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Abstract

A solution of betalactoglobulin (b-LG) isolate (10% protein, w/w, in 0,5M TRIS buffer, pH 7
and phosphate buffer 0,5M, pH 7) was processed for about 10 min. at 1, 500, 1000, 1500, 1750
barr at 25°C, in water (25°C) as pressure transmitting medium (PTM). Sample temperature was
monitored with T thermocouples located in the sample cylinder. The same b-LG isolate solution was
also processed at different pressure and low temperature and the effects were studied with two
methods: the spectrophotometry and differential scanning calorimetry. The results measured by
spectrophotometry after pressure treatments at 25°C indicated vary small shift, about 1nm, these
results indicating that the effects of pressure are not very significant. By measuring the effects of high
pressure on b-LG with spectrophotometry onling, the results indicated a very large shift, about 10nm
at 1750 bar and 25°C, this meaning that the structure of protein is changed under high pressure and
tryptophan residues became more exposed to an aqueous microenvironment. The application of 2000
bar at different temperatures (25°C and 0°C) revealed that the changes of bLG structures are more
significant at low temperature.
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Introduction

B-lactoglobulin (b-LG) is the major whey protein secreted in the milk of ruminants
like the cow or sheep, and monogastrics like pigs, horse, dog or cat. It is absent in the milk of
humans or rodents. Bovine b-LG can be readily isolated and, since its isolation from milk by
Palmer in 1934, it has been extensively studied by every essentially technique available.
Despite this, however, its biological function remains uncertain.

b-LG is very pressure sensitive in proportion to its small size and globular structure.
Upon pressure treatment, conformational changes occur resulting in solvent exposure of
tryptophan residues and increased reactivity of the free thiol group on Cys121 [9, 15].
Solution studies of native b-lactoglobulin have indicated that pressure treatment has a notable
effect on the protein’s conformational and aggregation properties, which are more extensive at
higher concentrations.

Its pressure-induced denaturation at ambient and higher temperatures has been
reported in terms of unfolding and aggregation. b-LG unfolding and loss of native structure
through processing at 50-450 MPa and 25°C was investigated during or after pressure
processing using methods such as differential scanning calorimetry (DSC) [2] fluorescence of
the b-LG molecule [1, 13, 14] or of the retinol/b-LG complex [16], circular dichroism (CD)
[8], Fourier transform infra-red (FTIR) spectroscopy, nuclear magnetic resonance (NMR) [6,
17] or reactivity of the free thiol group to Ellman's reagent [9, 17]. Unfolding and aggregation
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of b-LG appear to be both pressure and time dependent [7, 13, 14, 17] and to be more
extended at pH 7.0 than at pH 3.0 [1]. Structural changes were observed at 50 MPa, as shown
by hydrogen/deuterium exchange and NMR at pD 7.0 [16] or by spectrofluorimetric methods
[13]. The enthalpy of thermal denaturation (DHtd) of 2-5% b-LG solutions, pH 7.0, was
reduced by half after pressurization at 450 MPa and 25°C for 15 min, indicating extensive but
subtotal unfolding of the protein structure [2]. Partial refolding was observed with time after
pressure release [2, 9, 13]. It was suggested that partial unfolding induced at 150-450 MPa
and 25°C favors the aggregation [2]. Pressure-induced aggregation of b-LG (2.5% protein, pH
7.0) was due to the formation of intermolecular S-S bonds through thiol/disulphide
interchange reactions (rather than through SH oxidation) [4, 5], followed by the formation of
b-LG polymers, as already observed for heat-induced aggregation [11, 12]. However, the
microstructure and mechanical properties of pressure-induced b-LG gels (10-14% protein, pH
7.0), as well as the FTIR spectra of 10% b-LG solutions, suggest different mechanisms for
temperature or pressure-induced gelation of b-LG [3, 6].

The present study deals with the effects of low temperature and high pressure under b-
LG and revealing the effects of structure changes online, during pressure treatments by
fluorecence spectophotometry and DSC after pressure treatments.

Materials and methods

Materials

b-LG derived from bovine milk, approximately 90% chromatographically purified and
lyophilized (Sigma Chemical), was dissolved in either 0,5 M phosphate buffer pH 7.0 or 0,5
M TRIS buffer, pH 7 to provide concentration of 10% protein, w/w for differential scanning
calorimetry DSC and spectrofluoresence. The concentration of protein solutions were
determined by spectrophotometry with an extinction coefficient of 0.96 for a 10 mgml™
solution at 278 nm in a 10 cm path length.

Methods

High pressure processing

Prepared samples of the protein were placed in 1.5 ml plastic microcapsules (Life
Sciences, UK) and loaded into a 316 stainless steel pressure vessel with a 3 ml working
capacity. The remaining volume was filled with water used as the pressurizing medium. The
temperature of the vessel was regulated by immersion in a thermostated water bath Julabo
F81, Germany. Hydraulic pressurization was achieved using a hand pump (Novaswiss,
Suisse). A series of test conditions used different combinations of pressures and temperatures
was achieved. For the study of structure changing of b-LG on line under high pressure was
used a special optic cell ((Institute of High Pressure Physics, Poland), with three windows.

Spectrofluorometry

Intrinsic fluorescence emission spectroscopy, used to study the tertiary structure,
dynamics and interactions of pressure-temperature treated b-LG in solution, was measured
using Fluorolog Il (Jobin Yvon, Horiba group, USA) fluorometer. Emission spectra were
obtained using an excitation wavelength (Ae,) of 293 nm to excite selectively tryptophan
(W19 and W61) in the protein’s structure.
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Differential scanning calorimetry

Differential scanning calorimetry (DSC) analysis, used to examine the energetic of the
pressure-temperature processed b-LG, was performed using a DSC Il Setaram
microcalorimeter. Samples were heated from 20°C to 110°C at 1°C/min using the buffer
solution as a reference. The enthalpy of denaturation (AH) and the temperature of the
maximum of the endothermal peak (Tmax) Were determined from baseline-corrected
thermograms with the concentration data normalized for comparative purposes. A maximum
variation in Tmax 0f £0.5°C was found for replicated runs.

Results and discussions
Spectrofluorometry

The fluorecence of blg after pressure treatments and the fluorecence online of blg under pressure
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Figure 1. The fluorescence of b-LG after pressure treatment and the fluorescence online of b-LG under pressure

Native b-LG prepared at pH 7.0 and exhibited emission maximum wavelengths, Aen,
of 335nm and 336 nm, respectively. No major changes was found for the pressure —
temperature treated protein prepared at pH 7.0 suggesting that the pressure treatment was
unable to affect the protein’s tryptophan environment. By measuring the effects of high
pressure on b-LG with spectrophotometry online, the results indicated a very large shift, about
10nm at 1750 bar and 25°C (Figure 1), this meaning that the structure of protein is changed
under high pressure and tryptophan residues became more exposed to an aqueous
microenvironment. Because after pressure treatments the Ay, of b-LG is same as native b-LG
values, the conclusion is that the changes of protein are reversible.

Lowering the temperature under pressure also enhanced the exposure of the
hydrophobic zones of b-LG to water considering the results of fluorescence online at optic
cell (Figure 2). So, decreasing the temperature of the b-LG solution under high pressure
reveals that tyrosine and tryptophan residues became significantly more exposed to an
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agueous microenvironment at low temperatures. Also, after these treatments the b-LG
structure changes are reversible.

The fluorescence online of blg under 2000 barr pressure at 25°C and 0°C
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Figure 2. The fluorescence online of b-LG under 200 bar pressure at 25°C and 0°C
Differential scanning calorimetry

The residual enthalpies of denaturation (AH) and temperature of the maximum
endothermal peak (Tmax) are shown in Table 1. The endothermal effects on the DSC
thermograms are the result of disruption of intramolecular hydrogen bonds. The reduction in
AH, therefore, indicates a partial loss of protein structure after both (combined) pressure and
temperature treatment.

Table 1. Values of the calorimetry parameters

Sample Endothermal peak (Tmax) | AH (kcal/mol)
Native 71,64 4,75
1500b, -20°C 71,6 3,1
2000b, -20°C 71,68 4,2
4000b, -20°C 71,56 3,35

Considering the results of DSC at various pressures and negative temperatures, it is
likely that low temperatures minimize the loss of native structure induced by pressurization
(DSC data), and reduce subsequent aggregation reactions under high pressure. This may be
due to a more hydrated state of the protein under pressure at low or sub-zero temperatures
than at ambient temperature.

The application of high pressure (1000-4000 bar) and very low temperatures (-20°C)
at pressure cell and measuring the florescence after these treatments, showed that the structure
changes of b-LG are reversible, but measuring AH by DSC revealed that the structure changes
of b-LG are not completely reversible (Figure 3).
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The reversibility of blg structure chenges after high pressure and low temperature treatments
revealed by fluorescence and DSC Amax
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Figure 3. The reversibility of b-LG structure changes after high pressure and low temperature treatments
revealed by fluorescence and DSC

Conclusions

The application of high pressure at very low temperatures on b-LG protein causes
changes in the protein structure revealed by spectrophotometry of fluorescence online. It can
say that the tryptophan residues became more exposed to an aqueous microenvironment at
low temperature in rapport with high pressure and 25°C.

After high pressure and 25°C and high pressure and low temperature treatments of b-
LG, it appears that the changes in structure are reversible if they are studied by fluorescence,
but not if they are studied by calorimetry.
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