14 serum albumin 1.2
15 â-lactoglobulin 1.2

Figure 1. (A) GPC “classical” universal calibration of 11 native
proteins. Numbers correspond to the numbers of Table 1 and identify
the proteins. (B) GPC modified universal calibration of the same
proteins (results from ref 14). Experimental conditions: apparatus
Waters 6000A; column, Intel model 730; eluent, 0.1 M sodium acetate,
0.1 M sodium sulfate, pH 5.0; stationary phase, diol-bonded silica
gel. For the letters A, B, and C see the end of the text.
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We present, in the following, the application of the “classical”
universal calibration of GPC6 (hydrodynamic volume∼ [η]M)
and the modified universal calibration2 (hydrodynamic volume
∼ [η]M/Φ according to the Fox-Flory theory13), for four groups
of proteins. The values ofΦ, necessary for the second
presentation, are the values given in Table 1. The values of the
intrinsic viscosity, [η], of each protein, if they are not given in
the article from which the GPC results are obtained, are found
in other articles of the literature.

In Figure 1A we present the “classical” universal calibration
and in Figure 1B the modified universal calibration for a group
of 11 proteins. These proteins have been studied by Schmidt et
al.14 We can see that the points obtained in Figure 1A with the
proteins do not lie in the same curve. This indicates that the
hydrodynamic volume is not correctly expressed by [η]M. On
the contrary, when log([η]M/Φ) versus elution volume is plotted,
the points obtained with the same proteins lie approximately in
the same curve (Figure 1B). This shows that we have an
applicability of the modified universal calibration, or in other
words, it is correct to express the hydrodynamic volume of
proteins by [η]M/Φ with the values ofΦ as it is calculated by
the described procedure in ref 1.

The results of GPC obtained by Chang15 are presented in
Figure 2A according to the “classical” universal calibration and
in Figure 2B according to the modified universal calibration.
Also with these proteins we have a good applicability of the
modified universal calibration (Figure 2B).

A linear plot was assumed in most cases for the GPC calibra-
tion, but this is debated in the literature, so in Figure 2B (and
in Figure 4C) a small deviation from linearity was preferred.

In Figure 3A we present the application of the “classical”
universal calibration using the results of Mori et al.,16 while
with the same results we present the application of the modified
universal calibration in Figure 3B. We can see that only the
second calibration presents a good application.

Corbett and Roche17 have studied in GPC not only a certain
number of native proteins but also the polypeptides derived from
these proteins after their denaturation with 6.0 M GuHCl. For
the denatured proteins we have used a value forΦ equal to
1.33× 1023. This value is obtained from the relation

established for the polymers presenting a draining effect.12 In
the above relationa is the exponent in the Mark-Houwink-
Sakurada (MHS) representation (log[η] vs logM). The denatured
proteins are considered as polymers which constitute a homolo-
gous series,18 and we can apply with these products the MHS
equation. The value of the exponenta in the MHS representation
is equal to 0.666,18 and from eq 1 we obtainΦ ) 1.33× 1023.

In Figure 4A we present the “classical” universal calibration
for the native and denatured proteins studied by Corbett and
Roche.17 The points obtained with the denatured proteins lie
on the same curve, and this is expected because for these
proteins we have the same value forΦ. On the contrary, the
points obtained with the native proteins do not lie in the same
curve, as in the case of native proteins of the preceding systems
(Figures 1A, 2A, and 3A). Plotting in Figure 4B log([η]M/Φ)
versus elution volume taking the values ofΦ from Table 1 for
native proteins and considering the denatured proteins as
polymers which do not present a draining effect (Φ ) 2.6 ×

Figure 2. (A) GPC “classical” universal calibration of seven native
proteins. Numbers correspond to the numbers of Table 1 and identify
the proteins. (B) GPC modified universal calibration of the same
proteins (results from ref 15). Experimental conditions: apparatus
Waters 6000A; column, twine-80-coated diphenylsilica; eluent, 0.02
M phosphate buffer containing 0.1 M Na2SO4, pH 6.8.

Figure 3. (A) GPC “classical” universal calibration of seven native
proteins. Numbers correspond tï the numbers of Table 1 and identify
the proteins. (B) GPC modified universal calibration of the same
proteins (results from ref 16). Experimental conditions: column,
glyceryl-propyl-bonded silica gel; eluent, 0.1 M phosphate buffer +
0.2 M NaCl, pH 7.0.

Φ ) (0.52× 1023)a-2.32 (1)

2980 Biomacromolecules, Vol. 8, No. 9, 2007 Notes

CDV



1023) we obtain two distinct curves. If now we apply the
modified universal calibration considering the denatured proteins
as polymers presenting a draining effect (Φ ) 1.33 × 1023,
from eq 1) we obtain a unique curve with these polypeptides
and the native proteins (Figure 4C).

We must indicate that we have also a good applicability of
the modified universal calibration using the results obtained on
proteins by Fukano et al.19 and Ahmed and Modrek.20

Assuming this validity of the modified universal calibration,
the proposed methodology for calculating theΦPr value of a
given protein is the following:

First, with some proteins of Table 1 we established, under
given conditions, the modified universal calibration curve, as,
for example, in Figure 1B. Second, we measure the elution
volume of the given protein under the same experimental
conditions; this defines point A in Figure 1B. Third, we draw
the straight line which is parallel to they-axis in Figure 1B to
intersect the curve representing the modified universal calibra-
tion; this defines point B in Figure 1B. The value of point B in
the y-axis of Figure 1B defines point C, whose value is the
hydrodynamic volume of the protein. Knowing [η]Pr and MPr

of this protein we obtain the value ofΦPr from the relationC
) [η]PrMPr/ΦPr which provides an estimate of the protein’s
compactness.

Finally, let us present some comments about the compactness
of the proteins. Most of the proteins of Table 1 present a value
of the Flory’s parameterΦ which is equal or higher than 2.6×
1023. This means that these products present a low permeability
to the solvent as the semipermeable synthetic polymers (Φ )
2.6× 1023) or a very compact conformation as it is, in general,
considered for the proteins (Φ g 3 × 1023). The values ofΦ
for hemoglobin, lysosyn, and insulin tend to the value ofΦ
presented by the very compact star polymers with 19 branches8

(Φ ) 8.5× 1023). For the serum albumin andâ-lactoglobulin,
on the contrary, the obtained values ofΦ are very low (Φ )
1.2× 1023) indicating that these proteins present a free draining
effect as the wormlike polymers and the denatured proteins
examined here (Φ ) 1.33× 1023). The native proteins, contrary
to the denatured proteins, present intramolecular bonds which
lead to compact conformations. We are obliged to accept that
we have some drained parts in the periphery of the protein
molecules18 or some of proteins present binding cavities favoring
an important draining. These cavities are indeed observed in
the case of the last two proteins of Table 1.21
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Figure 4. (A) GPC “classical” universal calibration of six denatured
proteins (O) and eight native proteins. (b) Numbers correspond to
the numbers of Table 1 and identify the native proteins. (B) GPC
modified universal calibration of the same denatured (O) and native
(b) proteins. The Φ value for the denatured proteins is equal to 2.6
× 1023. (C) GPC modified universal calibration of the same denatured
(O) and native proteins (b). The Φ value for the denatured proteins
is equal to 1.33 × 1023 (results from ref 17). Experimental condi-
tions: native proteins in 0.2 M NaCl in TSK 3000W column; denatured
proteins in 6 M GuHCl and the same column.
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