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The experiments on the binding of cetyl pyridinium chloride
to transfusion gelatin have been carried out at various pH,
whereby the ionic type of binding has been studied by pH-
titrations. The binding of this surfactant to protein molecule
has also been studied with the help of viscometric method.
The binding results have been explained in terms of binding
and consequent structural disorganization within the protein
molecule. The quantitative preci pitation experiments suggested
that the maximum precipitation and the compl ete dissol ution
of the precipitate took place at a definite ratio of the detergent
concentration. The maximum amount of cationic detergent
combined at each pH-value are approximately, corresponding
to the base combining power of protein and soit is concluded
that thefirst polar combination between protein molecule and
cationic surfactant is accomplished at the point of the maxi-
mum precipitation. The pH-titration and dialysis equilibrium
results pointed the involvement of anionic protein groupsin
interaction with the detergent cations. Thelogrithm of associ-
ation constants (log K) werefound to be 2.42 and 3.38 whereas
thebinding sites(n) 42 and 35 at pH 4.00 and 7.50, respectively.
The lesser number of linkage sites showed the maximum
number of moles of surfactant molecules combined upto
statistical binding. The binding was found to be highly coop-
erative at higher concentrations of the surfactant. The flow
behaviour indicated some conformational changes in the
protein molecule. The pH-metric data strongly supported a
mechanism in which binding between cationic surfactant and
protein consists of anionic binding while dialysis equilibrium
corresponds to ionic as well as other types of binding. The
precipitation and redissol ution of surfactant-protein complex
has been attributed to electrostatic linking above isoelectric
point and nonelectrostatic type below this point involving
forces which usually binds surfactant ions into micelles. It
may be concluded that cationic surfactant-protein combination
involved ionic hydrophobic and hydrogen bonding in forming
complexes depending upon the pH and concentration of the
cationic surfactant.
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INTRODUCTION

The interest in surfactants with biopolymers and synthetic polymers
has been the subject of many investigators'. It has been reported that theinter-
action depends upon some factors, among which the ratio of surfactant to
protein seems to be of great importance in determining its mechanism®.
Inspite of the considerable biochemical interest of the cationic synthetic
surfactants only afew studies have been madein thisdirection™. Timasheff
and Nord" havereported the binding of dodecylamine hydrochloride (DAH)
with ovalbumin while Tamaki and Tamamushi*? have compared the surfactant
ion binding of gelatin with its acid and base binding capacity. Yang and
Foster™® have studied the binding of cetylpridinium bromide and cetyl-
trimethyl ammonium bromide by serum albumin and ovalbumin. Birdi**
has examined the binding of cetyltrimethyl ammonium bromide to many
proteins and reveal ed the perturbation of their tyrosyl groups. Tanakaet al.*®
have reported the interaction between cationic surfactants and bovine
serum a bumin molecule. The binding of cationic surfactantsto many globular
proteins was reported by Nozakil et al.*, while Jones et al.*” have establi-
shed that anionic surfactants bind more strongly than the cationic surfactant
to bovine serum albumin (BSA).

A literature survey showsthat little work has been done on the binding
of cationic surfactants with transfusion gelatin'®*# although it is a well
characterized fibriller protein®#. In this paper, the experiments on the binding
of cetylpyridinium chloride (CPC) to transfusion gelation (TG) arediscussed
at various pH, whereby theionic type of binding has been studied by conti-
nuous and discontinuous pH titrations. The binding of this detergent to the
protein molecule has also been investigated with the help of viscometric
method. The binding results have been interpreted in terms of binding and
consequent structural disorganization within the protein molecule.

EXPERIMENTAL

Transfusion gelatin (TG) supplied by National Chemical Laboratory,
Poona, (India) (m.w. 75000) was used as such throughout these studies.
Stock solution (1.0 x 10 M) of cetylpyridium chloride (CPC) was prepared
in double-distilled water. Buffer-solution used were prepared from reagent
grade chemicals. Solution of hydrochloric acid and carbonate free KOH
(AR) were prepared for the pH-measurements. Potassium chloride solution
was prepared for the maintenance of the ionic strengths.

Methods and techniques. Varying amounts of hydrochloric acid
(0.0861 M) and potassium hydroxide (0.0605 M) were taken and 1 mL of
isoionic (6 %) protein were added to each. Thetotal volume was made up to
10 mL by adding water and K Cl to make theionic strength 0.15 M. Similar
set was also arranged having 1.0 mL of CPC of 0.01 molar concentration.
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Water and CPC alone were also mixed with varying amounts of hydro-
chloric acid and potassium hydroxide. The pH values of the various mix-
tures were recorded with the help of a systronic pH-meter using a wide
range glass electrode. The instrument was standardized by means of standard
buffers in the acidic and basic ranges, respectively. Different samples of
protein and CPC were adjusted to the same initial pH and titrated and the
pH values of the mixtureswere recorded. Purified nitrogen gaswas bubbled
through the reaction mixturesin alkaline range to ensure completely inert
atmosphere.

For equilibrium dialysis measurements cellophane tubings werefilled
with 5.0 mL of 0.66 x 10* molar TG and then immersed in 5.0 mL of a
solution of CPC (1.0 to 70.0 x 10 mol/L) contained in different boiling
test tubes. Two similar sets, one at pH 4.0 and the other at pH 7.50 were
prepared and then subjected to constant shaking at 25 °C for 72 h, atime
just sufficient to attain the equilibrium. The dialysis tubings were then
removed and the external solution were analyzed by volumetric precipitation
method using sodium dodecy! sulphate (SDS) as a precipitant and
rhodamine-6G as an indicator. Controls were aso run to determine the
CPC binding to the material of the tubing and these were found to be negli-
gibly small. The accuracy of detergent estimation was found to be + 2 per
cent in these measurements.

The viscosity measurements were made with the help of an Ostwald
viscometer of flow time of water 55 s at atemperature of 25 °C in awater
thermostat. Protein and surfactant stock solution were centrifuged at 16000
rpm of 1 h to remove particulate matter. The density of the solvent and
solutions were determined with the help of a pyknometer. The viscosity
values were determined by the following relation:

_n_tp

No  toPo
where 14 isthe relative viscosity, t and p are the flow time and density of
the solution, while t, and po are the flow time and density, respectively for
water. The following sets of solutions were prepared for viscosity measu-
rements. (i) A fixed amount of TG (5 mg/mL) was taken in different tubes
and varying amounts of 0.0861 M HCI and 0.0605 M KOH were added
keeping the total volume 10 mL (ii). A fixed amount of TG (5 mg/mL) and
CPC (0.001 mol) was taken asin (i) and different amounts of HCI/KOH
added. (iii) toafixed amountsof TG (5 mg/mL) were added varying amounts
of CPC (0.0to 0.02 mal) and thetotal volumewas made 10 mL. Theviscosity
of this set was recorded at pH values 7.0, 8.0, 9.0 and 10.0, respectively
and (iv), varying amounts of TG (2 mg to 16 mg/mL) were taken with the
same amounts of CPC and the pH was adjusted to 2.60, 3.49 and 5.40,
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respectively. The viscosity results are plotted in the form of reduced viscosity
protein concentration curves.

RESULTSAND DISCUSSION

Complex formation: Different amounts of CPC were added to a
(5 mg/mL) TG solution at various values of pH of the solution, which had
been controlled by adding HCI or KOH to the solution. It has been found
that TG was precipitated at pH 7.0 to 10.0 in certain range of CPC concen-
tration. When precipitate appeared, the mixtures were centrifuged and the
concentration of CPC in the supernatant solution was determined, the
amounts of the CPC combined with the precipitant was obtained by taking
the difference of concentration which existed before and after the mixing
Fig. 1 shows the amount of the combined CPC per gm of TG in relation to
theratio of CPC to the TG. It isevident from the figure that the precipitation
zoneisgreatly influenced by the pH of the mixed solution and the precipi-
tation zone is displaced to the higher ratio of CPC to TG as pH become
greater. It may be stated that the maximum precipitation and the complete
dissolution of the precipitate takes place at the definite ratio of the CPC
concentration. In fact, the maximum values of CPC combined at each pH
are approximately, corresponding to the base combining power of TG and
therefore, it isconcluded that thefirst polar combination between TG mole-
cules and cationic surfactant (CPC) is accomplished at the point of the
maximum preci pitation.
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Fig. 1. Amount of CPC combined per g gelatin in relation to CPC/TG ratio
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Effect of CPC on the hydrogen-ion equilibrium of TG: From the
pH-measurements the value of hydrogenions (r) dissolved per mole of TG
was cal cul ated both in the presence and absence of CPC by meansof Tanford
method” and the results are shown in Fig. 2. The hydrogen ion equilibria
curves were used to determine the number of hydrogen ions displaced by
the surfactant cations. The extra hydrogen ions displaced by the surfactant
ionsisequal toVy the number of surfactant ion bound to per mole of TG,
based on Gurd and Murray® concept of one to one binding. The curve of r
against pH (Fig. 2) shows that surfactant binding progressively increase
with increasein pH of the mixed solutions. Thisisin agreement® with the
deprotonation of TG side chain groupswith rising pH. Since theionsbound
are cations, there is possibility of interaction with anionic groups of the
protein molecule. A lesser value of r at low pH could be explained by the
fact that although all the 84 carboxyl groupswere fully ionised at pH 5.50,
but the cationic protein sites (amino, imidazol e and guanidino) would produce
repulsive el ectrostati c influence on the tenside cations. Theregular increase
of binding with rising pH may be due to deprotonation of imidazole (pk =
7.50) and amino groups (pk = 9.30 to 10.50) thereby reducing the net positive
charge and consequent increasein the net negative charge onthe TG molecule.
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Fig. 2. Hydrogen ions dissociated per mol of TG (r) in the absence (0-0) and
presence of CPC (e-e) at different pH valuespu=0.15 M, Temp. = 25°C
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The fixed pH titrations of TG against added CPC also supported the
electrostatic nature of surfactant-protein combination. It is evident from
the data that when cationic surfactant isadded to asolution to TG below its
isoelectric point (IEP), say at pH 2.0, no charge in pH occured indicating
absence of electrostatic binding owing to the existence of positive charge
on the protein as well as on the surfactant cations. Furthermore, the disso-
ciation of CPC in highly acidic solution would be negligible dueto alarge
concentration of hydrogen ions in the reaction mixtures. As the pH of the
mixed solution is raised the pH of the reaction mixture decrease, which is
an evidence of the progressive deportonation of protein. The pH decrease
is greater up to pH 8.90 while lesser above this pH presumably owing to
hydrolysisof the surfactant and consequently an indi cation of the decreased
ionic surfactant binding to the negatively chraged groups of TG molecule.
At extremely higher pH (pH 11.50) it seemsthat about 95% of the surfactant
was hydrolyzed because the reaction mixtures turned as yellowish liquids,
side by the protein also underwent degradation.

The shift in pH of TG wastaken astheindex of surfactant ion binding.
In Fig. 3 the ApH values are plotted against added cation surfactant. The
negative ApH values go to indicate the release of protons from the reactive
site of the protein moleculei.e. H" ionsare displaced from protonated groups
by the surfactant cations. The ApH values start rising from pH 2.50 and
attains amaximum value at pH 8.90 and it then starts decreasing and attain
a minimum value at pH 11.50 and upto pH 9.00 the rising negative ApH
values may be atttributed to the deprotonation of the TG and ionisation of
CPC, but at higher pH-values either thereis hydrolysis of CPC or degradation
of TG molecules, or both the factors may operate in deciding the decrease
of negative ApH values.

Thefixed pH titration could be used for the computation of number of
surfactant ions bound to per mole of TG (m.w. 75000) by means of the
following relation of Scatchard et al..

ApH = —MAZ = MAV or AV-= E-ApH
2.3 2.3 2W
where AV represents the ligand bound per moleof TGi.e.Vy and W isthe
electrostatic interaction factor®. In all the cases, saturation in ApH values
isattained at higher CPC concentrations. It meansthat only theionic binding
could be detected from pH-measurements and not the other types as
described in surfactant-protein binding studies.

Fig. 4 showsthe data on the binding of CPC by TG at pH 4.0 and 7.50
at atemperature of 25 °C. The isotherms show that the mode of binding
changes with increasing free equilibrium concentration of surfactant. In
the lower concentration range (region A) the curveisastraight line at both
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Fig. 3. pH (Protein minus surfactant-CPC mixture) plotted against varying
concentration of CPC x 10* M at fixed TG (6.0 g/L) conc. at varying
pH values (2.5t0 11.50) at = 0.15 M, Temp. = 25°C
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Fig. 4. Vw Plotted against log of free equilibrium conc. of TG-CPC
system
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pH-val ues which indicates the distribution of surfactant molecules over all
the anionic protein i.e. in amore or less statistical manner. This has been
tested by fitting the experimental data according to the reciprocal plotting
method which arelinear and anomalous over the entire range of CPC concen-
tration (Fig. 5). The ope of thelinear portion corresponds to the association
constant (K); while theintercept on the ordinate indicates the reciprocal of
the binding sites (n). The association constants (log K) are found to be 2.42
and 3.38 for CPC, while the binding sites being 42 and 35 at pH 4.0 and
7.50, respectively. The lesser number of sites show the maximum number
of Vu upto which statistical binding takes place. The binding appearsto be
highly cooperative at higher concentration of the surfactant. Beyond region
A (i.e inregion B) it may be assumed that after a certain number of sites
have been occupied, the surfactant disrupts the tightly folded protein structure
and entersinto combination with the less accessible sites. In the region C,
the value of Vy may even exceed the total anionic sitespresent in TG. It is
therefore probable that the progressive rise of binding is due to the expansion
of the protein molecule®”.
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Fig. 5. Plotsof 1/Vy vs. 1/CF for TG-CPC system at pH 4.0 and 7.50,
Temp. =25°C (u=0.15 M)

Flow propertiesof CPC-TG system: Therelative viscosity of protein
solutions in the absence and the presence of CPC are shown in Fig. 6 asa
function of pH. The curves possess aminimum at the isoel ectric point (pH
5.20) and a maximum on either side of this pH. The macromolecule is
probably in the contracted from due to the attractive forces between balan-
ced charges, whereas on both sides of isoelectric point, the molecule hasa
net overall charge which may cause of the molecule to expand by repulsive
forces. The viscosity of CPC-TG mixture also shows a minimum at the
isoelectric point, by the viscosity values are much higher than TG alone.



Vol. 20, No. 6 (2008) Interaction of Gelatin with Cetylpyridinium Chloride 4655

3.6

—o TG Alone

3.2 o—o TG +CPC

2.8

24

Relative viscosity

2.0

1.6

1.2 | | | | |
20 40 60 80 100 120

pH

Fig. 6. Relative viscosity of TG (5 g/L) in the presence and absence of
CPC (0.001 M)

This may be due to the interaction of surfactant cations with neutral TG
molecule to give it a net charge and consequently cause the molecule to
expand itself. The shift of isoelectric point can be explained in terms of the
reaction of CPC cation with the negatively charged groups of the protein.
Theseresultsarein agreement with those obtained from pH and equilbirum
dialysis measurements.

In Fig. 7 the changes in viscosity are plotted against added surfactant
concentration to fixed TG concentration at various pH-values above the
isoelectric point of the protein. The viscosity values decrease on addition
of increasing amounts of surfactant until precipitation takes place. The
precipitate dissolvesin excess of surfactant and the mixture revealed nearly
Netwtonian behaviour while it was non-Newtonian before the precipitation.
The mechanism of precipitation and its redissolution can be explained as
follows. The more or less expanded protein molecule at the alkaline side
isoelectric point may be changed into the folded hydrophobic state by the
continuous combination of the surfactant cations until precipitation occured.
On addition of more surfactant the second adsorption layer of surfactant
ions is formed by van der Wall’s attraction forces between carbon chain,
which makes the molecule hydrophilic, hence the precipitate dissolves
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Fig. 7. Relative viscosity of TG (5 g/L) in the presence and absence of
CPC

again. The mixture so formed behaves similarly to the solution at the iso-
electric point without the surfactant. It may be observed that the amount of
surfactant needed to produce complete precipitation increase as the pH of
the system rises as we move away from the isoelectric point. This shows
that the protein-surfactant ratio increases as the total negative charge on
protein increase®.

The intrinsic viscosity of protein in the presence of varying amounts
of CPC was determined by plotting the reduced viscosity against protein
concentration (mg/mL) and then extraplotting to zero protein concentra
tion. These values of intrinsic viscosity are given in Table-1. It is seen that
the reduced viscosity increases with increasing concentration of the surfa-
ctant. Thismay be correlated with the conformational changes producedin
the protein molecule by the cationic surfactant. The high values of intrinsic
viscosity bel ow isoel ectric point of protein could not be dueto electroviscous
effect as both protein and surfactant carried positive charges. However,
this behaviour could be explained on the basis of protein swelling, presu-
mably owing to coulombic repulsion between the large number of positively
charged groups. The swelling of the protein in the acid solution due to
repulsion of similarly charged ions may cause opening up of the protein



Vol. 20, No. 6 (2008) Interaction of Gelatin with Cetylpyridinium Chloride 4657

TABLE-1
REDUCE VISCOSITY AND INTRINSIC VISCOSITY OF TG-CPC
MIXTURE AT DIFFERENT pH VALUES

CPC 10 % pH 2.60 pH 3.49 pH 5.40 pH 8.00
0.25 10.80 5.80 12.40 10.40
0.50 13.40 6.60 14.00 11.60
1.00 15.60 8.40 16.00 12.80
1.50 17.50 9.40 17.60 14.00
2.00 20.20 12.00 19.00 15.00
2.50 22.20 13.40 21.80 16.00
[n] 10.64 5.40 12.00 10.30

and the surfactant cations can enter into the swollen sphere. Therelatively
higher viscosity at pH 5.40 could be explained by the fact that near isoelectric
point, the protein exists as a compact molecule and additional surfactant
caused marked unfolding due to the cooperative nature of surfactant binding.
Probably the surfactant molecule splits off the salt linkages between
anionic and cationic groups attached there. Theincreasing values of intrinsic
groups and becomes attached there. The increasing values of intringic viscosity
may also be due to solubilization and unfolding of TG in the presence of
larger amounts of the cationic surfactant. This behaviour depends upon
several factors e.g., chain length, nature of distribution of polar groups, the
carboxylic groups are distributed all over the polar regionswhile the amino
and guanidino groups are concentrated on the ends of the chains®, flexibility
of chains, tightening of packing and on the number of cross links. On the
other hand alarge number of diphatic hydroxyl groups from hydroxy proline
and hydroxy lysine amino acid residues may also play asiginificant rolein
increasing the viscosity through hydrogen bond formation. This extensive
increase in viscosity may aso be due to the corresponding elongation of
the molecule and a consequent increase in the dissymmetry of the macro-
molecular units.

M echanism of interaction: The pH-metric results strongly suggested
amechanism in which the interaction between cationic surfactant and the
TG molecule consists of ionic binding of the positively charged pyridinium
groupsof the surfactant to the negatively charged sites on the protein mole-
cule. Any conformational change, which isbrought about as aconsequence
of the resulting change in the balance of the polar group and non-polar
interaction, can not be suggested from pH-measurements. However, the
equilibrium diaysis results suggested that besides ionic binding other binding
forces are also involved in the surfactant-protein interaction. Two types of
binding forces can explain the precipitation and dissolution of surfactant-
protein complexes. Oneis mainly electrostatic (in lower pH range) involving
forces, which normally binds surfactant ions into micelles. In the initia
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stages of surfactant addition, the electrostatic type of binding dominates
while in the middle ragne the non-electrostatic linkage is more probable.
At higher concentration of the surfactant cooperatively of binding results
complete unfolding of the protein molecule.

The type of binding forces predicted from pH-metric and equilibrium
diaysisresults can a so be suggested from viscometric data. The increasing
values of intrinsic viscosity and Huggin constants show a large amount of
electrodtatic attraction at lower surfactant concentration while the phenomenon
of uncurling a higher concentration of the surfactant. Theview of Lundgren®’
that the secondary association of extra surfactant isin the form of aloose
combination due to non-polar attraction with that which isalready electro-
statically bound finds support from the present investigations. It may be
concluded that surfactant-protein combination involved ionic, hydrophobic
and hydrogen bonding in forming the complex depending upon the pH and
concentration of the cationic surfactant.
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