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Synopsis. Bovine serum albumin was titrated con-
ductometrically with sodium dodecyl sulfate (SDS). Plots of
the specific conductance versus the SDS concentration revealed
four inflections. The association degrees of sodium counterions
by the complexes were evaluated from the changes in the
increment of the specific conductance of SDS with the complex
growth.

The interactions of proteins with surfactants have
received extensive attentions.  More recently, the
present author and others have demonstrated the
usefulness of the conductivity method for detecting
protein-surfactant complex formation,®? while this
method has also been frequently used to determine the
critical micelle concentration (CMC) of ionic surfac-
tants. In the process of the complex formation between
sodium dodecyl sulfate (SDS) and bovine serum
albumin (BSA), four inflection points appeared in the
plot of the specific conductance versus the SDS concen-
tration at a constant BSA concentration. It is confirmed
that these inflections appear with an intimate correlation
with the formation of the SDS-BSA complex and the
subsequent conformational changes of the protein.? It
can generally be expected that these critical conductance
changes mainly reflect the degree of association of sodium
counterions.3-¢  The behavior of the counterions,
despite their intrinsic interest, is still a matter of uncer-
tainty.

The aim of this paper is the evaluation of the associa-
tion degree of the sodium counterions by the complex,
mainly on the basis of the conductance change with the
complex formation.

Experimental

The crystalline BSA was obtained from Miles Laboratories
Inc., and its concentration was determined spectrophoto-
metrically using E,}¥=6.8 at 282 nm.” The crystalline
SDS was purchased from BDH Chemicals Ltd., and recrystal-
lized twice from l-butanol and once from pure water. The
conductivity measurements were carried out with a Universal
Bridge 4265B of Yokogawa-Hewlett-Packard.?? All the
measurements were made at 25.0004-0.005 °C in buffer
solutions (pH 7.0; ionic strength, 0.014) containing 3.33 mM
of NaH,PO, and 3.56 mM of Na,HPO, (1 M=1 mol/dm3 was

used as the concentration unit).
Results and Discussion

The conductance change with the complex formation
was reexamined in order to evaluate the association
degree of the sodium counterions by the complexes.
The slope of each linear part between the inflections
is presented in the second column of Table 1. The slope
becomes milder, step by step, as seen in Table 1. The
four linear parts below the CMC are considered to be
correlated with the same number of types of complexes
depending on the surfactant concentration ranges.
These types of complexes are considered to be identical
with the four observed previously under other experi-
mental conditions.®-19 When the specific conductance
due to the species composing the buffer is subtracted
from the total of the system, the residual conductance,
£, can be expected just for the behavior of the surfactant
and the protein. Here, it is important that the contribu-
tion of the protein to the conductance is negligibly

ASSOCIATION DEGREE OF SODIUM COUNTERIONS AND OTHER PARAMETERS OF SDS—BSA COMPLEXES

TABLE 1.
'(I‘gpe of complex de/dCigee! Heomplo Hna (1—a)
oncentration e — CompleX — 21— Na a —a
ranges of total SDs)a) 10-5 Q 1 M 1 10_4 sz s 1 V 1 104 cm? s v
Complex 1 5.6 1.6» 4.2 0.86 1.01 —0.01
(below 1.9 mM) 1.2% 1.06 —0.06
1.7% 1.00 0
Complex 2 5.2 2.5” 4.1 0.86 0.82 0.18
(between 1.9 and 4.6 mM) 2.0% 0.88 0.12
Complex 3 4.4 2.8» 4.1 0.84 0.67 0.33
(between 4.6 and 6 6 mM) 2.4% 0.71 0.29
Complex 4 3.6 3.6 4.0 0.80 0.50 0.50
(between 6.6 and 8.0 mM)
SDS micelle 2.3 4,32 4.0 0.80 0.29P 0.71

(above 8.0 mM)

a) The total SDS concentrations where the inflections appeared in the plot of the specific conductance versus

the total SDS in the presence of 1.0x 10~ M BSA (see Ref. 2).

b), ¢), and d) Calculated by means of Eq.

4 on the basis of the data in Refs. 8, 9, and 10 respectively. e) This is the fy;ceno Value obtained through the
use of Eq. 4 on the basis of the reference values.®1® f) Calculated by substituting f,,;ceie in place of feomprox

in Eq. 3.
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small compared with that of the surfactant.? If we (S: constant), given by Shedlovsky et al.l¥ All the
define the degree of the dissociation of sodium coun-  parameters used are listed in Table 1.1 This table

terions from the complexes, @, the conductance, #, may
be expressed as follows:

F
k= m_o' (/lNa.yNaCNa +ﬂf)§eeygsengSee + a/‘lcomplexCB(Smnd) 5 (1)

where F: Faraday’s constant, u#: mobility, y: activity
coefficient, C: concentration (M), Na: sodium ion, free
DS: free dodecyl sulfate ion, and bound DS: bound
dodecyl sulfate ion. If we introduce the relation:
Chewnd— (ol __(Cfree where CR®' is the total concen-
tration of SDS, as is often done in binding studies of
these systems, we can adopt the following relation:

Cra=Ch+a(Ci*'—Ci*°). Then, Eq. 1 can be
rewritten as:
F total
K= m {(”Na.yNu"'”complsx)aCDS
+ [(1 —a)”NayNn +lltl-)rseeytl;rsee_aﬂcomplex]cf)gee . (2)

The slope, de/dCi™!, in the plot of the specific conduc-
tance versus the total SDS concentration is given by:

F
dlc/dcf)%"'l = l_‘ﬂj (ﬂNayNu +/‘lcomplex)a' (3)

If we know sin,, Yxay and fgomprex» We can determine
the a-values.

Aoki has found step-by-step changes in the complex
mobilities with the complex formation between SDS
and horse serum albumin and has reported four types
of their mobilities.? Decker and Foster have also
obtained three types of mobilities of the complexes
between BSA and sodium dodecylbenzenesulfonate in
the low concentration range of the surfactant.?? These
mobilities are 10—209, slower than those found by
Aoki in a similar concentration range of SDS. Pallansch
and Briggs have reported the mobility of the smallest
SDS-BSA complex;!? it is consistent with the corre-
sponding value reported by Aoki when the difference in
ionic strength is corrected by Eq. 4. These data would
indicate what magnitudes of mobilities the complexes
have. According to these data, the mobilities of the
present SDS-BSA complexes were obtained through
the correction of only the difference in ionic strength
by applying the following relation:11,12

logu = —Alog Iy + B, 4)

where 4 and B are constants and /g is the ionic strength.
The constant, 4, was determined to be 0.095 according
to the dependence of the mobility of the SDS micelle
on the ionic strength obtained by Stigter and Mysels ;!
it was then used in the calculation. The value of uy,
was obtained from the equivalent conductivity of the
sodium ion reported by Mukerjee et al.¥ and by the
subsequent interpolation of the log-log plot of uy, versus
the ionic strength, such as in Eq. 4. The activity
coefficient, yn,, of 0.80 was adopted in the vicinity of
the CMC, on the basis of the results of Botre et al.®
Its value in an infinite dilution of SDS was computed
to be 0.89 under the present conditions (/,=0.014) by
the application of the usual Debye-Hiickel approxima-
ion.'® The values of yy, between 0.80 and 0.89 were
determined using this relationship: —log y=_84/Cig=T

also shows the values of @ and the association degree of
counterions by each complex, (1—a), calculated by
means of Eq. 3 using these parameters. The value of «
for the SDS micelle obtained by this treatment is in
good agreement with the literature values (0.22—
0.29).11.19  This would suggest the rationality of the
above calculation.

The association degrees (1 —a) of the counterions by
the complexes are quite small compared with that of
the SDS micelle. As may be seen in Table 1, the value
of (1—a) increases with the complex formation. The
association degree is considered to give a measure of
the interactions between SDS and BSA. The increase
of surfactants bound to the protein needs low electrosta-
tic field on the surface of the complex and must lead to
an increase in (1—a). In spite of the increase in the
association degree of the counterions, the polyelectrolytic
nature of the complex is expected to be strengthened
because of the acquisition of a high net charge introduced
by the bound dodecyl sulfate ions. It should be noted
that a similarity of the complex to the micelle also
appears in the behavior of the counterions, although
other such similar properties between them have
previously been discussed.36:16)

References

1) J. Steinhardt and J. A. Reynolds, ‘“Multiple Equilibria
in Protein,” Academic Press, N. Y. (1969), pp. 239—302.

2) K. Takeda, M. Miura, and T. Takagi, J. Colloid Interface
Sci., 82, 38 (1981).

3) C. Botre, V. L. Crescenzi, and M. B. Epstein, J. Phys.
Chem., 63, 650 (1959).

4) P. Mukerjee, K. J. Mysels, and P. Kapauan, J. Phys.
Chem., 71, 4166 (1967).

5) M. N. Jones, J. Colloid Interface Sci., 23, 36 (1967).

6) N. Murai, S. Makino, and S. Sugai, J. Colloid Interface
Sci., 41, 399 (1972).

7) “Handbook of Biochemistry (Selected Data for Molecu-
lar Biology),” 2nd ed, ed by H. A. Sober and R. A. Harte, CRC
Press, Cleveland, Ohio (1973), p. C-71.

8) K. Aoki, J. Am. Chem. Soc., 80, 4904 (1958).

9) R. V. Decker and J. F. Foster, Biochemistry, 5, 1242
(1966).

10) M. ]J. Pallansch and D. R. Briggs, J. Am. Chem. Soc., 76,
1396 (1954).

11) D. Stigter and K. J. Mysels, J. Phys. Chem., 59, 45
(1955).

12) H. W. Hoyer and A. Greenfield, J. Phys. Chem., 61, 735
(1957).

13) W. J. Moore, “Physical Chemistry,” 3rd ed, Prentice-
Hall, Englewood Cliffs, N. J. (1962), pp. 351—357.

14) L. Shedlovsky, W. Jakob, and M. B. Epstein, J. Phys.
Chem., 67, 2075 (1963). The middle concentration of SDS in
each step was used as G2l

15) The binding ratios of SDS for Complex 1 under the
present conditions® are in good agreement with those of the
smallest complex in Ref. 10, while the value of iycee as
calculated by Eq. 4 on the basis of Ref. 8 agrees fairly with
those obtained in different ways.'? The evaluation of the
mobilities at both ends in this table seems to be reliable; there-
fore, other mobilities between them might also be reasonable in
relation to the corresponding complexes.

16) J. Steinhardt, N. Stocker, D. Carrol, and K. Birdi,
Biochemistry, 13, 4461 (1974).





