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Abstract

At 298.15 K, the solubilization of hen ovotransferrin at buffered pH 7.8 (0.08 M Tris·HCl buffer, con-

taining 0.1 M CaCl2) and the solubilization of α-chymotrypsin (from bovine pancreas) at non-buffered

pH 3.0 (0.001 M HCl) both resulted in large exothermic reactions, being the apparent ∆Hs –2485 in the

first case and –780.1 kJ mol–1 in the second case, respectively. By contrast, the complete hydrolysis of

ovotransferrin (pH 7.8) achieved by using α-chymotrypsin (pH 3.0) gave an endothermic reaction with

∆H=+31.84 kJ mol–1.
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Introduction

Transferrins comprise a group of single-chain glycoproteins (approx. 80 kDa) found in

the blood plasma of vertebrates down to the hem lymph of chordates [1, 2]. These

glycoproteins include mainly serum transferrin from many species, lactotransferrin from

mammalian milk and ovotransferrin from avian egg white. All types of transferrins pos-

sess two similar lobes, N- and C-terminal, each with a single binding site for Fe(III) [3].

The main function associated with these glycoproteins is the transport of iron to dividing

cells and in some cases a bacteriostatic action has been also evidenced as for lacto-

transferrin [3].

Hen ovotransferrin, the molecular mass of which is 77 770 Da [4], consists of

686 amino acid residues, 61 of which are aromatic, and a tetra-antennary carbohy-

drate side-chain (glycan) attached to asparagine-473 located at C-lobe [4, 5].
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The only calorimetric studies reported for this protein concern mainly the bind-

ing of ferric ions and interaction between binding site, both in the whole molecule

and in the corresponding N- and C-terminal half-molecules [6].

Chymotrypsin (EC. 3.4.21.1) is a serine endopeptidase, specifically hydrolyzing

peptide bonds at the C-terminus of aromatic amino acids such as tyrosine, phenyl-

alanine and tryptophan [7]. The enzyme from bovine pancreas, with a molecular mass

of 25 666 Da [8], has been extensively studied [9–11] and it is stable for days in solu-

tion at non-buffered pH 3.0 and for years as a dry powder when stored refrigerated.

Although a plenty of thermodynamic studies have been reported for such an enzyme

[12–16], at the moment no calorimetric data are available, concerning the heat of pro-

tein hydrolysis where chymotrypsin acts as a protease.

Thus, in order to get further accurate knowledge of the thermodynamics proper-

ties of hen ovotransferrin and chymotrypsin in its α-form (from bovine pancreas), in

the present paper we report the heats of solubilization of both proteins and then the

heat of hydrolysis when ovotransferrin is treated with α-chymotrypsin.

Moreover, although our main interest was devoted to the determination of heat

of hydrolysis, for such a determination, in our experimental design, it was necessary

to measure the heats of solubilization of both ovotransferrin and α-chymotrypsin,

each protein in its specific buffer.

Eventually, in our experimental conditions large enthalpy values accounting for

an exothermic reaction were obtained when both proteins were separately solubil-

ized, but an endothermic reaction was detected when ovotransferrin hydrolysis oc-

curred in the presence of α-chymotrypsin.

Experimental

Hen ovotransferrin (OTf) was purified to homogeneity according to Williams [17].

α-Chymotrypsin (α-CT) type II from bovine pancreas (53 units mg–1 of protein), 3×

crystallized from 4× crystallized chymotrypsinogen; essentially salt-free was from

Sigma Chemical Co. (St. Louis, MO, USA). Both proteins were separately dialyzed

extensively against MilliQ grade water and, when analyzed by SDS-PAGE, both

gave a single band corresponding to their specific molecular mass (about 80 kDa for

OTf and around 25 kDa for α-CT), indicating that both protein preparations were

pure (data not shown).

In the first experimental phase, after calibration, weighed amounts of Tris buffer

(0.08 M Tris·HCl, pH 7.8 containing 0.1 M CaCl2) were loaded in the reaction vessel

of a Tronac 450-458 isoperibol calorimeter which works in quasi-adiabatic condi-

tions; then, pre-determinated amounts of lyophilized OTf were added by means of

glass bulbs. The solution reaction that was recorded in this case was the following:

OTf(s)=OTf(aq)

In the second experimental phase, after calibration, weighed amounts of 0.001 M

HCl solution were loaded in the calorimeter reaction vessel; then, pre-determinated
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amounts of lyophilized α-CT were added by means of glass bulbs. In this case the moni-

tored solution reaction was the following:

α-CT(s)=α-CT(aq)

In the third experimental phase, after calibration, weighed amounts of OTf in

Tris buffer (0.08 M Tris·HCl, pH 7.8 containing 0.1 M CaCl2) were loaded in the cal-

orimeter reaction vessel; then, pre-determinated and appropriate amounts of α-CT in

0.001 M HCl were added by means of a calibrated micro-titration buret. In this last

case the solution reaction under study was the following:

OTf(aq)+α-CT(aq)+H2O(aq)=oligopeptides(aq)+α-CT(aq)

In all three cases, thermal equilibrium was usually obtained within 20 min after

charging the apparatus at around 298.15 K, and then about 10 min was allowed for

the reaction to reach completion after mixing the reagents.

The temperature changes in the vessel were measured by using a thermistor and

a Fluka model 8810A digital multimeter, and both reaction and cooling curves were

recorded by means of an Olivetti M24 computer and a Hewlett Packard HP3396A in-

tegrator. Computer programs (in BASIC) containing calculation methods for the de-

termination of solubilization and hydrolysis heats and reaction in isothermal and

quasi-adiabatic calorimeters were used [18–20]. In particular, the method of heats

calculation was founded on the hypothesis that the calorimeter really exhibited adia-

batic behaviour throughout the reaction, but in the real trend the adiabatic value tem-

perature is given by the following reaction (Fig. 1).

∆Tadb=∆Tobs+∆Tcorr (1)

The ∆Tcorr can be written as [16]
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Fig. 1 Temperature-time curves for exothermal real and ideal adiabatic exothermal reactions
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Then, since after the end of the calibration or the chemical reaction ∆Tadb would

have been equal to zero, from Eq. (1) one can obtain

∆Tobs= –∆Tcorr (3)

and again
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where K/C represents the instantaneous power and the mole number of the reaction

curve.

Equation (4) provides a differential equation, which solved with the initial con-

dition Tt0
=T0 gives the solution

T T T T− = −∞ ∞( )
)

0 e
–K/C(t– t0 (5)

The term K/C can be obtained as

K/C= –ln(T–T∞ /T0–T∞ )/(t–t0) (6)

Lastly, for the reaction curve, two steps were necessary:

a) calculation of the corrective temperature term

∆T K C T T t= − ∞∫/ ( )t

t

t

d

0

(7)

b) calculation of the heat capacity by means of the expression

C=Pcal/dT/dt+K/Cx(T–T∞ ) (8)

where Pcal is the instantaneous power which is measured by reading the calibration

current and the potential drop of calibration heater resistance (for any further detail

about program description and equations applied [20]).

The heats of hydrolysis reported in Table 1 were obtained subtracting to the

changes of heats, the heat of dilution (–2 kJ mol–1) corresponding to the addition of

0.001 M HCl to OTf (0.3 mg mL–1) in Tris buffer solution (0.08 M Tris·HCl, pH 7.8

containing 0.1 M CaCl2).

Last, protonization thermal effects of OTf, α-CT, and buffer after hydrolysis re-

action were not considered because it was beyond the aim of the present study.
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Table 1 Change in enthalpy at 298.15 K on: A) solubilization of OTf (considering a molecular
mass of 77 770 Da [4]); B) solubilization of α-CT (considering a molecular mass of
25 666 Da [8]); C) hydrolysis of OTf by α-CT

Solvent/protein
solution/g

Protein/
g·102

∆H/
J·103

∆H/
J g–1

∆H/
kJ mol–1

Averagea

(Std)a

A) Tris buffer, pH 7.8 OTfb

50 1.4590 –464.3 –31.82 –2475

50 1.8091 –578.7 –31.99 –2488 –2485 (±8)

50 1.3582 –435.4 –32.06 –2493

B) 0.001 M HCl α-CTb

50 1.2512 –370.9 –29.65 –761.0

50 1.1760 –359.4 –30.56 –784.4 –780 (±14)

50 1.1481 –355.6 –30.97 –795.0

C) OTfc α-CTd

50 0.0620 +6.159e +0.410e +31.93e

50 0.0619 +6.139e +0.409e +31.83e +31.84e (±0.07)

50 0.0618 +6.126e +0.408e +31.76e

aReferred to molar enthalpy (fifth column)
bProteins added in their lyophilized form
cOTf concentration was 0.3 mg·mL–1 in Tris buffer (0.08 M Tris·HCl, pH 7.8 containing 0.1 M CaCl2)
dα-CT concentration was 0.25 mg·mL–1 in 0.001 M HCl
eValues related to the amount of OTf

Results and discussion

Lyophilized OTf (from hen egg white) and α-CT (from bovine pancreas) were separately

dissolved in two different aqueous solutions and the heats of solubilization were calcu-

lated by processing the corresponding thermal curves with a specific computer program.

Subsequently, an aqueous solution of α-CT (2.5 g; α-CT=0.25 mg mL–1 in 0.001 M HCl)

to an OTf buffered solution (50 g; OTf=0.3 mg mL–1 in 0.08 M Tris·HCl, pH 7.8 contain-

ing 0.1 M CaCl2) was added and the heat of hydrolysis measured after processing the

thermal curve.

When the proteins were separately dissolved in their specific aqueous solutions

an exothermic reaction was recorded in both cases. In particular, an associated ∆H
value of –2485 kJ mol–1 was obtained for OTf (considering a molecular mass of

77 770 Da [4]) and –780.1 kJ mol–1 for α-CT (considering a molecular mass of 25 666

Da [8]) (Table 1).

When OTf was subjected to the hydrolytic action of α-CT an endothermic reac-

tion occurred being the ∆H value around +31.84 kJ mol–1 (Table 1). This value was

corrected for the heat measured when 0.001 M HCl (2.5 g) was added to 50 g of Tris

buffer solution with OTf at 0.3 mg mL–1; in this case an exothermic reaction with a

∆H value of about –2 kJ mol–1 was obtained (data not shown). Interestingly, the stan-

dard deviation corresponding to the hydrolysis heat was lower than the standard devi-
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ations related to the heats of solubilization (0.069 vs. 7.594 for OTf solubilization and

14.31 for α-CT solubilization) indicating a great reproducibility and congruity for the

hydrolysis experiments (Table 1).

The aqueous solutions where the two proteins were separately dissolved, were

chosen according to a standard procedure set up by Hummel [21]. In this procedure,

which permits to determine the intrinsic α-CT activity, the assay is conducted at 25°C

and the substrate to be hydrolyzed is dissolved in 0.08 M Tris·HCl buffer, pH 7.8 con-

taining 0.1 M CaCl2 whereas the hydrolytic enzyme is dissolved in 0.001 M HCl, in

fact at pH 3.0 α-CT shows its greatest stability [21].

Considering the temperature we have chosen to measure all the heats here reported,

there are two main reasons. The first one is that as stated above, the enzymatic activity of

α-CT is usually recorded and measured at 25°C (298.15 K), the second reason is that we

have also tried to measure the heat of hydrolysis at 37°C but our protease was very unsta-

ble in such conditions, in fact, the corresponding thermal curves obtained were not suit-

able to be processed by our computer program (data not shown).

Moreover, to be sure that the reaction hydrolysis was completed in a very short

time (<30 s), 33 units of α-CT (corresponding to 0.620 mg) were added to about

2·10–7 mol of OTf. In fact, since by standard definition, one unit of α-CT at 25°C will

hydrolyze 1.0 µmole of substrate per min at pH 7.8, in our experimental conditions,

the C-terminus of the 61 aromatic amino acid residues present in OTf [4], could be

completely hydrolyzed by α-CT in less than 22 s (producing 62 different oligo-

peptides). In effect, as judged by SDS-PAGE analysis, OTf resulted to be completely

hydrolyzed in our conditions (data not shown).

Then, in this paper, besides some thermodynamics properties of two proteic

macromolecules, we report the heat of hydrolysis when a protease such as α-CT (from

bovine pancreas) acts upon a single-chain glycoprotein such as hen OTf. In all the other

known studies where α-CT is reported to catalyze hydrolysis reactions, the substrates

used are very small molecules compared to hen OTf [12–16]. Then, our study is the first

one where a biomacromolecule such as OTf is utilized as substrate for the action of

α-CT. For that, due to the lack of any scientific literature that may exist in this area of re-

search, attempts to integrate the present results have been in vain.

Of course, it would also be very interesting to know how the enthalpy of hydro-

lysis varies with the pH or with the temperature or with the buffer, but these types of

studies are beyond the aim of the present paper.

Conversely, at the moment studies are in progress to ascertain if other forms of

chymotrypsin, i.e. β-, γ- and δ-chymotrypsin, from the same source, behave differ-

ently from the α-form.

* * *

This work was supported by funds from M.U.R.S.T. (Ministero dell’Università e della Ricerca

Scientifica e Tecnologica, Rome, Italy).

J. Therm. Anal. Cal., 65, 2001

742 D�ANDREA et al.: SOLUBILIZATION OF OVOTRANSFERRIN AND OF α-CHYMOTRYPSIN



References

1 D. C. Harris and P. Aisen, Iron Carriers and Iron Proteins. T. Loehr, Ed. VCH Publishers, New

York 1989, p. 239.

2 N. S. Bartfeld and J. H. Law, J. Biol. Chem., 265 (1990) 21684.

3 P. Aisen and I. Listowsky, Annu. Rev. Biochem., 49 (1980) 357.

4 J. Wiliams, T. C. Elleman, I. B. Kingston, A. G. Wilkins and K. A. Kuhn, Eur. J. Biochem.,

122 (1982) 297.

5 L. Dorland, J. Haverkamp, J. F. G. Vliegenthart, G. Spik, B. Fournet and J. Montreuil,

Eur. J. Biochem., 100 (1979) 569.

6 L.-N. Lin, A. B. Mason, R. C. Woodworth and J. F. Brandts, Biochemistry, 30 (1991) 11660.

7 M. Laskowski, Methods in Enzymology. S. P. Colowick and N. O. Kaplan, Eds, Academic

Press, New York 1955, Vol. 2, p. 8.

8 J. R. Brown and B. S. Hartley, Biochem. J., 101 (1966) 214.

9 K. Martinek, S. D. Varfolomeev, A. V. Levashov and I. V. Berezin, Mol. Biol., 5 (1971) 278.

10 B. Meloum, I. Kluh, V. Kostka, L. Moravek, Z. Prusik, J. Vanacek, B. Keil and F. Sorm,

Biochim. Biophys. Acta, 130 (1966) 543.

11 P. E. Wilcox, Methods in Enzymology. S. P. Colowick and N. O. Kaplan, Eds, Academic

Press, New York 1970, Vol. 19, p. 64.

12 M. Luscher and M. Ruegg, Biochim. Biophys. Acta, 533 (1978) 428.

13 M. Luscher, M. Ruegg and P. Schindler, Biochim. Biophys. Acta, 536 (1978) 27.

14 A. Oste-Triantafyllou, E. Wehtje, P. Adlercreutz and B. Mattiason, Biochim. Biophys. Acta,

1295 (1996) 110.

15 B. Galunsky, S. Ignatova and V. Kasche, Biochim. Biophys. Acta, 1343 (1997) 130.

16 http://bmcd.nist.gov:8080/enzyme/enzyme.html

17 J. Williams, Biochem. J., 108 (1968) 57.

18 F. Rodante and A. Onofri, Thermochim. Acta, 94 (1985) 239.

19 F. Rodante and R. Rosati, Thermochim. Acta, 117 (1987) 167.

20 F. Rodante, A. Onofri and P. Perticaroli, Thermochim. Acta, 124 (1988) 185.

21 B. C. W. Hummel, Can. J. Biochem. Physiol., 37 (1959) 1393.

J. Therm. Anal. Cal., 65, 2001

D�ANDREA et al.: SOLUBILIZATION OF OVOTRANSFERRIN AND OF α-CHYMOTRYPSIN 743


