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ABSTRACT

The interaction of a zwitterionic surfactant with the water treatment protein extracted from Moringa oleifera has been
investigated by surface tension and ultrasonic velocity measurements. The critical micelle concentration (CMC) of
zwitterionic surfactant was determined to be 2.4 + 0.3 mM by both techniques and the partial specific volume v=0.78 £+
0.06 cm’/g for the protein was found. There seems to be a mild interaction between the protein and the surfactant as
shown by surface tension measurements. The ultrasonic velocity was found to decrease in the vicinity of the critical mi-
celle concentration which may be due to micelle aggregates formation and the protein caused a shift of the surfactant’s

CMC to a higher concentration.
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1. Introduction

It is well-known that solution environment such as pH,
salt and surfactant can significantly alter the behaviour
and overall performance of biomolecules. In our earlier
research of the protein from Moringa oleifera (MO)
seeds, we have used a number of techniques to study
their effects on the properties of the protein in order to
understand the nature and mechanism of this protein in
water treatment [1-7]. Most of these studies have used
anionic surfactants particularly sodium dodecyl sulphate
(SDS) although some of them used also cationic and non-
anionic surfactants but not with zwitterionic surfactant.
Generally, zwitterionic surfactants have been much less
studied than other classes of surfactants. Their behavior
is often described in relation to ionic and nonionic sur-
factants but the electrically neutral nature of zwitterionic
surfactants clearly distinguishes them from ionic surfac-

"Competing interests: the authors declare that no competing interests
exist.
#*Corresponding author.

Open Access

tants. Studies of the MO protein-surfactant interactions
have been performed in our labs aiming to understand
how the surfactant binding may affect the protein struc-
ture and function and hence its efficient use for water
treatment.

Zwitterionic surfactants, which contain both positively
and negatively charged head groups, are interesting
molecules because of their many unique properties. In
general, they are mild to the skin and eyes, exhibit low
toxicity, display excellent water solubility, broad isoelec-
tric ranges, high foam stability, and resistance to hard
water and to degradation by oxidizing agents [8]. Also,
changes in temperature, pH, and added electrolyte have
been found to have minimal effect on zwitterionic sur-
factants. In order to obtain better insight into their inter-
actions with aqueous MO protein systems, we report here
the results of an investigation of the interactions of a
zwitterionic surfactant with a water treatment protein
extracted from MO seeds, studied by surface tension and
ultrasonic velocity techniques.
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2. Materials and Methods
2.1. Materials

A zwitterionic surfactant N-dodecyl-N,N-dimethyl-3-am-
monio-1-propanesulfonate (DDAPS) (also named n-do-
decyl sulfobetaine) was supplied by Sigma Aldrich
(>98% assay, critical micelle concentration of 2 - 4 mM
in the range 20 - 25°C, Mol. Wt. = 335.55 g-mol ") and
was used without any further purification. The structure
formula of DDAPS is shown in Figure 1. Sodium chlo-
ride (99% purity) was supplied by Rochelle Chemicals.
Distilled water was used for all experiments.

2.2. Extraction and Purification of Protein

The extraction and purification of protein powder was
done using the method of Ndabigengesere and Narasiah
[9], and the experimental details are as described previ-
ously by Kwaambwa and Maikokera [1]. To minimize
the number of components, no buffer was used. This is
with the view that the protein investigated is used for
water treatment and buffer conditions would not reflect
the environment is it intended. Furthermore, previous
studies have shown that the protein is insensitive up to as
high as pH 9 [2,4,7] and the isoelectric has been reported
to be between pH 10 and 11 [9], suggesting that it is very
stable and to a large extent considered self-buffering.

2.3. Surface Tension Measurements

Surface tension of a series of differing concentrations of
surfactant (DDAPS) in the absence and presence of the
freeze dried protein, were measured with a Kriiss K9
tensiometer using the Du Nouy platinum ring detachment
method which was calibrated using distilled water.
Readings were taken in triplicates. The platinum ring was
cleaned before each measurement by heating on a Bun-
sen burner flame to remove any residual deposits.

A series of different concentrations of surfactant were
prepared from the stock solution by dilution using dis-
tilled water and varying protein concentrations in dis-
tilled water as required. The surface tension measure-
ments were measured at room temperature immediately
after sample preparation. Surfactant solutions in the
presence of the protein were used to study the pro-
tein-surfactant interactions.

The surface tension data was analysed using the sim-
plest form of the Gibbs equation written as

~dy=RTY TdIng, 1)

where y is the surface tension, R is the universal gas con-
stant, and T is the temperature in kelvins (K), whereas 7/
and q; are the surface excesses and activities of all the
independent components. For measurements on a non-
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Figure 1. Schematic structure of N-Dodecyl-N,N-dimethyl-
3-ammonio-1-propane sulphonate, showing the location of
positive and negative charges.

ionic surfactant solution, this generally reduces to
—dy=RTTIna 2)

There are some considerations concerning the defini-
tion of /" but these are generally unimportant in the con-
text of surfactant systems. For nonionic surfactants, the
usual practice is to use the approximation of concentra-
tions (c) rather than activities except at or above the
CMC. The slope of the plot of y against In ¢ gives the
corresponding surface excess /" at that point using Equa-
tion (2).

2.4. Density Measurements

For a macromolecule such as a polyelectrolyte, a detailed
understanding of the solution requires information on a
variety of physical properties such as partial specific
volume. The partial specific volume of a protein (or other
macromolecule) is needed for a number of physico-
chemical techniques such as analytical ultracentrifuga-
tion, sedimentation equilibrium, and small-angle scatter-
ing. Specific volumes may be obtained from density
measurements. However, partial specific volumes are not
always accurately determined because experimental pre-
cision may be limited by the preparation of solutions of
different concentrations. In this study, density data of the
solutions were needed in the ultrasonic velocity measure-
ments.

The measurements were performed at a constant tem-
perature of 298.15 K using an Anton Parr DMA 4500
vibrating-tube precision density meter. The measure-
ments were taken in triplicates to get an average value.
The density meter was calibrated using distilled water as
its density is accurately known from literature.

2.5. Ultrasonic Velocity Measurements

All measurements were performed at 298.15 K. The
speed of sound was measured with uncertainty of £0.3%
using a multi frequency ultrasonic interferometer (Mittal
Enterprises, New Delhi, India), operating at 1 MHz,
which was calibrated with water. Since the speed of
sound of our samples spans an interval ranging approxi-
mately from 1500 to 1525 ms™', the apparatus was cali-
brated with pure water for which there was reliable speed
of sound values in the literature. The temperature stabil-
ity was maintained within £0.2 K by circulating thermo-
stated water around the cell with a circulating pump.
Ultrasonic waves of known frequency are produced by
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a quartz crystal fixed at the bottom of the ultrasonic cell.
These waves are reflected by a movable metallic plate
kept parallel to the quartz crystal and standing waves are
formed in the medium. This acoustic resonance gives rise
to an electrical reaction on the generator driving the
quartz crystal.

If the distance between crystal and plate is now in-
creased or decreased and the variation is exactly one half
wavelength, /2, or multiple of it, anode current becomes
maximum or minimum. In order to minimize the uncer-
tainty of the measurement, their number » is counted.
Each maximum is recorded with the highest swing of the
needle on the micrometer scale. The total distance, d,
moved by the reflector is given by

d=ni/2 3)

where 4 is the wavelength. A linear plot of d versus n
gives a slope of 4/2. The frequency of the cell crystal v
being accurately known (1 MHz), the speed of sound, u,
is calculated by using the relation:

u=Av “

3. Results and Discussion
3.1. Surface Tension Measurements

Figure 2 shows the plot of y as a function of In[DDAPS]
with and without the protein based on Gibbs equation.
This method is widely used to determine the critical mi-
celle concentration (CMC) on a wide variety of surfac-
tants [10]. The CMC of DDAPS was found to be 2.6 +
0.3 mM, which fall within the range given by the chemi-
cal supplier (i.e. 2 - 4 mM) and also reported in literature
[8,11]. The shapes of the plots around the CMC show
that the surfactant is impure. A pure surfactant will have
a net break at the CMC but the plots do not show a net
break but rather it reduces and then increases steadily,
that is, it has a minimum which results from the impurity.

The effect of the protein extracted from protein on the
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Figure 2. Variation of the surface tension a zwitterionic
surfactant, DDAPS, in the presence (circles) and absence
(triangles) of 0.02% MO protein.
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zwitterionic surfactant, DDAPS, surface tension was also
studied and is shown in the same figure. The results show
that the protein interacts mildly with the surfactant in the
concentration range studied. In other words, the protein
does not interact significantly with the zwitterionic sur-
factant to affect its surface activity. In fact, the behaviour
observed for the protein/zwitterion system is similar to
what Kwaambwa and Maikokera observed for the protein
and nonionic surfactant triton X-100 (TX-100) [3]. This
is not surprising because zwitterionic surfactants, al-
though have ionic groups, are overall neutral and hence
behave like nonionic surfactants.

Although an analysis of the surface tension curves can,
in principle, provide quantitative information on surfac-
tant-protein interactions, practically speaking, complete
interpretation of the data becomes more difficult when
the protein itself is appreciably surface active as it is the
case for the protein from MO seeds. The surface tension
profiles were obtained both for the surfactant systems
and in the presence of protein, showing the characteristic
break points in mixed protein/surfactant systems. For
ease of interpretation of the analysis, the experiments
were done in distilled water rather than in a buffer.

In addition to the typical CMC observed for DDAPS
solutions, the profiles of the protein/surfactant mixtures
show inflection points commonly known as the critical
micelle concentration in the presence of protein (CMC*).
The values are determined in a similar way as CMC, i.e.
the surfactant concentration at which the surface tension
reaches a minimum value. The CMC* values for differ-
ent protein concentrations are normally higher than in
pure water, which can be explained by considering the
amount of surfactant that is bound to the protein. In our
study, surface tension at CMC#*, i.e. when the protein is
saturated by surfactant and free micelles start to form,
reached value close to that obtained for the surfactant
solution alone as shown in Figure 2. It should be noted
that this value is not influenced by the protein concentra-
tion as it is envisaged that protein molecules are totally
displaced from the interface when the surfactant concen-
tration reaches the CMC*.

Addition of NaCl seems to lower the surface tension
but not the CMC as shown in Figure 3. The addition of
salt reduced the surface tension more in the low DDAPS
concentration region of the plot implying that more pro-
tein molecules were adsorbed onto the air/water interface
to cause a reduction in surface tension (i.e. the salt makes
the protein more surface active). The protein is known to
be cationic (implying that the positive charges are more
than the negative charges or the positive charges of the
protein are more exposed) and so addition of salt results
in neutralisation of the positive ions and hence making
the protein more surface active.
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Figure 3. Variation of the surface tension of a zwitterionic
surfactant, DDAPS, in 0.02% protein (circles) and in a
mixture of 0.02% protein and 0.01 M NacCl (triangles).

3.2. Density Measurements

Figure 4 shows the linear variation of density of DDAPS
as its function of concentration in the presence and ab-
sence of the protein. The partial specific volume of
DDAPS was estimated from density measurements.
Density values, p, increase with the concentration of the
polyelectrolyte. If the partial specific volume v is inde-
pendent of the concentration, the following equation is
obeyed

p=p,+(1-vp,)c )

where p, is the water density and c is the polymer con-
centration in g/cm’.

The dependence of the density on the concentration is
linear with statistical correlation parameter, Rz, greater
than 0.99 and Equation (5) was applied to the data to
obtain v from the slope. The data yielded a partial spe-
cific volume v = 0.78 + 0.06 cm®/g for the protein. Ex-
perimental values for the partial specific volume of na-
tive proteins in aqueous solution cluster around 0.74
cm3/g [12]. The value in water obtained for the protein
agrees well with the literature although the method used
for preparing solutions of different concentrations had
the limitation of not knowing precisely the protein con-
centration.

The protein increases the density of the DDAPS pro-
portionally. There is no break in the plot at the CMC
(determined to 2.6 mM) hence showing that the micelli-
sation does not affect the density. The slopes gave the
same value of partial specific volume of v = 1.0027 +
0.0002 cm’/g since the linear plots of the density versus
DDAPS concentration in the presence and absence of
protein are parallel in the concentration range studied
(see Figure 4).

3.3. Ultrasonic Velocity Measurements

Figure 5 shows the plots of the ultrasonic velocities of
DDAPS surfactant with and without protein. The plot of
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Figure 4. Variation of density of DDAPS as a function of
concentration in the presence and absence protein.

surfactant with protein deviates from that without the
protein but the ultrasonic velocity initially increases with
increase in surfactant concentration and reaches a maxi-
mum before beginning to go down to a minimum value.
After the minimum, the ultrasonic velocity begins to in-
crease again. The minima occurred at DDAPS concentra-
tions of 2.3 mM and 3.0 mM in the absence and presence
of MO protein, respectively. The value for minimum for
DDAPS in the absence of protein corresponds to CMC
value determined from the surface tension measurements.
In fact, the minimum for the plot of the surfactant with
protein of 3.0 mM falls within the range for DDAPS re-
ported by the supplier. The MO protein causes an in-
crease in the CMC of the surfactant which could be due
to the interference of micelle aggregates formed at the
CMC.

In this study, density measurements showed to in-
crease with increase in concentration, as shown in Figure
4, and speed of sound is said to increase with increase in
density. This trend changes towards the CMC showing a
decrease in the speed of sound and then an increase after
the CMC. The break in the ultrasonic velocity as a func-
tion of surfactant concentration plot shows that the CMC
can be determined using this technique. This technique
was counterchecked using sodium dodecyl sulphate
(SDS) and the results are shown in Figure 6. The ultra-
sonic velocity behaviour is the same as that of DDAPS
and the inflection point minimum occurs at 8.3 mM,
which corresponds with the reported literature CMC of
SDS of 8.25 mM at 25°C [13].
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Figure 5. Ultrasonic velocity of the surfactant DDAPS in the
presence (0.02%) and absence (0%6) of the protein.
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Figure 6. Ultrasonic velocity of anionic surfactant SDS as a
function of concentration.

4. Conclusion

The zwitterionic surfactant DDAPS interacts mildly with
cationic protein extracted from MO seeds as evidenced
from both surface tension and ultrasonic velocity meas-
urements. The ultrasonic velocity technique seems to be
more sensitive to micellisation. The interaction behaviour
of the protein with zwitterionic surfactant is similar to
that observed with nonionic surfactants. The protein in-
creases the CMC of the surfactant when investigated by
ultrasonic velocity. There is a reasonable agreement in
the CMC values determined by the two techniques and
average result was 2.4 £ 0.3 mM. Formation of micelles
causes reduction of ultrasonic velocity through surfactant
solutions whereas the protein increases proportionally the
density of the DDAPS solutions with a linear relationship
with surfactant concentration. The protein extracted from
MO seeds slightly increases the CMC of the surfactant.
There is minimum effect of pH on the interaction of the
protein with surfactant.
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