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Abstract: Here is an insight into the interaction and formation of insoluble complexes of ovalbumine (OV) with a
series of specific chitosan derivatives (oligochitosan (OCHI)), varying in the degree of acetylation (DA) in acidic,
neural and alkaline media. The forces involved in the complexation are determined and discussed. As shown, the
interaction is partially electrostatic by nature with the “molar” composition in the insoluble OCHI-25/0V and OCHI-31/
OV complexes of 1:2.8 and 1:2.1, respectively. The interaction is also partially hydrophobic and intensified at elevated
temperatures. It is found that the binding of OV to OCHI and stability of the complexes depend on the way they are
formed, and the affinity of OV to OCHI weakens with the increase in the DA. The complexes formed in a slightly acidic
solution are limitedly soluble at a high solution ionic strength, and the aggregative state of the complexes depends on
the weight fraction of OCHI in the complexes. The finding can be useful for understanding the complexation processes
of chitosan with proteins and can be promising as a platform for the preparation of ovalbumin-based vaccines.
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1. Introduction

Proteins as well as natural and modified polysaccharides are of great and increasing interest for usage in various
fields of technology."” As has been shown, the mixing of protein and polysaccharide solutions can lead to segregative
phase separation (also known as the limited thermodynamic compatibility, LTC) or associative phase separation
(APS) accompanied by the formation of complex coacervates and insoluble complexes depending on experimental
conditions (concentration, pH, ionic strength, surface charge). Two-phase systems of the first type (LTC) are widely
used in food technology for protein processing into textured materials and in biotechnology for isolation, fractionation
and purification of proteins.”
mixtures at a sufficiently high critical concentration of biopolymers (> 1 ~ 3wt%). The condition of LTC manifestation
corresponds to the absence of complexation between two biopolymers and the enhancement of protein self-association.’

An important feature of two-phase systems of the second type (ASP) is a significant improvement in the functional
properties of both biopolymers. Another feature is that the phase separation takes place in dilute solutions (< 0.01 mg/
ml), and is influenced by solution ionic strength and pH value.*” For these reasons, two-phase protein-polysaccharide
systems have found a wide application for tissue engineering'’, in the food industry, for improvement of functional
properties of proteins'"'’, encapsulation and controlled drug delivery systems' ', in biotechnology for isolation,
fractionation and purification of proteins'>'® and immobilization and stabilization of enzymes in complexes.'” As a
result, the complexation in protein/polysaccharide systems is still under extensive study for many types of proteins
and polysaccharides and is reviewed several articles and books."'"**' However, there is a limited number of studies
on the influence of the local structural changes in the polysaccharide (number of charged and uncharged groups, their
distribution along the chain, etc.) on the complexation. The data published on this topic relate exclusively to pectin/
beta-lactoglobulin®** and pectin/lysozyme systems.”*”® In general, local structural changes can significantly alter
the charge density of the polysaccharide and the stiffness of its chains as well as being able to have an impact on the
protein/polysaccharide complexation. Therefore, studies in this field would be very important for the use of protein/
polysaccharide systems in various fields of technology.

Chitosan has found a wide application in the food industry and pharmaceuticals due to its polyelectrolyte nature,
biodegradability and nontoxicity.””**
globular proteins including OV in solution whose properties depend on their composition.””*’ The complexation of OV
with chitosan leads to the stabilization of OV fibrils and helps to encapsulate bioactive nutrients increasing their stability
and controlled release in the intestinal.’’*® So far, only one study has been carried out on the effect of the molecular
weight of chitosan (15, 100 and 200 kDa) on its interaction with BSA.” It has been shown that the three chitosan
samples interact with BSA to form chitosan-BSA complexes with the affinity order: 200 > 100 > 15 kDa. The influence
of another structural parameter of chitosan, namely the degree of acetylation (DA) on its complexation with proteins,
has not yet been studied. Therefore, the interaction and the binding forces as well as conditions behind the formation
of complexes between ovalbumin (OV) and chitosan differing in the DA, which are important to the food and medical
fields, still remain unclear and need to be studied.

It is well known that natural chitin is insoluble in diluted organic (acetic and lactic) or inorganic (hydrochloric)
acids.”® When the degree of deacetylation of chitin reaches the value of 60% and more, chitin becomes soluble in
diluted acetic or hydrochloric acids and it is called “chitosan”. As shown and discussed in several articles, chitosan
could be distinguished from oligochitosan (short-chain chitosan) by molecular weight (MW). The term “oligochitosan”
(OCHI) can be used for chitosan molecules with molecular weight (MW) < 16 kDa (or degree of polymerization: n <
100).”**" As has been shown, OCHI has several advantages over chitosan since OCHI possesses a higher solubility,
lower solution viscosity, increased antimicrobial activity and enhanced oral and mucosal adhesion.”** Moreover, light
scattering and microscopy studies have shown that OCHI having MW < 12 kDa and DA 16 ~ 35% can be considered as
a specific group of chitosan derivatives with a peculiar high stability of their solutions in alkaline media *’ Unfortunately,
the complexation of OV with specifically acetylated OCHI has not been studied so far despite chitosan/OV complex
microparticles being promising as immunomodulators and adjuvants.” The lack of experimental data has moved us
to study the impact of the changes in the degree of OCHI acetylation on the interaction and binding with OV in semi-

The LTC has been observed and described for a vast majority of protein-polysaccharide

As a cationic polyaminosaccharide, chitosan can form complexes with other
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diluted solution using a series of OCHI derivatives varying in the degree of acetylation in acidic, neutral and alkaline
media.

In this study, we aimed to gain an insight into the interactions and the forces as well as conditions responsible for
the formation of complexes between ovalbumin (OV) and OCHI samples differing in the degree of acetylation (DA)
from 25% to 40% at varying and constant pH conditions.

2. Materials and methods
2.1 Materials

Ovalbumin (purity > 98%, isoelectric point IEP 4.8, molecular weight: 45 kDa) was purchased from Sigma Co. (St.
Louis, MO); sodium acetate, sodium chloride, hydrochloric and acetic acids were the products of Merck.

Oligochitosan hydrochloride samples (OCHI-25,0CHI-28, OCHI-31, and OCHI-40) with the weight average
molecular weight M,, 12 + 0.5 kDa and DA 25, 28, 31, and 40% were prepared by N-reacetylation of oligochitosan
with the weight average molecular weight M., 11.9 kDa and DA 2% following the next protocol.”” The DA values were
determined by 'H-NMR and recorded at 25 °C.”’

Stock solutions of OV and OCHI were prepared in 10 mM sodium acetate/acetic acid buffer (pH 5.8) with
ionic strength 7/ = 0.01 and centrifuged to remove insoluble matter. Biopolymer concentration in stock solution was
determined by measuring the drying at 104 °C until a constant weight. Complex OCHI/OV systems with different
OCHI/OV weight ratios (g) were prepared by adding of OCHI solution drop-by-drop to OV solution at 23 °C.

2.2 Methods

2.2.1 Turbidity measurements

The turbidity value (t) of the OCHI/OV complex system as a function of ¢ (wt./wt.) was determined at 500 nm.
The error of measurements was about 2%-3% at 500 nm. The main complexation parameters: ¢o,c» 9p Gasars ANA G
(where: g, and gs,, are the values indicating the transitions between no complex formation and the formation of
soluble complexes, ¢, indicating the transition between the formation of soluble and insoluble complexes, and g,
indicating the ¢ ratio that corresponded to a maximum of system turbidity) were determined following the method
offered by Antonov et al.** To determine accurately the values of transition points, additional characterizations were
performed. The ¢, value was determined by turbidimetric titration as indicated below in Figure 3d. These results were
confirmed by dynamic light scattering (DLS) data in which the average size of the complexes exceeded that of OV by
10%. The g, value was the minimum ¢ value at which the turbidity value of the OCHI/OV mixture became equal to
that of the OCHI solution with the same OCHI concentration as in the mixture. The g, values were determined as the
minimal ¢ values at which turbidity increased with the time, which was quantified as an increase of > 2% during 15 min
under quiescent conditions for samples that had been stirred for 30 min before the test.

2.2.2 Dynamic light scattering (DLS) and electrophoretic mobility

Particle size distribution functions were obtained using a Malvern Zetasizer Nano-ZS (England) as shown earlier.”
The c-potentials at different ¢ values and pH were measured at 23 °C, and the average value of ten measurements was
shown.

2.2.3 Brightfield imaging

Microscopy images were made using a multi-beam confocal microscope Leica TSC SP-5.
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3. Results and discussion

3.1 Phase behavior of OCHI/OV systems
3.1.1 Effect of pH and formation pathway on complexation

Two biopolymers effectively form electrostatic and insoluble complexes in an aqueous solution, usually when
biopolymers are charged oppositely and the values of the charges provide mutual compensation.” Therefore, the
method of turbidimetric titration of protein/polysaccharide mixtures from an alkaline pH region to an acidic region, or
vice versa, is widely used to study the phase behavior of mixed biopolymer systems.”” """’
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Figure 1. Turbidity curves of OCHI/OV mixtures as a function of pH at various q values and the OV concentration in mixture 0.35wt%: (a) OCHI-25/
OV, (b) OCHI-28/0V, (¢) OCHI-31/0V and OCHI-40/0V mixtures, (d) maximum turbidity (t,,) of OCHI/OV system as a function of ¢ at /= 0.01
and 23 °C. The arrow shows the titration pathway
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Figure 1 shows the curves of pH titration of OCHI/OV systems starting from alkalescent (pH 7.5) to acidic region
(pH 4.0), i.e. at pH region in which OCHIs are completely soluble. As shown in Figure 1, the turbidity of pure OV
solution at pH < 6.1 increases slightly due to a self-aggregation of the protein molecules and reaches the maximum
value at pH 4.75 (isoelectric point of OV).

A decrease in pH is accompanied by an increase in the turbidity (t) of mixtures at all g values studied and depends
on the DA of OCHI. The dependences have an extreme character with the maximum (g,,,) corresponding to the
maximal yield of the insoluble complexes. As shown in Figures la-c for systems containing OCHI with DA 25%, 28%
and 31%, the maximal turbidity (and consequently the maximal size and/or yield of OCHI/OV complexes) occurs in
the range of ¢ values equal to ~0.10 and decreases with an increase in DA values (Figure 1d). The critical pH,,, value
above which complexes do not form decreases noticeably (from pH 7.45 to pH 7.0) with an increase in DA values of
OCHI.

Complexes obtained by titration of a biopolymer mixture with alkali or acid from the region of the single-phase
state of the system to the two-phase state region are defined as “complexes of titration”. Such complexes may be non-
equilibrium, and their composition can depend on the way of their formation.”"” To verify or refute the influence of
the pathway, the titration of OCHI/OV systems from the acidic region to a slightly alkaline region was carried out.
The corresponding data of OCHI-25/0V and OCHI-40/0OV systems are presented in Figure 2. As shown, conditions of
formation and dissociation of insoluble complexes as well as their stoichiometric composition strongly depend on the
pathway of the preparation.

Complexes of titration of OCHI-25/0V system from the alkalescent to acidic region start to form at pH less than
7.1 ~ 7.4 while complexes of the same system obtained by titration from the acidic pH region to the slightly alkaline
region are present in the mixture and at higher pH values. (Figure 2a). A similar phenomenon is observed for the OCHI-
40/0V system. The pH,,,, value corresponding to the maximal turbidity of the system, that is the maximum of the
complexation, occurs at pH 5.2 when the titration from the acidic to the alkalescent region is carried out. In contrast,
when the titration of the mixture is carried out from the alkalescent region to the acidic region the maximal turbidity
occurs at pH,,,, = 5.8.
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Figure 2. (a) Turbidity curves of OCHI/OV mixtures as a function of pH at ¢ values equal 0.10 and OV concentration in mixture of 0.35wt%: [/ =
0.01, 23 °C. The arrow shows the titration from acidic to alkalescent region, (b) average zeta potentials of OCHI/OV system as a function ¢ at OV
concentration in the mixture of 0.35wt% and at / = 0.01 and 23 °C

Likewise, this pathway dependence was characteristic of OCHI-40/OV system. When the system was titrated from
a slightly alkaline to an acidic region, complexes were not formed at pH values > 6.9. In contrast, insoluble complexes
were observed at the reverse titration of the system even at pH = 9.0 with pH,,, value, which was similar to that
observed for the OCHI-25/0V system (pH 5.2), but the formation of insoluble complexes was observed over the wider
range of pH values from pH 5.2 to pH 6.0. The pH,,,, values for OCHI-25/0V and OCHI-40/0OV systems during the
titration to the alkalescent region were 4.57 and 3.27, respectively, and the g, values characterizing the system transition
from a single-phase to the two-phase state were found to be 4.67 and 4.41, respectively.

The results of the turbidimetric titration indicate that conditions required for the formation and dissociation of
the insoluble complexes depend on the pathway of preparation. Moreover, the stoichiometric composition of such
complexes would likely differ at a lower relative content of OCHI in the mixture from the composition of the complexes
obtained by titration of the mixture from alkalescent to the acidic region with the composition containing a lower
quantity of OCHI in the complex. To conclude this section, it should be noted that the nonequilibrium of system titration
complexes indicates the need to study complex formation processes under conditions of constant pH value of the
solutions and their mixtures.

3.1.2 Zeta potentials of OCHI, OV and OCHI/OV systems and the main parameters of complexation at pH 5.8

In a buffer solution with pH 5.8, the ¢-potential of OV was equal to -14.3 = 07 mV which was close to the earlier
published data.” Electrophoretic study of the surface charges of OCHI solutions showed that their zeta potentials altered
non-linearly with the degree of acetylation and were of +17.7 £ 1.5 mV, 15.8 £ 1.8 mV, 15.5+ 1.6 mV and 10.3 £ 2.7
mV for OCHI-25, OCHI-28, OCHI-31, and OCHI-40, respectively. Therefore, these biopolymers had opposite charges
required for electrostatic interaction. To determine the effective surface charge of OCH/OV complexes, their zeta
potentials were measured.

Figure 2b shows the dependence of the zeta potentials of OCHI/OV systems as a function of the OCHI/OV weight
ratio (¢g) depending on the DA value of OCHI. As shown, the negative charge of OV neutralizes rapidly upon the
association of OV with OCHI, and the surface charge of the formed complexes becomes positive at higher ¢ ratios. It is
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noteworthy that the change in the zeta potential of the OCHI-40/0V system is significantly different from that in other
systems containing OCHI-25, OCHI-28, and OCHI-31. Unlike the last three systems where the zeta potentials reach
the zero value at g = 0.10-0.13, the value of the zeta potential of OCHI-40/0OV complexes becomes equal to zero at a
significantly higher value of ¢ that is 0.8, which can be related to a lower total charge of OCHI due to its higher DA
value.

To investigate the structure of the OCHI/OV complex phase, complexation parameters characterizing the

aggregation and phase separation were quantitatively determined. The mixing of OV and OCHI solutions led to a fast
solution turbidity when OCHI/OV weight ratio (¢) exceeded the g,,,,, value.
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Figure 3. The turbidity values (7) as a function of the OCHI/OV weight ratio ¢ for OCHI-25/0V (a), OCHI-28/0OV (b) OCHI-31/0V (c) and OCHI-
40/0V (d) mixtures at 7= 0.01, pH 5.8, 23°C and C™, = 0.20 wt.%
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Figure 3 shows turbidity values (1) as a function of ¢ of OCHI/OV complex systems based on OCHI-25, OCHI-28,
OCHI-31, and OCHI-40. Using the turbidity as a function of ¢, transitions in OCHI/OV mixed system between miscible,
soluble complex, and insoluble complex can be pinpointed (Figures 3a-d, region I-V). As shown, turbidity of OCHI/
OV mixture depends on DA and ¢ values, and consequently, on the charge ratio of two biopolymers in the complex.
Thus, the dependence of T on ¢ has an extremal character with the maximum observed at ¢,,,, = 0.10 for OCHI-25
systems, ¢,,,, = 0.045 for OCHI-28/OV system, ¢,,, = 0.13 for OCHI-31/OV system and ¢,,,, = 0.90 for OCHI-40/0V
system, respectively. The t,,, value is maximal for the system containing the most charged OCHI-25, and it is minimal
for the system containing the lesser charged OCHI-40. As it follows from turbidity data, it seems that the electrostatic
interaction of oppositely charged OV and OCHI macroions plays an important role in the complexation of these
biopolymers. As OV has MW = 45 kDa** with that of OCHI being on average 12 kDa, it is possible to approximately
calculate the “molar” ratio OCHI/OV in the complex phase. A simple calculation can show that this ratio is ~1:2.8 mole
OCHI/mole OV for OCHI-25/0OV systems, and ~1:2 for OCHI-31/0OV systems. Unexpectedly, the molar ratio of OCHI-
28/0V in the complex phase is significantly different from those determined for two previous systems (1:6) mole OCHI-
28/mole OV. The g,,.,, values for all the systems studied are small enough and close to each other in value (1 ~2 x 107).
The value g, corresponding to the phase transition equal to g, = 107 for OCHI systems with DA 25% and DA 28%
increases with further increase in DA to 31% and 40% by two-fold and four-fold, respectively.

3.1.3 DLS studies, morphology and aggregate state of the complex phase

DLS studies were carried out to determine the complex particle sizes at different ¢ values. The results of the
measurements are presented in Figure 4a-f.
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Figure 4. The intensity size distribution and volume size distribution as functions of ¢: (a, b) OCHI-25/0V system; (c, d) OCHI-31/0OV system; (e, f)
OCHI-40/0V system. The concentration of OV in mixtures 0.10 wt.% at pH 5.8, /=0.01, 23 °C

The measurements were performed at a constant OV concentration (0.1 wt.%) over a wide range of ¢ values from
0.06 to 1.80. The average sizes of OCHI and OV molecules were of ~3.6 nm and ~6.5 nm, respectively (Figure 4b).
As shown in Figure 3a, the interaction of OV with OCHI-25 at g = 0.10 (g,,,,) corresponding to both the stoichiometric
composition of the system and zero value of zeta potential (Figure 2 b) resulted in the formation of insoluble complexes
with the average size of 850 nm that increased up to 1,300 nm at ¢ = 0.87. A further increase in the weight ratio of
OCHI-25 in the mixture led to a significant decrease in the size of complex particles since complex particles become
positively charged at an excess of OCHI-25. Moreover, the average particle size dropped almost to that of the original
size of the biopolymers at ¢ = 1.80 (Figure 4b). The average particle size altered with increasing ¢ in the OCHI-28/
OV system in the same sequence (data not shown). At increasing ¢, the change in the particle size of OCHI-31/0V and
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OCHI-40/0V systems showed significant differences. First of all, the formation of soluble complexes was observed for
both these systems at relatively low g values (Figure 4c-f), which were not observed for the systems containing OCHI-
25 and OCHI-28. At g > g,,,,, the OCHI-40/0OV system formed complex particles with an average size that exceeded
the limit of the measurements (6 pm). The results of DLS measurement of particle sizes depending on DA value and
the weight fraction of OCHI (g) in the mixture with OV showed a significant role of secondary physical bonds in the
formation and aggregation of complexes.
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Figure 5. Bright field microscopy images of OCHI-25/OV systems at different ¢ values: (a) ¢ = 0.07; (b) ¢ = 0.10; (c) ¢ = 0.20; (d) ¢ = 0.40; (e) ¢ =
0.58; f) ¢ = 0.86. The concentration of OV in the mixture C"oy = 0.35 wt./%. Full length of images is 730 um. pH 5.8, 7= 0.01, 23 °C; (g, h) complex
particles for OCHI-25/0V systems (g) ¢ = 0.20, (h) ¢ = 0.58. Full length of images is 40 pm.

Bright field microscopy was used for visualization of OCHI-25/0V complex systems at different ¢ values with
the images being shown in Figure 5. At ¢ ranged from ¢ = 0.07 to ¢ = 0.40, solid complex particles were slightly
asymmetric in shape and had a pronounced internal structure (Figure 5a-d). Their average dimension ranged from 20
um to 40 um being slightly dependent on the relative content of OCHI in the mixture. With an increase in ¢ up to ¢ = 0.58
and further to g = 0.86, complex particles formed liquid droplets and the complex phase altered its state from solid to
liquid. (Figure 5g-h).

In other words, a phenomenon of complex coacervation is observed. It should be noted that complex coacervation
is usually observed in systems composed of proteins and weak polyelectrolytes, like Arabic gum'® and pectin.”® The
transition from solid complex particles to coacervates is caused presumably by a decrease in the overall charge of pectin
that significantly suppresses the interaction leading to an increased molecular mobility in the complexes apparently
because of a difference in the conformation of molecules.” However, in our case, there is no drop in the surface charge
at ¢ = 0.86 compared to the system at ¢ = 0.20 (Figure 2b). It can be assumed that the transition of complex phase
from the solid to liquid state is caused by a significant alteration in the structure of OV due to an excess of OCHI in the
system. The start of this transition can be traced from two images of the particles of the complex phase at ¢ = 0.20 and ¢
= 0.58 (Figure 5g-h). At ¢ = 0.20, the complex particle has a well-developed mesh structure, while the mesh structure is
already disorganized into an amorphous structure at g = 0.58.

Microscopy images of the complex OCHI-31/0V system at different ¢ values were similar to those observed for
the OCHI-25/0V system. The transition from solid complex particles to coacervates was observed at ¢ > 0.60 (data not
shown).

3.2 Effect of ionic strength, urea and temperature on the complexation

The contributions of Coulomb, hydrogen bonding and hydrophobic forces responsible for the interaction between
OV and OCHI and the formation of OCHI/OV complex particles were evaluated by measuring OCHI/OV systems
turbidity and light scattering intensity of mixed OCHI/OV systems at different ¢ values and varied NaCl and/or urea
concentrations. The effect of increased temperature on the interaction was studied as well. Figure 6a demonstrates the
effect of solution ionic strength on the turbidity values of the systems.

As shown, an increase in ionic strength led to a decrease in the turbidity of all systems containing OCHI with DA
from 25 to 40%. The turbidity values fell by half already at 7= 0.1 for most systems except the OCHI-40/OV system. In
the latter system, the fall occurred at 7 = 0.35. Above / = 0.52, a further increase of the ionic strength did not affect the
turbidity that remained within t = 20-40% of the initial value at /= 0.01 even at an extremely high ionic force (/> 2).
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Figure 6. (a) Turbidity of OCHI-25/0V, OCHI-28/0OV, OCHI-31/0V and OCHI-40/0OV systems as functions of ionic strength at pH 5.8 and 23 °C.
The turbidity values at / = 0.01 were taken as 100%. (b) Turbidity value of OCHI-40/0OV system in the presence of 2 M NaCl as a function of the
molar concentration of urea at pH 5.8 and 23 °C

It is important to note that the turbidity of the free OV solution is almost independent of the solution ionic strength
up to / = 2.0 (insert in Figure 6a). This is not typical of conventional complexation usually occurring in protein/
polyelectrolyte systems. It should be mentioned here that electrostatic interaction between biopolymers in most

complex-forming protein/polysaccharide systems is usually suppressed at the ionic force equal to 7 = 0.5'***% i.e. at
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the same / values as in OCHI/OV systems. Taking into account that the further increase in the ionic strength does not
affect the turbidity of OCHI/OV systems regardless of the degree of OCHI acetylation, it becomes clear that electrostatic
forces affect the complexation and stability of complexes in OCHI/OV systems only partially. Such complexes are also
stabilized by secondary physical interactions (hydrophobic interactions and/or hydrogen bonds). This conclusion is
confirmed by the data of turbidimetric titration of OCHI-40/0OV/2 M NaCl system with urea at pH 5.8 (Figure 6b).

It is well known that the presence of 6-8 M urea in protein solution completely suppresses both hydrophobic
interactions and the formation of hydrogen bonds. Figure 6b shows that as the concentration of urea increases the
turbidity of the system decreases significantly, and the system becomes practically transparent at 8 M concentration of
urea.

To assess the relative contribution of hydrophobic interactions and hydrogen bonds to the complexation, the
effect of temperature on the light scattering intensity and particle size of OCHI-28/0OV and OCHI-40/OV systems was
examined (Figure 7a-b). It is necessary to mention that the systems should be stable during the examination and no
sedimentation should occur during the heating and analysis to receive reliable results. To fulfill the requirements, the
scattering measurements were carried out using supernatants of the complex systems.
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Figure 7. (a) Scattering intensity of supernatant of the OCHI-25/0V(0.25wt%) and OCHI-40/0OV (0.25wt%) systems at ¢ = 0.10 as a function of
temperature at pH 5.8, /= 0.01; (b) Intensity size distribution function of supernatant of OCHI-25/0V(0.25wt%) system at different temperature and
pH 5.8,7=0.01

As shown in Figure 7a, a noticeable increase in the light scattering occurs when the temperature increases from
35 to 55 °C. Taking into account that the scattering values of both OV and OCHI solutions are not sensitive and remain
intact in this temperature region. It can be assumed that the complexation of OV with OCHI is enhanced with an
increase in temperature. The data on the particle size distributions at different temperatures shown in Figure 7b indicate
both an increase in the interaction when the temperature rises from 30 °C to 55 °C and an increase in the quantity of
complex particles with the average size of 400 nm. These data also demonstrate the impact of hydrophobic interaction
on the complexation of OCHI with OV. In its turn, an increase in temperature has an inessential influence on the
scattering of the system thus demonstrating a lower impact of hydrogen bonding on the complexation.

As a result, it can be assumed that the molecular mechanism of the complexation consists of the association of
the oppositely charged OV and OCHI molecules together by electrostatic interaction with the formation of ion pairs
between positively charged amino groups of OCHI and negatively charged carboxyl groups of aspartic and glutamic
acids of OV. This interaction leads to the formation of neutral complex nanoparticles followed by a slow rearrangement
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of these particles and the formation of insoluble complexes stabilized by secondary physical forces.

4. Conclusions

A series of specifically acetylated OCHI samples soluble both in acidic and alkaline solutions are prepared and
used to investigate the main features of their interaction and binding with OV. It is found that the binding of OV to
OCHI and stability of the complexes formed by titration of the systems from the acidic region to the alkaline one and
the opposite way round differ. At constant pH 5.8, electrostatic binding of OV with OCHI-40 considerably decreases
and reaches a maximum at a significantly higher OCHI/OV weight ratio (¢ = 0.95) compared with that of OCHI-25
and OCHI-31 (g = 0.10 ~ 0.13). At different experimental conditions (medium pH and ionic strength, thermal regime),
an exceptional role of hydrophobic interactions in stabilizing insoluble complexes containing OCHI-40 is found. In
contrast to ovalbumin/chitosan complexes described earlier, this new knowledge about the interaction of ovalbumin
with new chitosan derivatives represents an important contribution to the preparation of ovalbumin/chitosan complexes
which can find application for the construction of drug delivery systems.
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