
Biophyskal chemisrry, 47 (1993) 143-151 
Elsevier Science Publishers B.V., Amsterdam 

143 

BIOCHE 01761 

Studies by UV spectroscopy of thermal denaturation 
of p-lactoglobulin in urea and alkylurea solutions 

NataSa Poldar *, Gorazd Vesnaver and Savo Lapanje 

Department of Chemistry, University of Ljub[iana, Mumikova 6, P. 0. Box 537, 61 001 Ljubrjana (Slovenid 

(Received 28 September 1992; accepted in revised form 8 February 1993) 

Abstract 

The thermal denaturation of /.%lactoglobulin in aqueous solutions at three different pH’s and in aqueous 
solutions of urea, methyl-, N,N’-dimethyl- and ethylurea was studied by UV spectroscopy. The UV-melting 
curves were analyzed on the basis of two-state approximation to obtain the apparent equilibrium constant, 
K aplr, and the apparent standard enthalpy of transition, AH&,, for protein unfolding as a function of 
temperature. From Kapp, calculations of AG&.,, as functions of temperature around transition temperature, 
T,,,,, in urea and alkylurea solutions and different buffer solutions have been carried out. An increase in the 
observed transition temperature, Tr,s, and the corresponding transition enthalpies, AH&,, with decreasing 
pH or denaturant concentration indicate increased stability of protein in these conditions. However, compari- 
son of AH& with AH,, shows that the thermal transition of /Mactoglobulin in aqueous urea and alkylurea 
solutions is not a two-state process. It has also been observed that urea and all alkylureas cause a red shift in 
the absorbance spectrum of P-lactoglobulin which increases with increasing denaturant concentration and 
decreasing pH. A similar increase in red shift of p-lactoglobulin absorbance spectrum has also been observed 
with increasing temperature. 
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1. Introduction 

In previous papers, studies of the solvent de- 
naturation of @lactoglobulin by urea and alkyl- 
ureas were reported [1,2]. Separate studies dealt 
with protein thermal denaturation in water and 
buffer solution at pH 2.0 and thermal denatura- 
tion in the aqueous urea solutions of different 
concentration [3,41. The methods used were batch 
calorimetry, circular dichroism (CD), differential 

* To whom correspondence should be addressed. 

scanning calorimetry (DSC) and density measure- 
ment. The main conclusion based on the compar- 
ison of the denaturing action of urea and alkyl- 
ureas, respectively, was that the differences ob- 
served reflect the presence of the hydrophobic 
moiety in the urea molecule. The subject of this 
investigation was to examine by ultraviolet WV) 
spectroscopy the course of thermal denaturation, 
i.e., the denaturing action of heat, on @Iacto- 
globulin at three pH’s and at different concentra- 
tions of aqueous urea, methyl-, N,N’-dimethyl- 
and ethylurea solutions. The UV spectroscopy 
data were analyzed on the basis of a two-state 
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approximation to obtain the apparent equilibrium 
constant, Kapp, for protein unfolding as a func- 
tion of temperature. From Kapp, the correspond- 
ing AG.&,, AH.&, ACP and TAS&,, can be 
calculated [5-71. 

2. Materials and methods 

Bovine milk /3-lactoglobdin, a mixture of A 
and B variants, was obtained from Sigma as a 
three-times crystallized and lyophilized powder 
that was used without further purification. Ultra 
pure urea was a product of Kemika (Zagreb, 
Croatia). The alkylureas used were supplied by 
Fluka (Buchs, Switzerland). Phosphate buffer with 
pH 7.4 and sodium citrate/HCI buffer with pH 
2.0 were used. The stock solution of protein was 
prepared by dissolving it in water. Concentration 
in water was determined at room temperature by 
using E, cm ‘SW = 9.6 at 278 nm. From the stock 
solution 0.2% solutions of P-lactoglobulin were 
prepared by adding solid alkylurea on a precise 
analytical balance. 

The UV spectra of P-lactoglobulin at three 
different pH’s and at different concentrations of 
aqueous urea and alkylurea solution were 
recorded on a Cary 1 UV-visible spectrophotome- 
ter from Varian by using matched l-cm path 
length thermostated quartz cuvettes. The elec- 
trothermal temperature controller provides ther- 
mal programmability for the multicell unit so that 
the absorbance measurements can be performed 
directly as a function of temperature. Equilibrium 
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thermal unfolding of jr-lactoglobulin was moni- 
tored at 293 nm. The sample cuvettes were filled 
with the protein solution whereas the reference 
cuvettes were filled with the pure solvent. Each 
cuvette was sealed with teflon stopper to avoid 
evaporation during the experiment_ 

Absorbance at 293 nm was recorded as a func- 
tion of temperature over a temperature range of 
20-100°C. The heating rate in the experiments 
was OS”C/min and the hold time was 1 min. 

The UV spectra of protein in different aque- 
ous urea and alkylurea solutions in the range 
from 190 to 300 nm were recorded from 20 to 
100°C at 20°C intervals. 

To obtain the UV difference spectra of p- 
lactoglobdin the spectrum in 8 M urea at 20°C 
was subtracted from its spectrum with the same 
concentration at given conditions, because it is 
knovn that /3-lactoglobulin in 8 it4 urea at 20°C 
exists in random coil conformations [7]. 

3. Results and discussion 

P-Lactoglobulin consists of 164 aminoacid 
residues where there are four tyrosines (Tyr>, two 
phenylalanines (Phe) and two tryptophans (Trp) 
[8]. In Fig. 1 the normalized UV spectra of p- 
lactoglobulin in water (pH 6.5) and given urea 
and alkylurea solutions are presented in the range 
from 190 to 300 nm. It can be seen that the 
absorbance changes due to the unfolding process 
are large in the range between 200 and 250 nm. 
At wavelength (A) around 280 nm where Tyr, Phe 

Fig. 1. Normalized UV-spectra of P-lactoglobulin in 2 A4 akylurea solutions and in water (pH 4.5). 1 - water, 2 - urea, 3 - 
methylurea, 4 - N,N’-dimethylurea; 5 - ethylurea solution. 
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Fig. 2. IJV difference spectra of /Llactoglobulin at different urea concentrations at 20°C (reference was P-lactoglobulin with the 
same concentration in 8 M urea at XK). 1 - water (pH 6.5),2 - 2 M urea, 3 - 4 M urea, and 4 - 6 M urea. 

and Trp substantially contribute to the UV spec- 
tra of proteins the changes of absorbance caused 
by the unfolding process are rather small. There- 
fore in this A range the unfolding of p-lacto- 
globulin should be followed by means of differ- 
ence spectra in which the spectrum of P-lactog- 
lobulin in 8 M urea where it exists in random coil 
conformation is subtracted from the protein spec- 
trum measured at given conditions, Fig. 2 [9,10]. 
It has been known that peaks in the difference 
spectra of proteins in the 292 to 294 nm region 
are assigned to Trp, in the 285 to 288 nm region 
to Tyr plus a small contribution by Trp, Fig. 2, 
and below 270 nm to Phe, [ll]. The difference 
spectral changes in this region reflect largely the 
effects of the denaturant on the environment of 
the Trp and Tyr in protein. The unfolding of 
most proteins caused by a given denaturant is 
usually accompanied by a relatively large de- 

crease in absorbance [9]. This is also seen in our 
spectra. 

The stability of P-lactoglobulin was investi- 
gated quantitatively by determining its conforma- 
tional stability in different aqueous urea and 
alkylurea solutions. This was ascertained by fol- 
lowing equilibrium thermal unfolding of /3- 
lactoglobulin in aqueous urea, methyl-, N,N’-di- 
methyl- and ethylurea solutions employing UV 
spectroscopy at 293 nm which reflects by and 
large the exposure of tryptophan residues (Trp) 
from the protein interior upon unfolding [12]. 
Figure 3 presents a typical sigmoidal unfolding 
curve of P-lactoglobulin in 2 A4 aqueous methy- 
lurea solution given in terms of protein ab- 
sorbance at 293 nm as a function of temperature. 
From this curve the apparent or van’t Hoff en- 
thalpy of unfolding at the temperature of the 
half-transition and the fractions of the unfolding 

Fig. 3. A typical equilibrium unfolding curve of @lactoglobulin (0.2%) in 2 M methylurea solution. AH.opP was calculated from the 
slope of the curve at T,,z. For details, see text. 
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protein in the temperature interval of transition 
were determined. The data were analyzed by 
assuming a two-state transition to obtain appar- 
ent equilibrium constants, K_, for protein un- 
folding. The fraction of unfolded protein, fu, is 
given by 

4T) -40) 
f”= A”(T) -A,(T) (1) 

where A is the absorbance; N and U refer to the 
native and denatured state, respectively. The re- 
lation also applies 

PI f" 
KaPP = [Nl = 1-fu (2) 

The apparent standard thermodynamic parame- 
ters, Gibbs free energy, AG&,, enthalpy, AH.&,, 
and entropy, AS&,, of unfolding were deter- 
mined by using the standard equations [7]. 

AGO = -RT In K 
aPP aPP (3) 

AH0 =-R 
a in K,, 

WP 1 1 W/T) p 

AS0 = ( AH& - AG,oPP) 
aPP T 

(4) 

where R is the universal gas constant. 
AH&p was obtained directly from the slope of 

sigmoidal curve, see Fig. 3 [13], by using equation 

* af” 
AH& = 4RTW al- 

i-1 
r==,,, 

Table 1 contains the enthalpies, AHip,, of 
protein unfolding determined from the slope of 
sigmoidal curves and the corresponding tempera- 
ture of the half-transition, Tl,2, [13]. 

The van? Hoff plots based on the equilibrium 
thermal unfolding of /3-lactoglobulin at all pH 
values are slightly curved meaning that the un- 
folding process is accompanied only by minor 
changes in the transition enthalpy, Fig. 4. Such 
behaviour has been attributed to the changes in 
the heat capacity of the non-polar groups that are 
exposed to the polar water exterior from the 
non-polar interior upon unfolding (141. The val- 
ues of AH$.,p and Tl,2 increase with decreasing 

Table 1 

The apparent standard enthalpy change, AH&,, of unfolding 
of /3-lactoglobulin and the temperature of the half-transition, 
r,,,, at three’different pH values and at different concentra- 
tions of aqueous urea and alkylureas. The values obtained by 
DSC are given in parentheses. R - AZ-&, /A Hea, 

Solvent AH&, a (AHcal) R 
QcJ/mol) 

PH 
2.0 262 
6.5 (water) 232 
7.4 167 
Urea 
2M 181 
3M 129 
4M 105 
Methylurea 
2M 179 
3M 154 
4M 132 
N,N’-Dimethyl 

urea 
2M 178 
3M 152 
4M 133 
5M 115 
Ethylurea 
2M 161 
3M 138 
4M 118 

(414) 0.644 81.4 (82.3) 
(412) 0.564 80.1 (80.0) 

65.9 

(260) 0.753 69.4 (72.0) 
60.0 
55.9 

66.5 
56.1 
45.9 

(308) 0.659 58.8 (64.0) 
47.7 
35.4 
24.3 

(372) 0.565 54.8 (66.5) 
41.1 
30.0 

a Relative error is estimated to be about 10%. 
b Relative error is estimated to be about 1%. 

pH. They agree satisfactorily with the values in 
the literature obtained by the same method [15]. 
In urea solutions AHipp and Tl,* decreased with 
increasing urea concentration and in 6 M and 8 
M urea no transition was observed. The same 
results have been obtained when using DSC 
method [4]. In methylurea solutions of p-lacto- 
globulin the values of AHipp and T1,2 decrease 
with increasing denaturant concentration. In 
N,N’-dimethylurea and ethylurea solutions the 
behaviour of @lactoglobulin was similar. If the 
values of T,,, and AHippp of p-lactoglobulin in 
different aqueous alkylurea solutions are com- 
pared it can be seen that the denaturing action of 
alkylureas increases as follows: methylurea < 
N,N’-dimethylurea < ethylurea. As already men- 
tioned, the interactions of /3-lactoglobulin with 
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Fig. 4. Van’t Hoff plot for thermal denaturation of fl-lacto- 
globulin at different pH’s. 1 - pH 7.4, 2 - pH 6.5 (water), and 

3 - pH 2.0. 

alkylureas were studied also by CD [l]. An anal- 
ysis of the observed CD spectra at 25°C revealed 
differences in conformational changes produced 
by urea and alkylureas, respectively. Based on 
those results, one can conclude that only in con- 
centrated urea solutions at 25°C the denatured 
form is a random coil, whereas in methylurea a 
transition to random coil has not been observed. 
Therefore methylurea is considered to be a 
weaker denaturant. N, N ‘-dimethylurea and 
ethyIurea cause large fi --) (Y conformational 
changes and are thus strong denaturants, al- 
though they do not turn the protein to random 
coils [71. 

The apparent standard enthalpies of denatura- 
tion, AH_&,, were compared with calorimetric 
ones, A Nta,, obtained by using DSC for /3-lacto- 
globulin at two different pH’s and in the presence 
of urea [3,4] and alkylureas (S. Lapanje and N. 
Poklar, 1991, unpublished data). These values 
presented in Table 1. are larger than those ob- 
tained by UV spectroscopy. It is well known that 
calorimetric measurements provide a direct 
model-independent determination of the transi- 

tion enthalpy. For this reason a comparison of 
the model-dependent van? Hoff transition en- 
thalpy and model-independent calorimetric en- 
thalpy AN,,, provides insight into the nature of 
the transition [ 131. The ratio of the van’t Hoff and 
calorimetric enthalpies is smaller than 1 in all 
cases given in Table 1. The disagreement be- 
tween the two enthalpies does indicate that the 
thermal denaturation of P-lactoglobulin cannot 
be regarded as a two-state transition, i.e., that the 
concentration of states intermediate between na- 
tive and denatured is not negligibly small [7,131. 
This disagreement is not surprising since it is 
known that P-lactoglobulin in aqueous solutions 
undergoes association and aggregation. At pH 2 
and room temperature it is predominantly in the 
monomeric form, whereas around pH 7 it is in 
the dimeric form. Increasing the temperature 
shifts the equilibrium towards the monomeric 
form. Around 55°C the dimers are dissociated. 
Above 80°C unfolded species that associate ap- 
pear, and at still higher temperatures aggregation 
that involves the sulfhydryl and disulfide groups 
sets in [3]. Temperature, pH and denaturant con- 
centration thus determine the initial and the final 
state of protein molecules. As a consequence, 
majority of final states that correspond to given 
T, pH and denaturant concentration are not ran- 
dom coils; the protein molecules are not com- 
pletely unfolded. However, in 8 M urea solutions 
at 25°C most globular proteins are known to be 
randomly coiled [7]. The question now is if the 
final state in termal denaturation in aqueous ureas 
and alkylureas at lower concentrations is close to 
random coils. Since the process is a combination 
of thermal and solvent denaturation, a positive 
answer seems reasonable. However, one has to 
admit that JR studies at pH 7 indicate that /3- 
lactoglobulin during thermal denaturation up to 
90°C does not unfold to a random coil before 
aggregating and polymerizing towards the end of 
the process [16]. 

Let us now consider the values of AG& ob- 
tained from K,,,. Around T,,,, AG&, as a func- 
tion of temperature shows at different concentra- 
tions of urea and alkylureas a non-linear be- 
haviour, Fig. 5, similar to the one obtained at 
different pH’s. The values of AG&,(T> as a func- 
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tion of temperature can be fitted to the polyno- 
mial 

in which AG.&,(TI,J at the half-transition is zero. 
The A and B values for p-lactoglobulin at differ- 
ent concentration of urea and alkylureas and at 
different pH’s are presented in Table 2. The 
stability curve (eq. 7) has some general features: 
AH’ can be calculated by using the Gibbs- 
Helmholtz equation in the form [S(G’/T>/ 
6(1/T)], = AH’, the curvature is given by 
(S2 AG”/ST2), = - ACj/T, where AC: is the 
difference in standard molar heat capacity of the 
denatured and native protein, and the slope of 
the curve is given by (6 AG”/ST), = - AS0 1171. 
The second derivative of eq. (7) was used for 
estimating AC? at the temperature of half- 
transition. The values of AC$app are given in 
Table 2. 

Examination of Table 2 reveals that the AC? 
values are of expected sign and order of magni- 
tude [3]. They are positive and decrease with 

“I 
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Fig, 5. Temperature dependence of the apparent standard 
Gibbs free energy change, AC&,,, for the termal unfolding of 
@lactoglobulin in different 2 M alkylurea solutions and in 
water. 1 - water, 2 - urea, 3 - methylurea, 4 - N,N’- 

dimethylurea, and 5 - ethylurea solution. 
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Table 2 

Values of coefficients for the Gibbs free energy change upon 
unfolding of fi-lactoglobulin at different pH values and at 
different aqueous urea and alkylurea solutions in eq. (7), 
where AGO app is in .l molt ‘. The heat capacity change, ACPPP, 
at temperature of the half transition in Id mol-’ K-’ 

Solvent -A -B A,-.WP 

(J mol-’ (J mol-’ (kJ mol-’ 

K-l) K-2) K-‘1 

PH 
2.0 
6.5 

7.4 

Urea 
2M 
3M 
Methylurea 
2M 
3M 
4M 
N,N’-Di- 

methylurea 
2M 
3M 
4M 
5M 
Ethylurea 
2M 
3M 
4M 

880f90 
630&60 

520*50 

530*50 

350*40 

570*:60 

520f50 
500*50 

560&60 

510*50 

4ao*so 

420+40 

520 f 50 

480*50 

430*40 

7.7f0.8 
8.5 f 0.9 

9.1*0.9 

8.3 f 0.8 

8.3 f 0.8 

7.9kO.8 

6.9kO.7 
5.8kO.6 

7.2kO.7 

6.8kO.7 

6.5 f 0.7 

3.4kO.3 

6.3eO.6 

6.21tO.6 

6.3+0.6 

5.4f 1.6 
6.0* 1.8 

6.2+ 1.9 

5.7* 1.7 

5.5 f 1.7 

5.4& 1.6 

4.5 f 1.3 
3.7* 1.1 

4.8& 1.5 

4.2* 1.3 

4.0* 1.2 

4.1 f 1.2 

3.9* 1.2 

3.8+ 1.1 

increasing denaturant concentration. The error 
involved is estimated to be around 30% since 
ACp** is a second derivative of eq. (7). In this 
respect calorimetry (DSC) is superior, the error 
being a few percent only. Similarly as in the case 
of AH we could also in the case of AC, apply 
the ratio ACj?/ACF’ as a test for two-state 
behavior for which it is 1. However, the calori- 
metric AC?’ data are available only for water 
and a few urea solutions 131. AGzpp is another 
variable that can be used to test for two-state 
behavior. Considering the AC, and AH test the 
ratio AG~pp/AG,,, is expected to be less than 1. 
AGZ!, is obtainable from eq. (7) but data on 
AG,,, are scarce. Similarly as in the case of AC;’ 
they are available only for P-lactoglobulin in 
aqueous solutions at different pH [3] and a few 
urea solutions. Using this existing data for aque- 
ous solutions of P-lactoglobulin the ratio 
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AG&,/AG,,, is about 0.7. Therefore the transi- 
tion cannot be considered a two-state one which 
is in accord with conclusions based on enthalpy 
behaviour. 

From the thermodynamic point of view the 
reversibility of thermal denaturation in the pres- 
ence of ureas is of considerable importance since 
it allows thermodynamic analysis of denaturation. 
In previous studies, where the protein concentra- 
tion was between 1 and 2%, the observed 50 to 
60% reversibility of thermal denaturation at pH 
2.0 was very likely due to aggregation of unfolded 
protein molecules 131. The results obtained in this 
study, where a protein concentration is only 0.2%, 
indicate that the reversibility of denaturation is 
about 90%. In other words the initial-to-final 
state transition observed for the P-lactoglobulin 
may be considered in the first approximation as a 
reversible one. 

Recently, a DSC study of thermal and cold 
denaturation of p-lactoglobulin was reported [Ml. 
Aqueous solutions at pH 2.0 (0.1 M KCl/HCl) 
were investigated. AH,,, at T1,2 (78°C) was found 
to be 312 f 15 and AH.&, 319 &- 15 kJ mol-’ so 
that R is 1.02. AC?’ was 5.58 f 0.7 kJ mol-‘K-l. 
On the basis of these data one can conclude that 
the transition is a two-state one. The A Hca, at pH 
2.0 from our previous study is 414 f 40 kJ mol-’ 
at Td = 82.3”C [31; AH&, was not determined. To 
obtain the corresponding R value AH& has to 
be known at the same temperature. Therefore 
the AH& value determined in the present work 
of 262 kJ mol-1 at Tl,* = 81.4”C was adjusted to 
Tl,2 = 82.K using the AC, ‘rapp value presented 
in Table 2. This procedure was repeated for all 
the transitions studied. The obtained R values 
between 0.56 and 0.75 indicate that none of these 
transitions can be considered a two-state one. 
The low R values we report may be due to high 
AH,,, values determined in our previous study 
[3,4]. The protein concentration used in this work 
was in the range between 1 and 2% where a 
substantial association of protein molecules in 
native form can take place giving a positive con- 
tribution to AH,,, and thus leading to lower R 
values. Such difficulty can be overcome by using a 
more sensitive DSC instrument in which much 
lower AH,,, values can be determined and there- 

fore much lower concentrations of proteins can 
be used. When more calorimetric data on p- 
Iactoglobulin at low concentrations become avail- 
able perhaps new conclusions will be arrived at. 
The situation is different with AHaPp. In the first 
case the same calorimetric data have been used 
to calculate AH,,, and AHaPp [18]. Thus the two 
quantities have nearly identical values. In our 
work AH&, has been obtained by absorbance 
measurement. The process of protein unfolding 
was monitored by following the absorbance at 293 
nm where absorbance is by and large due to two 
Trp residues out of 164 aminoacid residues pre- 
sent in the molecule. In other words, the ab- 
sorbance measurements at this wavelength reflect 
increasing exposure and solvation of Trp, that is 
they reflect only local conformational changes 
which may not accurately monitor the global de- 
naturation event. To obtain apparent thermody- 
namic quantities of unfolding from these mea- 
surements one has to assume, therefore, that the 
other effects on the measured absorbance are 
negligibly small. 

Changes in solvent composition of aqueous 
solutions of chromophoric materials generally 
cause small shifts in the absorption spectra peaks, 

AN,,, of the chromophores. Such shifts have 
been attributed to changes of solvation energies 
of the ground and excited states, respectively. 
Although a detailed interpretation of the reasons 
behind these changes is complex, it is fairly cer- 
tain that the forces responsible must be operative 
over short distances compared to the rather large 
dimensions of protein molecules [19]. Our UV 
spectra show that urea and all alkylureas shift 
both maxima (around 230 nm and 280 nm) with 
increasing denaturant concentration to longer 
wavelengths (red shift). In Fig. 2 the UV differ- 
ence spectra of fi-lactoglobulin in aqueous solu- 
tions are shown. It is seen that there is no differ- 
ence in the positions of Trp (around 294 nm> and 
Tyr (around 287 nm) between 6 M and 8 M urea 
at 20°C indicating that P-lactoglobulin is already 
completely denatured in 6 M urea. At 294 nm a 
negligible red shift in difference spectra peaks, 

AA(A),,, is observed and the intensity of peaks 
decrease with increasing concentration of urea. 
In methylurea UV difference spectra AA(A),, 
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of /3Jactoglobulin show a slight red shift and 
decreasing intensity in the position of % (around 
287 nm> and of Trp (around 294 nm) between 3 
M and 4 M denaturant solutions. In NJ’-di- 
methylurea and ethylurea UV difference spectra 
AA(h)_ show again a negligible red shift and 
decreasing intensity in the position of Tyr and 
Trp with increasing denaturant concentration. 

It has been known that important factors de- 
termining the position of a peak and therefore 
the direction of any shift in A(A),, are the 
refractive index, the dielectric constant and the 
density of the solvent as well as specific solvent- 
solute interactions, e.g., hydrogen bonding 
[11,20,211. The excited state of the solute is usu- 
ally more polarizable than the ground state, dis- 
persion forces between the solvent and both states 
are therefore stronger for the excited state atid 
stabilize it preferentially. This leads to the well- 
known “polarization red shift” which increases 
with the refractive index (polarizability) of the 
solvent [11,20,21]. The refractive index of urea 
and alkylurea solutions increases with increasing 
denaturant concentration therefore the observed 
red shift in A(A),= in all urea and alkylurea 
solutions can be attributed to the increasied sol- 
vent polarizability. Similarly, the observed red 
shift in A(A),, caused by decreasing pH of 
protein solution can be explained in terms of 
difference in the strength of hydrogen bonding to 
the chromophore excited and ground state which 
increases with decreasing pH 1211. 

With increasing temperature from 20 to 100°C 
UV spectra of /3-lactoglobulin in all aqueous urea 
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and alkylurea solutions as well as at different 
pH’s display a red shift in A(A),,. Such be- 
haviour was observed even in 8 M urea. UV 
difference spectra of P-lactoglobulin in 8 M urea 
at different temperature are given in Fig. 6. An 
increase in temperature decreases the factors de- 
termining the position of a peak in A(A)_ (re- 
fractive index, density, the dielectric constant) 
and therefore reduces the extent of any tempera- 
ture shift. Decreasing the refractive index and 
density acts against the polarization red shift by 
weakening the solute-solvent interactions and 
leads to a blue shift. Measurements with Tyr and 
Trp models show, however, that heating them in 
aqueous solutions produces a distinct red shift in 
A(A),, although the accompanying decrease of 
the solvent refractive index, dielectric constant 
and density should lead to a blue shift. The Tyr 
and Trp in dioxane, where no hydrogen bonding 
can occur, show blue shift in A(A),, with in- 
creasing temperature while in water and ethanol 
again a red shift is observed [21]. In aqueous 
solution the red shift in A(A),, of Tyr and Trp 
with increasing temperature is attributed to hy- 
drogen bonds, where Tyr acts as a hydrogen 
donor to water [211. The observed minor red sifts 
in UV spectra A(h)_ of @lactoglobulin in 
aqueous urea and alkylurea solutions might be in 
line with such-explanation. 

Interpretation of the observed slight red shift 

in AA(A),, is more complex because of the 
varying contributions of spectral broadening and 
change in absorption in different solvents [ll]. 

Summing up, it may be claimed that UV spec- 

I I I I 1 - 0.1 
7.50 270 290 

l/n m 

Fig. 6. W difference spectra of @lactoglobulin in 8 M urea at different temperature (reference was p-lactoglobulin in 8 M urea 
at WC). 1 - 4O”C, 2 - 6O”C, 3 - SOT, and 4 - 100°C. 
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troscopy has proved useful for studying the ther- 
mal denaturation of p-lactoglobulin in the pres- 
ence of urea and alkylureas. The method is sim- 
ple and relatively accurate, however, one should 
not forget that it can give only apparent, i.e., 
nonthermodynamic quantities of conformational 
transition. A detailed analysis of the utility of 
apparent quantities has been given elsewhere [7]. 
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