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Abstract
Binding studies of cationic detergents such as cetyltrimethyl ammonium bromide, Cetyl pyridinium
bromide and dodecyl trimethyl ammonium bromide with β - Lactoglobulin

were carried out by

equilibrium dialysis, ultraviolet difference and circular dichroism techniques at 25 C. Binding isotherms at
pH 5·0, 7·0 and 9·0 show cooperative binding at all concentrations of detergents and the number of available
binding sites in β - Lactoglobulin increases with pH. Gibbs free energy of binding calculated on the basis of
Wymans’ binding poten tial concept increases with pH indicating increased bind in strength at higher pH. The
ultraviolet difference spectra of the detergent complexes with β - Lactoglobulin at pH 7·0 and 9·0 in the
region of 250-300 nm indicate the involvement of aromatic amino acid residues as probable binding sites and
also the carboxylate groups since the binding is cooperative. The circular dichroism spectra also indicate the
involvement of aromatic amino acid residues in the binding of these detergents. This is substantiated by the
decrease in the intensity of the aromatic positive bands in the near ultraviolet region. The increase in the
magnitude of [θ] 222 nm values in the far ultraviolet region with the increase in the concentration of the
detergent in the complex indicates conformational changes resulting in an increase of α-helical content
producing a more ordered structure of β - Lactoglobulin . These binding studies show that at pH 7·0 and
9·0, hydrophobic interactions play a major role, while at pH 5·0 only electrostatic interactions play prominent
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role in the binding of these detergents.
Keywords: β - Lactoglobulin; cationic detergents; cooperative binding; helical content.
Introduction: The interactions of proteins with ions and neutral molecules or a variety of ligands in general have
been widely investigated and have been reviewed by Steinhardt and Reynolds (1969). Of them, the interaction
studies of ionic detergents with proteins have received much attention (Jones, 1975) and it is generally accepted
that the binding of such detergents to proteins occurs by a combination of electrostatic and hydrophobic
interactions. The relative importance of these types of interactions can be assessed by a study of the binding of a
typical globular protein like β - Lactoglobulin with a series or detergents having hydrocarbon moieties of varying
lengths and different polar head groups. Such a study will serve as a model since β - Lactoglobulin has been well
characterized physic chemically (Maulik e t a l . 1998) and it s 3-dimensional structure well established (Blake
et al. 1965, 1967).
The binding studies of β - Lactoglobulin with various detergents have been carried out by several workers
using different techniques (Iloukhani et al. 2000; Coma et al. 2002) under a variety of conditions, in order to
determine the thermodynamics of binding, the nature and number of available binding sites, the types of
interactions

involved

and

the conformational changes accompanying such interactions. In the present

investigation, we describe the interaction of β-Lactoglobulin with cationic detergents such as cetyl
trimethylammonium bromide (CTAB), dodecyl trimethyl- ammonium bromide (DTAB) and cetyl pyridinium
bromide (CPB) at various concentrations and pH using equilibrium dialysis technique. The thermodynamic
parameters of their binding are evaluated. The nature of binding sites and the types of interactions involved
are determined by ultraviolet (UV) difference spectra.

The conformational

changs

in

the

enzy me

accompanying the binding o f these detergents are followed by the circular dichroism (CD) technique.
However, the enzymatic activity of β - Lactoglobulin due to the binding of these detergents has not been
undertaken in this stud y.
Materials and Methods
The concentrations of detergents are determined by extracting their bromophenol
chloroform

as

described

earlier

blue

complex

in

(Felse and Panda 1999). Jasco J-20 spectropolarimeter, calibrated
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with (+)-10 Camphor sulphonic acid (De Tar, 1969) was used to record the CD spectra. Beckmann
spectrophotometer Model-25 was used to record the UV difference spectra.In the equilibrium dialysis
experiments, 5 ml of 0·2% β - Lactoglobulin (1·4×10-4

Μ; molecular weight 14,400) was dialysed

against 10 ml of detergent solution at various concentrations in the same buffer as described earlier (Xie
et al. 2002). The time required to attain equilibrium was found to be 24 h at 25°C. The binding ratio ‘r’,
the

number of

mol of

the

detergent bound

per

mol

of the protein, at various free detergent

concentrations [D] was calculated in a manner similar to Rosenberg and Klotz (1961). The binding studies
were carried out in 3 buffer systems: 0·01 Μ sodium acetate buffer, pH 5·0, 0·01 Μ phosphate buffer, pH
7·0 and 0·01 Μ glycine buffer, pH 9·0 and at varying detergent concentrations with a fixed protein
concentration of 1.4× 10-4
9·2× 10-4

Μ. The critical micelle concentrations (CMCs) of the detergents are

Μ for CTAB, 1·56 × 10-2

Μ for DTAB and 5·8 × 10-4

Μ for CPB (Mukerjee

and Mysels, 1971). The free detergent concentrations used were well below and above their CMCs. The
concentrations of the buffers used in these studies are such that no unequal distribution of free
detergent molecules due to the Donnan effect occur during the equilibrium dialysis. Binding studies
were carried out at pH 5·0, 7·0 and 9·0 in the case of CTAB and CPB, while with DTAB the
studies were carried out only at pH 9·0. In order to investigate the effect of ionic strength on the
binding of detergents to β - Lactoglobulin , experiments were carried out only at pH 9·0 with 0·05 Μ
glycine buffer. The CD spectra of β - Lactoglobulin and its complex with the detergents were measured at a
protein concentration of 2·3 × 10-5

Μ in a 0·5 mm cell from 250-200 nm and 3·5 × 10-5

Μ in a 10 mm

cell from 320–250 nm at 25°C. The results are represented as molar residue ellipticity, [θ]λ

in deg

cm2 dmol-1, calculated in a manner similar to that of Ohta et al. 2001. Taking a value of 111 as mean
residue weight for β - Lactoglobulin

(Warren and Gordon, 1970). The UV difference spectra of β -

Lactoglobulin -detergent complex were recorded at a fixed protein concentration of 7·0×l0-5
all cases and varying the

Μ in

detergent concentration. Both UV difference and CD spectra of the

complex were recorded 3 h after mixing.
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Results and Discussions
Binding isotherm
The binding isotherms obtained for the interaction of β - Lactoglobulin with CTAB and CPB at pH
5·0, 7·0 and 9·0 and with DTAB at pH 9·0 are shown in figure 1 as a plot of r vs log [D] and they follow
cooperative binding at all pH. The binding isotherms have been interpreted in terms of the Wyman' s
binding potential concept (Muzzarelli et al. 2001) as adopted by (Zhulina et al. 2000) and subsequently
by others in the binding studies (Dedinaite et al. 2000). From the plots of r vs log [D], the apparent free
energy of binding, ∆ Gr

is calculated in a manner similar to that of Jones and (Babak et al. 2000) from

which the apparent Gibbs free energy of binding per bound detergent ion is computed from the relation,
∆ Gr

=∆Ga /r. The results of these interaction studies with CTAB and CPB at various pH and with

DTAB at pH 9·0 only are shown in the plot of ∆Gr
∆Gr

vs r (figure 2), from which the maximum values of

are calculated. It has been observed that the binding ratios in each case increase with pH.

The increase in the number of available binding sites with pH is in accordance with the fact that there is a
decrease in the net positive charge on β - Lactoglobulin with the increase of pH. The number of binding
sites, Gibbs' free energy of binding per bound detergent ion, ∆Gr, and the binding constant K, at
various pH and ionic strengths are summarized in table 1. As
approaches

CMC,

the

binding

the

free

detergent

concentration

isotherms show a marked increase in the average number of

detergent ions bound per mol of the protein over a relatively small range of detergent concentration
and reaches a limiting value. Thus cooperative binding reaches a limit when β - Lactoglobulin
becomes saturated with the detergent. This is in accordance with the observation by earlier workers
on the interaction of β - Lactoglobulin with sodium dodecyl sulphate (SDS) (Jones et al., 1981).
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Figure-1: Binding isotherms for the interaction of β - Lactoglobulin with detergents at 25o C: r vs log[D] .
(i) Binding of CTAB: (), 0·01 Μ Glycine buffer, pH 9·0; (■), 0·05 Μ
Glycine buffer, pH 9·0; (∆), 0·01 Μ Phosphate buffer, pH 7·0; (Ο), 0·01 Μ
Acetate buffer, pH 5·0
(ii)Binding of CPB: ( ), 0·01 Μ Glycine buffer, pH 9·0; (▲), 0·01 Μ
Phosphate buffer, pH 7· 0; (Q), 0·01 Μ Acetate buffer, pH 5·0.
(iii).Binding of DTAB :( ), 0· 01 Μ Glycine buffer, pH 9·0.

Figure-2: Plot of ∆ Gr (kcals mo l -1) vs r for the interaction of β - Lactoglobulin with the detergents at
25°C. Same notations as in figure 1.
Table 1. Thermodynamic parameters for the binding of detergents with β - Lactoglobulin at 25 ° C .

a)
b)

∆Gr
max is the maximum value of G, computed from the plot of r vs log D
Binding constant Κ values are calculate d from ∆ Gr, ma x .

UV difference spectra
The UV difference spectra of β - Lactoglobulin

CTAB complex at pH 5·0 (0·01 M) showed no

characteristic peaks in the aromatic region while a distinct peak was observed for the complex at pH
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7·0 (0·01 M) around 295–297 nm. The intensity of the peak increased with the increase in the concentration
of CTAB in the complex (figure 3). The UV difference spectra of the complex at pH 9·0 (0·01 M)
showed two peaks one around 295-297 nm and the other at 250 nm (figure 4). Here again, the
intensity of both the peaks increased with the increase in the concentration of CTAB in the
complex upto a certain limit and then showed a decrease. The UV difference spectra of L-Trp-CTAB
complex at pH 9·0 (0·01 M) showed a strong peak at 292 nm and a weak one around 282–283 nm (figure 5).
The UV difference spectra of L-Tyr-CTAB complex at pH 9·0 (0·01 M) showed a peak around 245246 nm in addition to the one observed at 285-286 nm (figure 6). No significant UV difference spectra were
observed for these complexes at pH 7·0 and 5·0. The UV difference spectra of β - Lactoglobulin -CPB
complexes were recorded in the region of 270–350 nm only, as it was not possible to record them below
270 nm since the detergent itself showed a very high UV absorbance in this region. At pH 5·0, no
characteristic peak was observed in the aromatic region, while at pH 7·0 and 9·0,
observed

around

295–297

nm,

as

in

the

case

a

distinct peak

was

of β - Lactoglobulin -CTAB complexes but with

lesser intensity. The UV difference spectra of L-Trp-CPB complex at pH 9·0 showed a strong peak around
292–293 nm, while no peaks were observed in the case of L-Tyr-CPB complex at this pH.

Figure-3: UV difference spectra of 7× 10-5 Μ β - Lactoglobulin in 0·01 Μ phosphate buffer, pH 7·0
produced b y C T AB. (1), l· 37×10 -3 M and (2), 2·74×l0 -3 M.
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Figure-4: UV difference spectra of 7× 10-5 Μ β - Lactoglobulin in 0·01 Μ glycine buffer, pH 9·0,
produced by CTAB. (1), 0·685×10-3 M; (2), 0·96×10-3 M; (3), 1·371 ×10-3 M; (4), 2·0 55×10
-3 M ; (5) ; 2·74×l0 -3 M and ( 6 ) , 4·11×1 0 - 3M .

Figure-5: UV difference spectra of 5 ×10-4 Μ L-Trp in 0·01 Μ glycine buffer, pH 9·0 p rod u ced
b y C TAB. (1 ), 0·6 8 5×1 0 -3 M; (2 ), 0·96×l 0 -3 M; (3 ), 1·371×1 0 -3 Μ ; (4 ), 2·055×1 0 - 3
Μ; (5 ), 2· 74 ×1 0 - 3 Μ and (6 ), 4·11×1 0 -3 M.
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Figure-6: UV difference spectra of 5× 10-4 Μ L-Tyr HCl in 0·01 Μ glycine buffer, pH 9·0, produced by
CTAB. (1), 0·685× 10-3 Μ; (2), 0·96×10-3 Μ; (3), 1·37× 10-3 Μ: (4). 2·055 × 10 -3 Μ and (5), 2·76×
10-3 Μ.
The absence of peaks in the UV difference spectra in the aromatic region for the complexes
Lactoglobulin

of

β-

either with CTAB or CPB at pH 5·0 indicates the non-involvement of aromatic

amino acid residues in the interaction at this pH. However, the binding observed at this pH may
be only due to the interaction of cationic head groups of the detergents with carboxylate anions on
the β - Lactoglobulin molecule involving mainly electrostatic interactions. With the increase in pH, more
detergent ions bind at additional sites available on account of the ionization of side chain carboxyl groups
of the enzyme, probably involving the rupture of some hydrogen bonds. The appearance of 295–297
nm peak in the UV difference spectra of the complexes of these detergents with β - Lactoglobulin at pH 7·0
and pH 9·0 indicates the involvement of indole rings of tryptophan residues in addition to the carboxyl
sites. This is in accordance with the earlier observation of (Dedinaite and Claesson 2000) for the interaction
of β - Lactoglobulin

with dimethyl benzyl myristyl ammonium bromide (DBMA), where they

have shown that DBMA which acts as a competitive inhibitor for β - Lactoglobulin binds at all
the tryptophan residues lying on the surface and with one or two in the cleft by hydrophobic interactions.
The appearance of two peaks in the case of β - Lactoglobulin -CTAB complex at pH 9·0 (0·01 M) as
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well as in the UV difference spectra of the complexes of CTAB with L-Trp and L-Tyr · HCl at the
same pH indicates the involvement of both tryptophan and tyrosine residues along with the carboxyl
groups in the binding of CTAB with β - Lactoglobulin . The red shift of 4–5 nm in the 297 nm band of β Lactoglobulin -CTAB complex from that of L-Trp-CTAB complex at the same pH may be due to the
binding of the CTAB at or near the tryptophan residues which are buried in the non-polar
environment and also probably due to the partial ionization of a tyrosine residue in β - Lactoglobulin at this
pH. The UV difference spectrum for the ionization of tyrosine residues in β - Lactoglobulin (Togo et al.,
1966) at alkaline pH showed two maxima, one at 295 nm and the other at 245 nm, their difference in
molar extinction coefficients being 2650 and 13,200, respectively. So the appearance of an intense
peak around 250 nm in the β - Lactoglobulin CTAB complex at pH 9·0 (0·01 M) may be due to
the involvement of partially ionized tyrosine residues as the binding sites, while the appearance of
only one peak in the UV difference spectra of β – Lactoglobulin- CTAB complexes at pH 7·0 (0·01
M) is probably due to the binding of the detergent molecules only at tryptophan residues as tyrosines
do not ionize at this pH. The appearance of a strong peak around 292-293 nm in the UV difference
spectra

of

L-Trp-CPB

complex

at

pH

9·0

also

indicates

the

involvement

of tryptophan

residues in the binding of CPB with β - Lactoglobulin, and absence of any peak in the UV difference
spectra of L-Tyr-CPB complexes shows the non-involvement of tyrosine residues as binding sites at this
pH.
The UV difference spectra of β - Lactoglobulin -CTAB complex recorded at pH 9·0 at a higher
ionic strength of 0·05 also showed two distinct peaks (figure 7) in the region 295–297 nm and 250 nm,
however, with lesser intensities, the 250 nm peak decreasing to a larger extent than the one observed at
a lower ionic strength of 0·01 at the same pH. This effect of ionic strength in decreasing the interaction of
CTAB with β - Lactoglobulin

is supported by the fact that the binding isotherms also showed

decreased binding at this ionic strength and pH. Accordingly there has been a decrease in the number
of available binding sites and ∆Gr. A comparison of the results of the binding of CPB with those of
CTAB to β - Lactoglobulin indicates that only a lower number of binding sites are available to CPB at
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any pH. Accordingly, the magnitude of ∆G r values shows a decrease in the case of CPB. The small
difference in ∆Gr
Lactoglobulin

values at any given pH, for the binding

(table 1) indicates that electrostatic

of CTAB and CPB with l β -

interactions play only a very minor role even

though they possess different cationic head groups. The small difference may be attributed to the
bulkiness of the polar head group in the case of CPB, since both the detergents have the same
hydrocarbon chain length. The decreased binding in the case of CPB may also be due to the noninvolvement of tyrosine residue in binding.

Figure-7: UV difference spectra of 7 × 10-5 Μ β – Lacto globulin in 0·05 Μ glycine buffer, pH
9·0 produced by CTAB. (1), 1· 37×1 0 -3 Μ and (2), 2· 74 ×10 -3 Μ.
Although the extent of binding in the case of CPB is lower than that of CTAB, the observed
high binding ratios at pH 9·0 in both the cases cannot be explained with all the available carboxyl
and aromatic amino acid residues in β - Lactoglobulin . Moreover, the absence of peaks in the 240–
300 nm region of the UV difference spectra of L-Phe-detergent complexes indicate the non-participation
of any phenylalanine residues. So the observed high binding ratios can be explained as follows: the
electrostatic interaction of the detergent with the carboxylate anions of β - Lactoglobulin and the resultant
binding are stabilized probably by the mutual affinity of the hydrocarbon chain of the adjacently bound
detergent ion (Claesson et al. 2000) by non-polar forces which are presumed to be the same as
those

that

bind

the detergents to form micelles. The UV difference spectra of DTAB with β -
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Lactoglobulin and with model compounds L-Trp and L-Tyr· HCl at pH 9·0 follow a pattern similar to
those of CTAB complex with β - Lactoglobulin at pH 9·0 (0·01 M). The intensities of both the peaks at
250 and 297 nm of the β - Lactoglobulin-DTAB complex were lower when compared with those of β Lactoglobulin e-CTAB complex at the same pH. This indicates a lesser interaction between β
- Lactoglobulin

and

DTAB

than

with

CTAB.

Accordingly,

the

number

of binding sites are

lower for β - Lactoglobulin -DTAB complex at pH 9·0 (0·01 M) than for β - Lactoglobulin -CTAB
complex at the same pH. A large difference in ∆Gr

and Κ values have also been observed in the

binding of these detergents with β - Lactoglobulin . Thus these data suggest a stronger interaction
for CTAB with β - Lactoglobulin and a weaker interaction for DTAB. Since both CTAB and DTAB
have the same cationic head groups,

the

contribution

from

the

electrostatic

interaction

must

be

the same. Therefore, the very high binding energy and binding constant observed in the case of β Lactoglobulin -CTAB interaction are probably due to its longer hydrocarbon chain length than that
of DTAB.
CD spectra
The CD spectra of native β - Lactoglobulin show positive maxima at 293, 288, 282 and 278
nm and a broad negative band around 258–259 nm in the 320–250 nm region at all pH. The aromatic
positive bands for the complexes of β - Lactoglobulin with CTAB and CPB at pH 9·0 (0·01 M) decrease
gradually and are replaced by an overall negative spectra with the increase in the concentration of the
detergents in the complexes (figure 8a). The magnitude of molar ellipticity values around 257–259 nm
decreases with the increase in the concentration of the detergents in the complex and also shows a
gradual blue shift of 4–5 nm. The CD spectra of the complexes of β - Lactoglobulin with these detergents
recorded at pH 7·0 and 5·0 show similar patterns to those at pH 9·0, but with a lesser intensity of
the aromatic bands. In the far UV region of 250–200 nm the CD spectrum of β - Lactoglobulin has
an extremum at 208 nm and a shoulder at 222 nm. However, the magnitude of molar ellipticity [θ]
222 nm values for the complexes of β - Lactoglobulin with CTAB and CPB at pH 9·0 (0·01 M) increases
upto certain concentrations of the detergents indicating an increase in the -helical content (figure 8b).
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The α-helical content calculated by the method of (Wei et al. 1993) increased from a fH value of 0·24
for the native β - Lactoglobulin to a maximum value of 0·32 in the case of CTAB and 0·286 for
CPB indicating more ordered structures. In this region, however, at pH 7·0 and 5.0, there was no
detectable difference between CD sp spectra of native β - Lactoglobulin and its complexes with these
detergents.

Figure-8: (a), Effect of CTAB on the CD spectrum of β - Lactoglobulin in 0·01 Μ Glycine buffer, pH 9·0
(320–250 nm region). (1), 0; (2), 0·274× 10-3 M; (3), 0·683× 10-3 M; (4), 0·891× 10-3 Μ and (5), 1·095
× 10-3 M. Protein concentration: 3·5 × 10-5 M.
(b), Effect of CTAB on the CD spectrum of β - Lactoglobulin in 0·01 Μ glycine buffer, PH 9·0 (250–200
nm region). (1), 0; (2), 0·274×l0-3M; (3), 0·639×10-3 M; (4), 0·91 × 10-3 Μ and (5), 1·09×
10-3 M. Protein concentration: 2·3× 10-5 M.
The CD spectra of β - Lactoglobulin -DTAB complex at pH 9·0 (0·01 M) in the 320–
250 nm region showed a decrease in the aromatic bands in a manner similar to that of β - Lactoglobulin CTAB complex,

but

with

a

less

pronounced

effect.

In

the 250-200

nm

region,

the

CD

spectrum of β - Lactoglobulin -DTAB complex with the detergent concentrations well below its
CMC showed no change in the α-helical content. However, the CD spectra of the complex at and above
its CMC cannot be recorded as the DTAB showed a high absorbance. The

CD

spectra

of

β -

Lactoglobulin -detergent complexes in the 320-250 nm and 250-200 nm regions show that the

IJPT | July-2012 | Vol. 4 | Issue No.2 | 4231-4245

Page 4242

G Geetha* et al. /International Journal Of Pharmacy&Technology
detergents might bind with the indole rings of the tryptophan residues, 62, 63 or 108, the former
two lying on the molecular surface and the latter at the entrance to the cleft of the hydrophobic
box in the tertiary structure of β - Lactoglobulin . The cationic head groups of the detergents CTAB
and DTAB probably bind at the phenolic group of tyrosine 20 or 23 lying at the entrance to the
cleft or at a side chain carboxyl group of Asp 101 or 103 on the molecular surface or Glu 35
which lies close to Trp 108 at the active site of the enzyme. For CPB cationic head group also,
all

the binding sites are essentially the same as in the case of CTAB and DTAB, except for

the

tyrosine

residue involvement. Since all the sites involved in the interactions lie in the non-

helical region of the tertiary structure, a more ordered conformation is induced into the enzyme
molecule, with the resultant increase in α-helical content. Generally,

when

the

polypeptide

chain(s) of a globular protein folds in 3-dimensions to give a tertiary structure, all the polar groups
will be exposed to the surface and the non-polar groups will be buried in the interior of the
molecule sc that the molecule is thermodynamically stable. In the case of β - Lactoglobulin , which
contains a larger proportion of non-polar amino acid residues, in addition to all the polar groups being on
the surface, it is likely that some of the non-polar amino acid residues such as tryptophan, phenylalanine
and few other non-polar residues lie on the molecular surface of the enzyme (Bergstro et al. 2002). In
such a situation, the hydrophobic interactions play a dominant role not only in maintaining the
stability of the tertiary structure (Babak et al. 2000) but also in the binding of detergents with longer
hydrocarbon moieties involving several points of contact. Therefore, our binding studies on β Lactoglobulin with the cationic detergents reveal that hydrophobic interactions play a major role, while
electrostatic interactions play only a minor role.
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