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Abstract Eudragit® L100 (EuL) and Eudragit® S100

(EuS) are synthetic polyanions differing on their electric

charge density. They interact with chymotrypsin (ChTRP),

a basic protein forming soluble and non-soluble complexes.

The complex formation was studied by dynamic light

scattering, isothermal titration calorimetry, native fluorescence

emission, circular dichroism and thermodynamical thermal

stability of the enzyme. EuS was able to bind 33 ChTRP

molecules while EuL, 60. The binding of ChTRP to both

Eu was slightly endothermic and the entropic factor was

responsible for the soluble complexes formation. The

ChTRP-Eu size increases with pH and the binding of

ChTRP to Eu modifies the Eu hydrodynamic radium. The

interaction of ChTRP with Eu did not modify its secondary

or tertiary structure. The thermal stability of ChTRP was

increased when it interacted with both Eu.

Keywords: eudragit, chymotrypsin, polyelectrolytes,

calorimetry

1. Introduction

Eudragits are synthetic polymers soluble in aqueous media

produced by Rohm GmbH & Co. Some of them are basic

and behave as polycations, others, as Eudragit® L100

(EuL) and Eudragit® S100 (EuS) are acid and behave as

polyanions. These two copolymers of 135 kDa of average

molecular weight are based on methacrylic acid and

methyl methacrylate. The ratio of the free carboxyl groups

to the ester groups is approximately 1:1 in EuL and 1:2 in

EuS. These polymers exhibit a pH-sensitive behavior due

to the large quantity of carboxylic groups in their chains.

Their solubility in aqueous media depends on variables

such as pH, temperature and ionic strength of the dissolving

medium. Both polymers can be easily dissolved in neutral

or alkaline media but are insoluble in acid media. The

mechanism by which these polymers become soluble in

alkaline aqueous media involves the release of protons

from the carboxylic groups of the polymers. The difference

between both Eu lies on the fact that EuL has a higher

electric density charge than EuS. This characteristic is

fundamentally important since EuL and EuS present a

differential interaction behavior with other electrically

charged particles.

Many polyelectrolytes (PE) have been used to precipitate

different proteins [1,2] through the formation of protein-

polyelectrolyte complexes. Under certain conditions these

protein-polyelectrolyte complexes become insoluble. In

these cases, the target protein can be recovered from the

solid phase by changing the medium conditions as pH and

ionic strength, among others. This property allows the

isolation of the protein, an interesting application being its

use in bioseparation of target proteins from its natural source.

The mechanism of particle formation in protein precipi-

tation with polyelectrolytes was initially proposed by

Tsuboi et al. [3]. The protein-polyelectrolyte precipitate is
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produced through a two-stage process, the first one being

the formation of soluble protein–polyelectrolyte complexes.

In this step one polyelectrolyte binds several protein

molecules. Generally, this step has been studied by light

scattering and isothermal titration calorimetry. The second

step involves the interaction of several soluble polyelectrolyte-

protein complexes to form a macro (visible) structure. In

this last step electrostatic and van der Walls forces participate

in the interaction. This step has been studied using turbi-

dimetric and conductimetric measurements among others

techniques [4].

Upon the addition of a polyelectrolyte of opposite

electrical charge to a protein solution, the protein molecules

bind to the flexible polyion via coulombic attraction. In this

intrapolymer complex the polyion charges are partially

neutralized by the opposite charges of the protein. Further

addition of polyelectrolyte produces an increase in the

concentration of the soluble complexes. When this

concentration exceeds a certain threshold, larger aggregates

are formed through the association of soluble complexes to

form non-soluble particles.

Eudragits have been reported to interact with proteins to

form soluble and non-soluble macromolecular complexes

[5,6]. The properties of the proteins –as conformation,

exposed surface, among others- could be modified when it

is forming part of these complexes. Thus, it is interesting to

investigate the effect of the complex formation on the

properties of the protein to evaluate its stability and the

applicability of the complexes formation as a bioseparation

strategy.

Chymotrypsin (ChTRP) is a protease widely used in the

food and pharmaceutical industry. It has a single polypeptide

chain of 324 amino acid residues and a molecular weight

of 25.7 kDa. It is one of the proteolytic enzymes of

vertebrate pancreas juice, with an optimum activity of pH

8.2 and an isoelectric point of 9.1. It is widely used in

biotechnology processes. We have used EuL and EuS to

obtain ChTRP from its natural source: bovine pancreas [6]

and we are now interested in achieving a deeper under-

standing of the molecular mechanism of interaction between

these PE and ChTRP and the effect of the Eu on the ChTRP

stability [7,8]. The aim of this work was to characterize,

from a physicochemical point of view, the soluble complexes

formed by two anionic Eudragits (EuL and EuS) and the

basic protein ChTRP.

2. Materials and Methods

2.1. Chemicals

Crystalline ChTRP and N-benzoyl-L-tyrosine ethyl ester

(BTEE) were purchased from Sigma Chem. Co. (USA).

Eudragit L100 (EuL) and Eudragit S100 (EuS) were

generously donated by Ethil Pharma (Buenos Aires,

Argentina) and used without further purification. 

2.2. Determination of the ChTRP activity

The ChTRP assay is based on the hydrolysis of BTEE. The

reaction rate was determined by measuring the absorbance

increase at 256 nm at 25oC, which results from the

hydrolysis of the substrate at 0.6 mM concentration in

100 mM Tris–HCl - 100 mM CaCl2 pH 8.2 buffer.

2.3. Dynamic light scattering measurements

The measurements were performed at 25oC using a Brook-

haven Instrument standard setup (BI200 M goniometer,

BI9000AT digital correlator) with a vertically polarized

Coherent He-Ne Laser (λ = 632.8 nm) as a light source.

The scattering volume was minimized by using a 0.2 mm

aperture and an interference filter before the entrance of the

photomultiplier. Polarized homodyne intensity autocorrelation

functions g2(t) were obtained using a multi-τ mode correlator

with 224 channels. The scattered light was analyzed after

placing the sample cell containing the apparatus in decahy-

dronaphthalene (Aldrich), which is an index-matching liquid.

2.3.1. Data analysis

Normalized electric field correlation functions g1(t), calculated

from the intensity autocorrelation functions g2(t), were

analyzed by using the regularized positive exponential sum

(REPES), which employs the Laplace inversion. The resulting

A(τ) is a distribution of relaxation times:

g2 (t) – 1 = β [ A(τ)exp(-t/τ) dτ]2 (1)

In eq 1, t is the delay time of the correlation function and

β is a coefficient accounting from ideal correlation. The

relaxation time τ or the relaxation frequency Γ(τ-1) is

associated with a diffusion coefficient D through the relation:

D = Γ/q2 (2)

The scattering vector q takes into account the refractive

index of the solvent, n, and the scattering angle, θ, as given

in eq 3:

q = (4πn / λ) sin (θ/2) (3)

The hydrodynamic radii (Rh) were then calculated from

the diffusion coefficient using the well-known Stokes–

Einstein equation: 

Rh = kBT/(6πηD) (4)

where kB is the Boltzmann constant, T is the absolute

temperature, and η is the viscosity of the solvent.

 ∫  ∫



540 Biotechnology and Bioprocess Engineering 18: 538-545 (2013)

2.4. Isothermal titration calorimetry (ITC)

Measurements were performed at 25oC by using a VP-ITC

titration calorimeter (MicroCal Inc., USA). The sample cell

was loaded with 1.436 mL of ChTRP solution (1 mg/mL)

and the reference cell contained Milli-Q grade water.

Titration was carried out using a 0.3 µL syringe filled with

Eu solutions. The experiments were performed by adding

up to 100 aliquots of 3 mL of Eu solutions (0.1% w/v) to

the cell containing the ChTRP solution. The heat associated

in the interaction between ChTRP and Eu was calculated

by discounting the heat of dilution of ChTRP and Eu,

which was determined by the titration of Eu solutions into

the buffer and the buffer into ChTRP solution, respectively.

The resulting data were fitted to a single set of identical

binding sites models using MicroCal ORIGIN 7.0 software

supplied with the instrument. The intrinsic molar enthalpy

change for the binding, ∆H°, the binding stoichiometry, N,

and the intrinsic binding constant K were thus obtained.

The free energy (∆G°) and entropy changes (∆S°) for the

binding reaction were calculated by the fundamental

thermodynamic equations, being R the gases constant and

T the absolute temperature:

∆G° = -R T lnK (5)

∆S° = (∆H° - ∆G°)/T (6)

2.5. Eu effect on the ChTRP secondary structure

Circular dichroism (CD) scans of ChTRP in the absence

and presence of different concentrations of Eu were carried

out using a Jasco spectropolarimeter, model J-8150. The

ellipticity values [θ] were obtained in millidegree (mdeg)

directly from the instrument. The cell pathlength of 0.1 cm

was used for the spectral range 200 ~ 250 nm and 1 cm for

the 250 ~ 300 nm range. The scanning rate was 5 nm/min.

Bandwidth was 0.1 nm. Five scans of each sample were

made.

2.6. Eu effect on the emission of the native ChTRP

fluorescence

This effect was analyzed by obtaining the fluorescence

emission spectrum of the ChTRP at increasing Eu

concentration. The scanning rate was 10 nm/min and the

data acquisition was each 0.1 nm with a slit of 0.1 nm. The

fluorescence spectra were obtained in an Amico Browman

spectrofluorometer Serie 2000 using a thermostatized cuvette

of 1 cm pathlength and were corrected by using the software

provided by the instrument manufacturer.

2.7. Eu effect on the enzymatic activity of ChTRP

The enzymatic activity of ChTRP was determined over

time (up to 26 h) when the enzyme was incubated at

different temperatures (8, 25, and 37oC) in the presence of

different Eu concentrations to check if these polyelectrolytes

affect the ChTRP enzymatic activity. ANOVA was used to

analyze these results.

2.8. ChTRP thermodynamical thermal stability

Thermally induced unfolding was monitored by absorbance

at 280 nm, as it was previously reported [9]. The analysis

of the data was performed assuming an approximation of a

two-state model of denaturation where only the native and

unfolded states were significantly populated and the

absorptivity coefficients of both protein states were different.

The unfolded protein fraction (α) was calculated from:

α = (Ai - AD)/(AN - AD) (7)

where α is the unfolded protein fraction, AN and AD are the

absorbancies of the native and unfolded states respectively,

Ai is the absorbance at a given temperature. Least squares

were used to fit the unfolded protein fraction versus

temperature data and the temperature at the mid-point of

denaturation (Tm) was thus determined. The equilibrium

constant, K, for the unfolding process was calculated from:

K = α / (1 – α) (8)

the free energy (∆G0) was calculated from equation 5.

From fitting the data of ∆G0 versus T, the unfolded entropy

∆S0 was calculated according to:

∆S0 = - ( ∆G0/ T) (9)

The enthalpic change was calculated from the equation:

∆H0 = ∆G0 + T∆S0 (10)

Absorbance measurements were recorded on a Jasco 550

spectrophotometer. The sample temperature was controlled

by peltier heating and measured with a thermocouple

immersed inside the cuvette. The heating rate was 1oC/min.

The data of absorbance versus temperature were collected

by the software provided by the instrument manufacturer.

3. Results and Discussion

3.1. Determination of the Eu and Eu-ChTRP complexes

size by dynamic light scattering

Fig. 1 shows the size distribution of EuL 0.005% w/v in a

medium buffer phosphate 50 mM pH 6.80 obtained at

different scattering angles and extrapolated to scattering

angle 0º. The Rh of both Eu was determined at different pH

conditions (from pH 6.80 to 8.50).

No changes in the Rh of each Eu were observed by

varying the pH value in that range. Although the molecular

weight of both Eu is the same, the Rh of EuL was higher

than the EuS, as shown in Table 1.

∂ ∂
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As the ionization degree of both Eu is 1 in the assayed

pH range (far from the pKa of the COOH groups), all

carboxylic groups are dissociated (and negatively charged)

in the Eu chains. The average number of charged monomers

in one EuL chain is 800 and in one EuS chain is 500, thus,

the electrical charge density is higher in EuL than in EuS

[10]. According to previous reports [11-13], the conformation

of a PE in solution highly depends on its linear electrical

charge density (since it determines the extent of the repulsion

of the charges in the backbone). Taking this into account,

our results are in agreement with the previous reports.

Different from the case of the free Eu, when the size of

the ChTRP-Eu soluble complexes was determined, the

profile of the light scattered was altered by the pH, as

shown Table 1.

Complex conformation (and size) could depend on, at

least, two factors [13,14]. One is the electrostatic interaction:

Attraction between the Eu and the ChTRP, oppositely

charged; repulsion between different ChTRP molecules

bound to Eu, and between different ChTRP-free portions

of the Eu chain. Another factor is the excluded volume

effect (steric effect) of the bulky ChTRP molecules, which

tends to expand the polyelectrolyte chain. The final structure

of the complex depends upon the relative magnitude of

these factors.

The Rh of the ChTRP-EuL complexes was significantly

lower than the Rh of the free EuL in the entire assayed pH

range. This may be indicating that the ChTRP-EuL

conformation is mostly dominated by the electrostatic

interaction: as the ChTRP-EuL ion pairing decreased the

extent of the intrapolymer repulsion of the EuL chain, the

binding of ChTRP to EuL allowed the compaction of the

whole structure. The dependence of the ChTRP-EuL size

on the pH may be due to the change in the ChTRP

neutralization capacity of the negative charges in EuL. Even

when the electrical charge of ChTRP varies approximately

from +4 at pH 6.80 to +1 at pH 8.50, the electrostatic effect

on the ChTRP-EuL conformation is still more significant.

The interaction of EuS with ChTRP induces a decrease

of the size at pH 6.80. However, the ChTRP-EuS complex

size was always higher than the size of free EuS between

pH 7.20 and 8.50. As the conformation of free EuS is

compact, the binding of ChTRP to EuS requires the opening

of the EuS chain to allow the ChTRP to interact with it;

i.e., the steric hindrance may be the predominant effect on

the ChTRP-EuS conformation at higher pH values. In this

case, the change in the net positive charge of ChTRP effect

produced a change in the factor determining the size of the

complex.

The differences in size found between the ChTRP-Eu

complexes formed by each Eu may depend on their electrical

charge density. The electrical charge density affects the size

of the free Eu and may be the determining factor of the

conformation when the Eu interacts with ChTRP.

3.2. Isothermal titration of ChTRP with EuL and EuS

ChTRP was titrated with both Eu. The media conditions

(pH, ionic strength, salt of the buffers) were settled up

according to previous experiments. Saturation behavior

was observed in all the cases as the energy released in the

cell at the end of the titrations became null. In fact, as the

Eu concentration increases, the total heat of interaction

increases up to a constant value when the Eu concentration

is high enough (data not shown). A single binding site model

was fitted to the measured data to provide information

about the thermodynamics of the binding interaction: the

binding constant (K), the stochiometry of the complex

formation (N) and interaction enthalpy (∆H°) [15]. Table 2

shows the results. This model properly describes the

complexation between ChTRP and Eu: N ChTRP molecules

react reversibly with a polyanion chain in the cell.

The spontaneous character of the interactions between

ChTRP and Eu is underlined by the negative Gibbs free

Fig. 1. Size distribution of EuL 0.005% w/v in a medium buffer
phosphate 50 mM pH 6.80 obtained at different scattering angles
and extrapolated to scattering angle 0o. Temperature: 25oC.

Table 1. Hydrodynamic radii (Rh) of EuL and EuS and of the
soluble complexes they form with ChTRP at different pH values.
Polymer concentration: 0.005% (w/v), ChTRP 1 mg/mL

Rh EuL (nm) Rh EuS (nm)

Eu 85 ± 5 57 ± 3

Eu + ChTRP (pH 6.80) 48 ± 4 51 ± 4

Eu + ChTRP (pH 7.20) 53 ± 3 70 ± 4

Eu + ChTRP (pH 7.90) 66 ± 4 65 ± 5

Eu + ChTRP (pH 8.50) 61 ± 4   80 ± 10
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energies. These oppositely charged macromolecules interact

with high affinity, as seen from the high K values. Furthermore,

the binding between the polymers is entropically driven

with a weak unfavorable ∆H°.

The binding constant for the ChTRP-EuS complex was

higher than EuL. This may be due to the difference in the

electrical charge distribution that allows a higher flexibility,

facilitating the EuS chain to adopt multiple conformations

to interact with the ChTRP. Another explanation is that the

separation between the charges in EuS may facilitate the

ChTRP-Eu contact more than the charges separation in EuL.

The enthalpy change was expressed per mol of bound

ChTRP and was slightly positive in both cases. EuL and

EuS have to be ionized to interact by ion pairing with the

ChTRP, and the enthalpy change associated to the ionization

is positive. Thus, the global enthalpy change reflects not

only the enthalpy involved in the ChTRP-Eu interaction

itself but also the ionization and the proton dissociation of

the PE. This fact can explain the difference observed

between our results and those obtained by Romanini et al.

[16] since they used a strong PE as polyvinylsulphonate,

avoiding the endothermic PE dissociation step. The EuL-

ChTRP complex formation was more endothermic than the

EuS-ChTRP complex formation. This may be due to the

difference in the charge amount in both Eu.

The stoichiometry of interaction was 60 ChTRP molecules

per EuL molecule and 33 ChTRP per EuS molecule. The

negative electric charge is almost double in EuL than in

EuS, explaining the difference in the amount of ChRTP

bound to each PE. On the other hand, it is remarkable that

the Eu-ChTRP soluble complexes are negatively charged

(considering the total amount of charges in both Eu and in

the ChTRP bound to them). This net electrical charge may

prevent the interaction among the soluble complexes

allowing them to remain in solution due to the coulombic

repulsion between the soluble complexes.

The Eu-ChTRP association to form soluble complexes

produces a significant ordering in the system. However, the

entropy change is positive in all the cases. This means that

the complex formation process is accompanied by a

disordering in the system, probably caused by the release

of counterions and the restructuring of water molecules

around the charged sites during complexation [12,13,17].

Changes in the Eu conformation may also contribute to the

overall entropy change [18,19]. The entropy change is

higher in the case of ChTRP-EuS complex formation in

agreement with an increase in the Rh value observed for

this Eu when it forms the soluble complex.

3.3. Conformational changes on ChTRP induced by Eu

Circular dichroism (CD) and fluorescence spectroscopy

were used to analyze possible conformational changes in

ChTRP induced by its interaction with both Eu.

Fig. 2 presents the far-UV circular dichroism spectra of

ChTRP in the absence and presence of different Eu

concentrations. ChTRP, like all the serine proteases, has a

poor content of alpha-helix. No significant modification in

the CD spectrum of ChTRP was observed in the presence

of both Eu in the range from 200 to 250 nm. This means

that ChTRP retains its secondary structure unaltered. The

CD spectrum in the range from 250 to 300 nm provides

information about changes in the tertiary structure. No

modifications of the spectra in this range were observed

(data not shown), suggesting that conformational changes

Table 2. Thermodynamic function values associate to the Eudragit–ChTRP complex formation

ChTRP - EuL ChTRP - EuS

∆H0 (cal/mol ChTRP) 356 ± 4 0.4 ± 0.1

N (mol ChTRP / mol Eu) 60 ± 2 33 ± 1

Number of charged monomers per Eu molecule 800 500

K (M-1) (2.1 ± 0.1). 104 (9.9 ± 0.9). 105

∆G0 (kcal/mol ChTRP) -5.93 ± 0.03 -8.23 ± 0.05

∆S0 (cal/K.mol ChTRP) 21.1 ± 0.1 27.6 ± 0.2

∆S0 (cal/K.mol charged monomer in PE) 1.583 ± 0.008 1.82 ± 0.01

Medium phosphate 50 mM pH 7.00.

Fig. 2. Circular dichroism spectra of ChTRP in the absence and
presence of EuL and EuS. ChTRP concentration: 1 mg/mL.
Temperature: 25oC. Medium buffer phosphate 50 mM pH 7.00.
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are not produced in the protein when it is in contact with

these polymers.

Fig. 3 shows the effect of increasing the concentration of

both Eu on the native fluorescence emission spectra. The

native fluorescence emission spectrum of a protein is

sensitive to changes in the polarizability that occurs in the

environment of the tryptophans; therefore, the native

fluorescence signal can be used as an optical probe to

analyze the effect of the interaction with Eu on the tertiary

structure of ChTRP domains containing tryptophan residues

[20]. ChTRP has 8 tryptophan residues, 3 of them accessible

to the solvent, while the others are buried. The fluorescence

band of tryptophan is centered at 340 nm. A slight

enhancement in the native fluorescence emission band is

observed, without any modifications of the peak position.

This last finding suggests that both Eu do not change the

polarizability of the environment of the tryptophan residues

in ChTRP but they induce an increase in the number of

particles in the excited state which may emit a photon.

When the fluorescence emission intensity was plotted vs.

the Eu concentration, a monotone increase in the intensity

band was observed (inset Fig. 3). This is proof of a non-

specific interaction of Eu with the environment of the

tryptophan in ChTRP during the formation of the soluble

complex.

3.4. Eu effect on the biological activity of ChTRP

The stability of ChTRP in the presence of Eu was studied

by measurement of the enzymatic activity. A multivariate

test was performed, including the following factors: presence

of different concentrations of each Eu, temperature and

incubation time. The measurements were performed at

least in duplicate. The analysis of variance showed that the

factors (time, temperature and Eu concentration) did not

interfere with each other (time-temperature, p = 0.96; EuL

concentration-temperature, p = 0.96; EuS concentration-

temperature, p = 0.89; EuL concentration-time, p = 0.85;

EuS concentration-time, p = 0.84). The incubation time (p

= 0.98) and the temperature (p = 0.55) did not affect the

enzymatic activity in the range tested. The presence of Eu

was the only factor that significantly affected enzyme

activity (p = 0.0518 < α = 0.10 for EuL - p = 0.0074 < α

= 0.10 for EuS). In both cases, through Tukey assay [21],

it was found that only the highest tested concentration of

Eu significantly affected the ChTRP activity. However, the

decrease in the enzymatic activity was lower than 5%. We

confirmed the validity of the method: residues are normally

distributed (Shapiro Wilks test: p = 0.9683 for EuL – p =

0.1637 for EuS) with constant variance.

3.5. Thermal stability of free ChTRP and ChTRP

complexed with Eu

For measuring the differences in conformational stabilities

of ChTRP under different conditions (free and complexed

to both Eu), denaturation thermal curves were carried out.

Thermal patterns of ChTRP were obtained by heating it

and calculating its unfolded fraction (α) vs. temperature, as

shown in Fig. 4. By non-linear fitting of the data, the

midpoint temperature of the transition and the thermodynamic

functions associated with the unfolding process were

calculated, assuming a two-state model. The mean values

for the calculated thermodynamic parameters are listed in

Table 3. Both Eu induced a slight increase in the

Fig. 3. Fluorescence emission spectra of ChTRP in the presence
of increasing concentration of EuL. ChTRP concentration: 1 mg/mL.
Temperature: 25oC. Medium buffer phosphate 50 mM, pH 7.00.
λexcitation: 280 nm. Inset: fluorescence emission intensity at 340 nm
vs. EuL concentration.

Fig. 4. Thermal stability of ChTRP in the absence and presence of
Eu. ChTRP concentration: 1 mg/mL. Heating rate 1oC/min.
Medium buffer phosphate buffer 50 mM, pH 7.0.



544 Biotechnology and Bioprocess Engineering 18: 538-545 (2013)

temperature at the transition midpoint (around 1oC). The

last column of Table 3 shows the ( α/ T)0.5 values, i.e., the

derivative of the α vs. T curve calculated at α = 0.5. This

variable is related to the cooperative effect associated to the

ChTRP thermal unfolding. Thus, an increase in this value

is associated to an increase in the cooperative effect [9]. As

is shown in Table 3, only EuS produces an increase in

the cooperative effect, this increase being concentration-

dependent. This finding agrees with the fact that EuS-

ChTRP soluble complexes have a more open structure than

EuL-ChTRP complexes, that structure being more sensible

to the temperature increase.

From the stability curves, applying equations 7 to 10, the

thermodynamic function values were calculated. They are

included in Table 3. It is well known that entropic and

enthalpic changes are positive for the process of thermal

denaturation of proteins [9,22]. These positive changes are

associated with the loss of ordered water molecules around

the hydrophobic areas of the ChTRP without change in its

tertiary structure. The presence of Eu interacting with ChTRP

promotes the formation of a bigger and more thermally

stable structure, compared to free ChTRP. This fact is

reflected in the increase of the Tm value and in the

significant increase in the unfolding entropic change. This

can be explained considering that the final state regarding

the unfolding of ChTRP when it is complexed with Eu is

more disordered that the final state of free ChTRP: the

unfolding of ChTRP possibly produces the release of the

ChTRP from its interaction with Eu, increasing, in this

way, the number of free molecules in solution. 

4. Conclusion

In a previous report [6] we demonstrated the efficiency of the

anionic polyelectrolyte EuL and EuS to precipitate ChTRP,

partially purifying it from bovine pancreas homogenate

with an appropriate recovery and purification factor. In this

paper, we have studied the interaction between ChTRP and

these PE to understand the mechanism of complex formation

and the effect of the presence of these polymers on ChTRP

stability.

In an early work, Tsuboi et al. [3] proposed that the

complex formation between a protein and a polyelectrolyte

is composed by two sequential steps, the first one being the

binding of the protein molecules to the flexible polyion via

Coulombic attraction. This association results in a soluble

complex, in which the polyion´s electrical charges are

balanced by the protein´s opposite charges. Bohidar et al.

[23] postulated that in this first step, all the free protein

molecules are consumed and that the spacing among the

electrical charges on the proteins is variable and not

complementary to the very small and uniform spacing

between polymer charges. Our findings are in agreement

with the results reported by Cooper et al. [4]. As shown in

the scheme (Fig. 5), our results suggest that as the electrical

charges of the Eu are neutralized, due to the ChTRP

binding, the Eu conformational entropy changes according

to its chemical structure. Thus, in the case of EuS, which has

a more open structure than EuL and in which the electrical

charges are more scattered, the neutralization of the

charges by ChTRP binding does not modify significantly

the polymer conformation. In the case of EuL, the electrical

charges are repelled and the conformation of the polymer

is further extended. When the electrical charges are neutralized,

the attraction of the hydrophobic chain becomes important

and the result is a significant contraction in the volume of

∂ ∂

Table 3. Thermodynamic variables calculated at 25oC associated to the ChTRP thermal unfolding in the presence of Eu

Tm (oC) ∆G0 (kcal/mol) ∆S0 (e.u.) ∆H0 (kcal/mol) (∂α/∂T)α=0.5

ChTRP 54.3 ± 0.1 7.1 ± 0.3 201 ± 7 67.0 ± 0.4 0.102 ± 0.007

ChTRP + EuL 0.005% w/v 55.2 ± 0.1 7.3 ± 0.4 208 ± 8 69.1 ± 0.4 0.103 ± 0.009

ChTRP + EuL 0.010% w/v 55.2 ± 0.1 7.6 ± 0.4 226 ± 9 74.9 ± 0.4 0.106 ± 0.009

ChTRP + EuS 0.002% w/v 55.2 ± 0.2 9.4 ± 0.5 280 ± 10 92.0 ± 0.5 0.13 ± 0.01

ChTRP + EuS 0.004% w/v 55.4 ± 0.1 12.6 ± 0.6 370 ± 20 123.4 ± 0.7 0.17 ± 0.02

Heating rate: 1 degree/min. ChTRP concentration: 1 mg/mL. Medium buffer phosphate 50 mM, pH 7.00.

Fig. 5. Scheme of Eu-ChTRP complexes formation.
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the complex.

The difference in electrical charge density is also reflected

in the stoichiometry of the soluble complexes [4,24] and in

the enthalpy of Eu-ChTRP interaction.

The ChTRP complexation with both Eu did not produce

any significant structural changes in the enzyme molecule,

thus the secondary and tertiary enzyme structure was not

modified; additionally, its biological activity remained

constant at low polymer concentration. These results are

important because they are demonstrating the validity of

the precipitation method. On the other hand, both Eu

induced an increase in the thermodynamic stability of

ChTRP, which is important since the presence of these

polymers may be beneficial in the case of ChTRP storage.

EuS proved to be a better stabilizer of the enzyme since the

enthalpic and the free energy changes of the denaturation

process were increased more by this polymer than by EuL.
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Nomenclature

EuL : Eudragit®L100

EuS : Eudragit®S100

ChTRP : Chymotrypsin

PE : Polyelectrolyte

ITC : Isothermal titration calorimetry

DLS : Dynamic light scattering

CD : Circular dichroism

References 

1. Zhang, J., Z. He, and K. Hu (2000) Purification and character-
ization of β-mannanase from Bacillus licheniformis for industrial
use. Biotechnol. Lett. 22: 1375-1378.

2. Mazzaferro, L., J. D. Breccia, M. M. Andersson, B. Hitzmann,
and R. Hatti-Kaul (2010) Polyethyleneimine–protein interactions
and implications on protein stability. Int. J. Biol. Macromol. 47:
15-20.

3. Tsuboi, A., T. Izumi, M. Hirata, J. Xia, P. L. Dubin, and E. Koku-
futa (1996) Complexation of proteins with a strong polyanion in
an aqueous salt-free system. Langmuir 12: 6295-6303.

4. Cooper, C. L., P. L. Dubin, A. B. Kayitmazer, and S. Turksen
(2005) Polyelectrolyte–protein complexes. Curr. Opin. Colloid

Interface Sci. 10: 52-78.
5. Gupta, M. N., D. Guoqiang, R. Kaul, and B. Mattiasson (1994)

Purification of xylanase from Trichoderma viride by precipitation
with an anionic polymer Eudragit S 100. Biotechnol. Tech. 8:
117-122.

6. Cappella, L. V., V. Boeris, and G. Picó (2011) A simple method of
chymotrypsin concentration and purification from pancreas
homogenate using Eudragit® L100 and Eudragit® S100. J.
Chromatogr. B. 879: 1003-1007.

7. Harnsilawat, T., R. Pongsawatmanit, and D. J. McClements
(2006) Characterization of β-lactoglobulin–sodium alginate inter-
actions in aqueous solutions: A calorimetry, light scattering, elec-
trophoretic mobility and solubility study. Food Hydrocolloids 20:
577-585.

8. Boeris, V., D. Spelzini, J. Peleteiro Salgado, G. Picó, D. Roma-
nini, and B. Farruggia (2008) Chymotrypsin–poly vinyl sulfonate
interaction studied by dynamic light scattering and turbidimetric
approaches. Biochim. Biophys. Acta Gen. Subj. 1780: 1032-1037.

9. Pace, C. N. (1990) Measuring and increasing protein stability.
Trends Biotechnol. 8: 93-98.

10. Röhm GmbH & Co. KG Pharma Polymers. www.rohm.com.
11. De Gennes, P. G., P. Pincus, R. M. Velasco, and F. Brochard

(1976) Remarks on polyelectrolyte conformation. J. Phys.
France 37: 1461-1473.

12. Khokhlov, A. R. (1980) On the collapse of weakly charged poly-
electrolytes. J. Phys. A: Math. Gen. 13: 979-987.

13. Van de Steeg, H. G. M., M. A. Cohen Stuart, A. De Keizer, and B.
H. Bijsterbosch (1992) Polyelectrolyte adsorption: A subtle bal-
ance of forces. Langmuir 8: 2538-2546.

14. Cousin, F., J. Gummel, D. Ung, and F. Boué (2005) Polyelectro-
lyteprotein complexes: Structure and conformation of each
specie revealed by SANS. Langmuir 21: 9675-9688.

15. Velázquez-Campoy, A., H. Ohtaka, A. Nezami, S. Muzammil,
and E. Freire (2001) Isothermal Titration Calorimetry. In: Cur-
rent Protocols in Cell Biology. John Wiley & Sons, Inc.

16. Romanini, D., M. Braia, R. G. Angarten, W. Loh, and G. Picó
(2007) Interaction of lysozyme with negatively charged flexible
chain polymers. J. Chromatogr. B 857: 25-31.

17. Jones, O., E. A. Decker, and D. J. McClements (2010) Thermal
analysis of β-lactoglobulin complexes with pectins or carrag-
eenan for production of stable biopolymer particles. Food Hydro-
colloids 24: 239-248.

18. Wang, Y., K. Kimura, Q. Huang, P. L. Dubin, and W. Jaeger
(1999) Effects of Salt on PolyelectrolyteMicelle Coacervation.
Macromol. 32: 7128-7134.

19. Prabhu, V. M. (2005) Counterion structure and dynamics in poly-
electrolyte solutions. Curr. Opin. Colloid Interface Sci. 10: 2-8.

20. Lakowicz, J. R. (2006) Principles of fluorescence spectroscopy.
Plenum Press, NY, USA.

21. Driscoll, W. C. (1996) Robustness of the ANOVA and Tukey-
Kramer statistical tests. Comput. Ind. Eng. 31: 265-268.

22. Fuciños González, J. P., G. Bassani, B. Farruggia, G. A. Picó, L.
Pastrana Castro, and M. L. Rua (2011) Conformational flexibility
of lipase Lip1 from Candida Rugosa studied by electronic spec-
troscopies and thermodynamic approaches. Protein J. 30: 77-83.

23. Bohidar, H. P. L. Dubin, P. R. Majhi, C. Tribet, and W. Jaeger
(2005) Effects of Proteinpolyelectrolyte affinity and polyelectro-
lyte molecular weight on dynamic properties of bovine serum
AlbuminPoly(diallyldimethylammonium chloride) Coacervates.
Biomacromol. 6: 1573-1585.

24. Gummel, J. F. Boué, B. Demé, and F. Cousin (2006) Charge sto-
ichiometry inside polyelectrolyteprotein complexes: A direct
SANS measurement for the PSSNalysozyme system. J. Phys.
Chem. B 110: 24837-24846.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.33333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.33333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 150
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.33333
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


