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Stopped-flow measurements were made on the conformational change of bovine serum albumin induced
by sodium dodecyl sulfate in a buffer solution containing 3.33 mmol/dm? NaH,PO, and 3.56 mmol/dm? Na,HPO,

(pH 7.0, u=0.014).

the surfactant concentration.

The protein adopted a conformation with a smaller helical content than the original native
state (helix to coil transition) upon the addition of the surfactant.

The rate of transition depended strongly on

The results were compared with those of conformational changes of other proteins,
in which a helical structure increased in the surfactant solution (coil to helix transition).

It is noticeable that

the value of the activation entropy is negative in the helix to coil transition, as compared with its positive and

large values in the coil to helix transition.

It seems that the binding of the surfactant to the protein causes the

transition to only a particular conformation of the protein viz each individual process.

The interactions of surfactants with proteins are
interesting per se, and so have been extensively inves-
tigated.1»® However, kinetic studies of the interactions
have been neglected. Recently, the kinetic aspects of
these interactions have been studied by Wyn-Jones and
his coworkers.3-% They paid attention to the behavior
of the surfactant molecules associated with their binding
to macromolecules. Conformational changes of protein
polypeptides induced by the binding of surfactants are
also interesting. With respect to the conformational
changes of proteins, the addition of ionic surfactants
such as sodium dodecyl sulfate (SDS) causes either an
increase or a decrease. of helix content, depending on
the nature of the proteins.®-13 More recently, Takeda
and his coworkers have studied the kinetic aspects of
the conformational changes of a synthetic homopoly-
peptide!*?® und the increase of the helix content of some
proteins?®1? in surfactant solutions. They reported
characteristic processes in which the native conforma-
tion directly turns to a particular conformation without
passing through other conformations.

In this work, a kinetic study was carried out on the
conformational change of bovine serum albumin (BSA),
which had been reported to adopt a conformation with
a smaller helix content than its native state upon the
addition of ionic surfactants such as SDS.?-1%

Experimental

Crystalline BSA and SDS have been described elsewhere.12
The concentration of the protein was determined spectro-
photometrically using E!%=6.8 at 280 nm.'® A sodium
phosphate buffer of pH 7.0 was exclusively used (u=0.014).
The final concentrations of NaH,PO, and Na,HPO, in the
buffer were 3.33x 10-2 and 3.56x 10-3 M (1 M=1 mol/dm?).
The critical micelle concentration of the SDS was determined
by the electric conductance method to be 8.3 x 10-3 M in pure
water and 5.6 X 10-3 M in the buffer (25 °C).

Static measurements of ultraviolet absorbance were made
with a Hitachi double-beam spectrophotometer, Model 220A.
The absorbance stopped-flow measurements were carried out
with a stopped-flow apparatus, RA-401 of Union Giken Co.
equipped with a kinetic data processor, RA-450. The circular
dichroism measurements were made with a JASCO J-500A
spectropolarimeter equipped with a JASCO DP-501 data

processor.1?

Throughout the measurements, the protein concentration
was kept at 1.0x10-5 M. The aqueous solution of the
protein was used within 6 h of preparation.

Results

Prior to the stopped-flow measurements, the confor-
mational change of the BSA was examined by circular
dichroism measurements. Figure 1 shows the circular
dichroic spectra of the protein in the absence and the
presence of SDS. All of the spectra showed a double
negative maximum, which is characteristic of an a-
helical structure, although the magnitude of the ellipti-
city decreased with an increase of SDS. The protein
did not lose all of its helical structure!® and had a
constant magnitude of ellipticity above 7.0 mM SDS.
However, the predominant loss of the helix content
occurs up to 3.5 mM, as seen in Fig. 1. The ultraviolet
absorbance change accompanying the conformational
change of the protein is shown in Fig. 2. The blue-shift
was observed and the difference spectrum had a positive
peak around 265 nm and a negative one at 288 nm.

The stopped-flow measurements were carried out at
these two wavelengths. Representative time depend-
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Fig. 1. Typical circular dichroic spectra of BSA in the
absence (solid curve) and the presence of 3.5 mM (dot-
ted curve) and 7.0 mM (dashed curve) SDS at 25 °C.
These spectra were obtained over 8 repetitions.
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Fig. 2. Typical absorbance spectra of BSA in the absence

(solid curve) and the presence of 7.0 mM SDS (dotted
curve) and the difference spectrum of them (dot-
dashed curve) at 25 °C.
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Fig. 3. Representative time courses of absorbance
changes at 288 nm. Final concentrations of BSA and
SDS were 1.0x 10~ M and 3.5 (a), 5.0 (b), and 10.0
mM (c), respectively. The trace (c) is the average of
4 repetitions.

ances of the absorbance changes are shown in Fig. 3.
As expected from the absorbance change in Fig. 2, the
absorbance decreased with time at 288 nm (as seen in
Fig. 3) and increased at 265 nm (not shown here). As
clearly recognized in Fig. 3, the rate of the absorbance
change became faster with an increase of SDS. Unfor-
tunately, the rate of the conformational change of BSA
was too fast to be measured by a circular dichroism
stopped-flow method.?4-1” However, it was apparent
in previous work®:1?) that the absorbance stopped-flow
measurements give identical rates with those obtained
by the circular dichroism stopped-flow ones, and the
behavior of chromophores such as tryptophan and
tyrosine is useful in following the conformational
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Fig. 4. SDS concentration dependance of rate constant,
k, at 25 °C.

TaBLE I. KINETIC PARAMETERS FOR CONFORMATIONAL
CHANGES OF PROTEINS IN SDS soLuTION

o~ Helix to Coil  Coil t 11
Temperature/°C (BSA) ( 5-Chyn(1’o{§;p1:fin)
20 240 0.085
kfs—1 25 570 0.29
30 470 0.70
AH*/k] mol~1 48 140
AS*/J K1 mol! —34 160

changes of proteins. This is also emphasized when we
take account of a similarity of the SDS concentration
dependance of the absorption coefficient of the protein
at 288 nm to that of the residue ellipticity at 222 nm.12?
Therefore, the absorbance change with time is con-
sidered to correspond to the rate of the conformational
change of the protein. The first-order rate constant,
k, was obtained by the usual treatment.’¥ The SDS
concentration dependance of & is represented in Fig. 4.
The rate constant, &, sharply increased with an increase
of the SDS concentration and attained a constant
value around 7 mM SDS. The temperature dependance
of k was examined at 10 mM SDS in order to evaluate
activation parameters of the conformational change.
The activation parameters, AH* and AS*, were calcu-
lated in the usual manner.!”? Table 1 shows the activa-
tion parameters together with those for the conforma-
tional change of delta-chymotrypsin.1?

Discussion

Kinetic studies were made on the conformational
change of BSA induced by SDS. The protein loses some
parts of the helical conformation (termed the helix to
coil tramsition). This conformational change accom-
panies the change of the ultraviolet absorbance, as seen
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in Fig. 2. The rate constant, k, of the conformational
change was obtained by the absorbance changes with
time. The value of k strongly depends on the SDS
concentration, indicating that the greater the degree of
the conformational change, the faster the rate of the
conformational change. This tendency also appears in a
conformational change of delta-chymotrypsin, in which
the helix content increases upon the addition of SDS
(termed the coil to helix transition).l?

The next two processes may be expected for confor-
mational changes of proteins in a solution of surfactant
such as SDS,

4SS oS (fast)
P..s& sz'&\ Pysm ~-&PzSn (S'OW)

¢3 Poso_kx—"‘ PeSe
K k
R — PySp—— P,Sp @

k
Po Sll — Pz Sn

(fast)

where Py: a native protein, S: a surfactant molecule,
a;: a particular number, P,S;, P,S. -, P,S;: com-
plexes (the helix content decreases in the order of x, vy,
-+, z in this case), ], m, n: binding numbers of surfactants
to a protein, k,, ky, k,: rate constants. In this case,
the protein designated by P, has the most abundant
helical conformation and the complex designated by
P,S, has the least helix content. If the conformational
change proceeds via reaction (1) which has been often
assumed for the formation of these complexes,!1:20-22)
the longest time is required for the transition from P,
to P,S,. However, the transition to P,S, with the
least helical conformation is faster than those to the
intermediate species, as seen in Fig. 4. As discussed
before, a protein cannot adopt various different confor-
mations as reaction intermediates in the presence of a
ceratin quantity of SDS.1? This is because the surfac-
tants rapidly bind to a protein,3-%23 causing the
transition only to a particular conformation of the
protein. Reaction (2) indicates that the binding of the
surfactant to a protein is completed before the confor-
mational change of the protein,?® and that the con-
formation of the protein changes together with the many
surfactant molecules bound to it. The bulky hydro-
phobic groups of the surfactant are obliged to come
into maximal contact with the hydrophobic parts of the
other surfactants and the protein polypeptide. The
saturated binding of SDS would reduce the freedom of
choice in adopting a final conformation. On the
contrary, the protein with the unsaturated binding of
SDS may take much time to choose a final conformation,
because this situation necessarily needs more redistribu-
tion of the bound surfactants to unoccupied binding
sites than in the saturated binding stage. As a result,

(1)11,20—22)

(slow)
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the rate of the conformational change seems to become
faster with an increase of the bound surfactant. It is
considered that the conformation of a protein does not
change via the process expressed by the reaction (1).
The reaction (2) appears to be suitable for the under-
standing of the kinetic aspects of the conformational
change of a protein induced by a surfactant such as
SDS.

SDS binding to the BSA proceeds in two steps.!®
Under the present condition, the initial binding of
about 115 mol of SDS per mole of BSA completes
around 4 mM of total SDS and the second binding of a
further 90 mol of SDS goes to completion around 7 mM
of total SDS (see Fig. 5 in Ref. 12). It is noticeable
that the rate constant, k, becomes constant above
7 mM SDS where the binding of SDS saturates (Fig. 4).
The stepwise natures of the SDS binding and the
conformational change of the protein must be correlated
with the fact that the protein has at least two independ-
ent domains.?-%%  Jones et al. have proposed that the
binding initially occurs mainly to the C-terminal section
of BSA and then the more stable N-terminal part begins
to be bound.?” In the light of their proposal, it seems
that the conformational change occurs only in the C-
terminal part of the protein in the initial binding stage
(below about 4 mM SDS under the present condition).
The rate of the conformational change in the saturated
binding stage is faster by two or three orders of magni-
tude than those in the initial binding stage, as seen in
Fig. 4. However, the difference between the rates of
conformational changes would not relate to the original
stabilities of the C- and N-terminal sections of the
protein because of the following reason. Since all of
the bindings to both the C- and N-terminal parts occur
at the same time in the time scale of the conformational
change as mentioned above, the conformations of all
of the parts are forced to change together and simul-
taneously in the sense of reaction (2).

One of the purposes of this work is to make clear
distinctions between the helix to coil and the coil to
helix transitions. The value of £ for the helix to coil
transition increases more sharply with an increase of
the SDS concentration (Fig. 4), compared with those
of k for the other transition.!®:1? In addition, the rate
of the helix to coil transition is clearly faster than those
of the other one as seen in Table 1, although few kinetic
studies have been made on the conformational changes
of proteins. The difference between both the transitions
is also distinct in their kinetic parameters, as seen in
Table 1. The value of AH* for the helix to coil transition
is about one-third of that of the other. In particular,
it should be noted that the value of AS* is negative in
the helix to coil transition, while it is positive and large
in the other one. As discussed previously,)” in the
case of the conformational changes induced by the
surfactant, the entropic change must reflect not only
the folding and unfolding of the protein polypeptide,
but also both the rearrangement of the surfactants
bound to the polypeptide and the solvent-ordering
around the hydrophobic groups of the surfactant
exposed to an aqueous environment. Therefore, it seems
that the former contribution to the entropic change is
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defeated by the latter two of the surfactants, which
must be negative, in the activation state of the confor-
mational change of the BSA. It has been considered
that a large-scale conformational change of protein-
surfactant complex occurs in the coil to helix transition,
that is, a part of the polypeptide chain is unfolded,
followed by a continuous refolding in the activation
state.!” Compared with this, the helix to coil transition
may proceed in a rather simple way.

The kinetic studies of conformational changes of
polypeptides made to date!4-1?) have strongly suggested
that, when a certain number of surfactants bind to a
protein, the native conformation of the protein directly
transforms into another particular conformation without
passing through any intermediate conformation such
as may be induced below the binding number mentioned
above. This is quite a different feature from the sense
of reaction (1) which may be favorable for an inter-
pretation of the gradual growth of complexes.
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