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Abstract

Semi-solid viscoelastic matrices produced out of lysozyme in orgagiteous medidtetramethylured TMU)/
watell were characterized by small angle X-ray scattei8&XS). The scattering curves were modeled in their form
and interference factors. Radii of gyration of scattering particles were found to undergo a dramatic increase from 14
A in water to approximately 44 A in the matrices. Average correlation distasieelb5 A were consistently verified
for the scattering particles in the matrices, irrespective of solvent compositiothe 0.6<wn,, <0.8 range, in
contrast to what is observed in watgt=62 fA). At wryy =0.9, however, a slight increase iy (to R,=49 7—\) leads
to interdigitation with the apolar prevailing medium of the matrix leading to the loss of the interference effect. Low
dimensionality derived from the modeling procedure could be taken to indicate mass fractal character of the unfolded
species, although polydispersion of samples could also have some contribution to that result. Despite the very
significant shape distortion of the unfolded protein forms in the matrices, they still retain considerable globular
character, as indicated by the Kratky plots obtained. The morphological results obtained in this work are compatible
with the dynamical behavior displayed by the systems.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction perfect Newtonian fluid¢when dispersed in aque-
) ) ) ) ous media [1]. The peculiar rheological behavior
Our interest in approaching structural issues yas first noticed in lysozyme dissolved in tetra-
related to protein in organic media evolved from methylurea (TMU)/water, for certain particular
an original observation of remarkable viscoelastic ¢ongitions of solvent compositiofi]. Subsequent
features in protein systems that were otherwise jhyestigations widened the comprehension of
*Corresponding author. Tel:+55-11-3091-2165; fax: 55- aspects related to the phenomenon, confirming an
11-3815-5579. inversion in the microconfiguration of the binary
E-mail address: epgareas@usp.E.P. Areas. systems as the driving force for the protein folding
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transition observed2,3]. Deviations of protein sented in this work, may be also of potential
conformation from globular native to less compact, interest in the biotechnological area.
unfolded structures in those gel systems were first
revealed through nuclear magnetic resonance 2. Experimental
(NMR) and Raman spectroscopield]. More
recently, the dynamic polydispersed character of 2.1. Materials and sample preparation
these viscoelastic matrices was clearly established
through rheological experimentd,5]. Hen egg white lysozyme was obtained product
The small angle X-ray scatteringsAXS) tech- from Pharmacia. Tetramethylurea was purchased
nique [6] was first applied in the investigation of from Aldrich. Ultra-pure water (Elga System
these gel-like systems at low lysozyme concentra- UHQ, 18 MQ cm) was employed throughout.
tion conditions, where no gel formation is observed Lysozyme samples were prepared by careful dis-
[6]. Results fitted a two-state equilibrium model, persion of the protein in the binary mixtures. TMU
indicating a critical solvent concentration at TMU  mass fractior{wnyy) in the binary solvents ranged
water mass fractionwyy, of 0.6, in which two from 0.6 to 0.9, in 0.1 intervals, for a fixed protein
populations of lysozyme are present in approxi- concentration of 0.58 10 2 mol dm 3. Systems
mately equal amounts: one composed of globular were manually homogenized and then left undis-
proteins with radius of gyratioR,=16 A and the  turbed until complete evolution of the sol—gel
other of highly anisometric character witty=47 transition [4,5]. Under protein concentrations
A. Such a critical concentration corresponds to employed, viscoelastic lysozyme matrices started
that observed in the binary solvent alotweithout to form typically after 15 min, fow,,,=0.9. As
protein), as the critical concentration where an protein is also being employed here as a probe for
inversion in the complex liquid microconfiguration the binary mixture configurational transition,
takes placd1,4,5. which has been previously characterized in the
With the aim of investigating the features of the absence of electrolytes, pH buffering was inten-
system in the high protein concentration regime, tionally not used at this stage. pH changes in the
the present work is undertaken. Under these con- systems were, however, monitored throughout. For
ditions, the system forms viscoelastic three-dimen- aqueous lysozyme samples, pH was 3.4. For lyso-
sional network of semi-solid character, displaying zyme in TMU/water, pH increased from 3.5 to
interference effects in the scattering curves for 4.0, for TMU mass fraction variation from 0.1 to
certain ranges of the binary TMWater solvent 0.4, and from 5.0 to 5.9 for TMU mass fraction
composition. The results are compared with those increasing in the range 0.5 to 0.9. Scattering data

obtained for the same lysozymeater system in
the absence of TMU, which does not present a
sol—gel phase transition.

Understanding the behavior of proteins in non-
conventional media can be of assistance in folding
investigations. The distinctive behavior presented
by protein domains in extraneous microenviron-
ments may in principle provide insights into the
complex interplay of forces acting in these mac-
romolecular structures. In particular, proteins in
organic media have been known to present peculiar
structural features that affect their functionality, as
in the case of certain enzymatic systefvik From
a practical point of view, the possibility of devel-
oping malleable, semi-solid protein media, as in
the case of the protein viscoelastic matrices pre-

were collected after approximately 72 h from
sample preparation, in order to allow the attain-
ment of a steady state condition for the gels.
SAXS curves were obtained at the SAXS beam-
line of the Brazilian National Synchrotron Light
Laboratory(LNLS), at room temperaturé22+ 1)
°C, with radiation wavelengthh=1.608 A and
sample-to-detector distance of 1008 mm. Samples
were conditioned in sealed 1-mm-thick acrylic
cells, with Mylar windows, perpendicular to the
incident X-ray beam. The obtained curvédata
collection of 15 min were corrected for detector
inhomogeneity(one-dimension position sensitive
detectoy, sample’s attenuation and background
scatterings, using controls that consisted of TMU
water solutions in the appropriate concentration
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for samples in the gel phase and water for lyso- In this work, we use the GNOM prografiQ]

zyme aqueous solution. to calculatep(r) in the gel phase abry,=0.9, a
. condition in which S(g) is not present in the
2.2. Data analysis scattering curve. We also make use of Kratky plot

(i.e. ¢’I(g) vs. g) for this particular sample in
order to detect foldetlnfolded stateg[11-13.
For a globular protein, Kratky’s plot displays a
peak whose position depends Bp However, the
graph tends to show a plateau when the protein
assumes a completely unfolded, random-coil
conformation.

For the other samples, whe$€;) is pronounced
over the scattering curves, the protein’s structural
parameters are obtained by fitting the product
P(q)S(g) [Eq. (1)] to the experimental curve. The
models forP(g) and S(g) used in this work are
summarized below.

It should be remarked that it is possible to
measure the intensity in absolute scale in a SAXS
experimenit(yy is determinegi and, hence, to obtain
1(q)=n,(Ap)?V?P(¢)S(q) (1) direct information about the pre-facter,V2Ap2
where vy is a factor related to the instrumental However, in this work, an interpretation of such
effects, n, corresponds to the particle number Pre-factor would require taking into account the
density;Ap=p —p, is the electron density contrast local densities of the segregated microphases
between the scattering particle and the medium diréctly in contact with the scattering particles, at
and V is the scattering particle volume(g) in each solvent composition. That is justified since
Eq. (1) is the normalized particle form factor Microphase segregation of the binary mixture has
(P(0)=1) andS(q) is the interparticle interference P&en known to occur in TMiwater binary liquid
factor (g=(4w/N)sind=scattering vector and Systems as a function of solvent composition
20 =scattering angle [1,3,14, being ultimately responsible for the evo-

A Fourier transform connectg(g), and hence lution of the protein sol—gel transition itseffl—
1(g) in the absence of interference effects on the 3. A direct estimate of local microphases densities
scattering curves, to the distance distribution func- iS, however, impaired by the very peculiar aspects
tion p(r), the probability of finding pair of small ~ ©f the complex TMwater microconfigurational
volume elements at a distaneewithin the entire ~ Status, which may include an influence, as yet not

2.2.1. Basic equations

The small angle X-ray scattering is a powerful
tool that yields information on the overall shape
and size of biological macromolecules in solution.
Its application is thus particularly useful in study-
ing systems where large conformational changes
take place, as in the process of protein folding
unfolding as well as in aggregation.

In the frame of the so-called two-phase model,
monodisperse proteins in a dilute solution act as
randomly oriented scattering particles of homoge-
neous electron density, dispersed in a solvent
with different homogeneous electron densjy
[8]. In this condition, the excess X-ray scattering
intensity is given by

volume of the scattering particle 48] estimated, of protein molecules in the high con-
o centration regime on the binary solvent microdo-

—(1/272 / Si d 2 main  organization. Therefore, no quantitative
p(r)=(1/2m fo (@)grsingridq @ interpretation of this pre-factor will be offered at

this stage and,V?Ap? will be used as a normal-
ization factor in the fitting procedure to the exper-
imental curves.

The behavior of,(r) provides information about
the shape of the scattering particle artd) =0 for
r=0 and for distances larger than the object
maximum dimensio,,,,. Moreover, the particle 5 5 5 P(q) and S(q) modeling

radius of gyrationk, is defined ag9] Several algorithms have been developed to cal-

Dima D max culate P(g) for low molecular weight proteins in
Rg-[j p(r)errW /(2 J p(r)drw (3) water medium from known atomic structufgs5—
o ) 0 J 18]. In our case, however, we do not know, a
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2

priori, how the protein conformatiofand hence
()

its shape and si2es affected by mixing an organic R
(TMU) solvent to the aqueous solution. Then, we K
decided to make use of a unified equation recently whereI" is the gamma function.

developed by G. Beaucagd9]. Such equation Of course,A <4 can also be related to polydis-
describes the scattering of polymers in solution in Perse system§26]. These two possibilitiegsys-
terms ofR, and boundary macromolecyleolvent ~ tems composed of different protein states d

interface properties, bringing together the Guinier Macromolecules displaying fractal charagteiill
and Porod laws, such that be evaluated in the data discussion.

Further, considering that fodh<3 Eg. (5)

— ¢?R? applies, we made use of the constraint betwBen
P(Q)zGeXF{Tg] and G, greatly improving the convergence in the
_ modeling process, when it was the case. Again, as
(erf(qr,/(6))°]" explained aboveg includes a normalization factor
+B| ———————— 4 to the experimental data.
q As to the interference contribution, simulation
where G is the Guinier pre-factofn,V?Ap?, Eq. of S(¢g) has been extensively developed in liquid

(1)]; B is a pre-factor specific to the type of State physics_. Models and_ numerical methods
power-law scatteringd is the nature of the inter- based on statistical mechanics have recently been
face, characteristic of the power law in the Porod’s €xtended to proteins in solutiof27-29. In par-
region: (A >4, diffuse interface[20]; A=4, rigid ticular, investigation about the interference func-
interface; 4>A >3, surface fractalA <3, volume tion has been performed on a series of SAXS data

or mass fractalA=2, Gaussian polymgy erf is  fecorded on lysozyme in a water syst¢80] as a
the error function. function of pH, salt concentration, salt type and

As far as we are aware, Beaucage's methodol- temperature. The interaction potentials and the

ogy has not been previously applied to analyze numerical treatment make use of the so-called

small angle scattering data from protein-containing DlLVtO n:otc_zlel .tr;at |ntgludes hglrd t;:oretz coulombc;c
systems. In our case, we use the approach givene ectrostalic_Interactions and atlractive van oer

in Eq. (4) considering the protein as a biopolymer. Waal's forces, prowde: that the (iylo_bular protein
In order to check the validity and limitations of remamed_ compact in the data analysis. In our case,
Eq. (4) for the studied system, Fig. 1 shows the the protein undergoes a shape transformation under

best fitting of Eq.(4) to the theoretical lysozyme the influence of the binary organic/water environ-

; . ment, as already shown at low protein concentra-
form factorP(g) generated from its native structure i, \o [6] and presented below for high lysozyme

(_E_C 3.2.1.17 [21] by using Crysol [18]0' The concentration regime. Then, our analysis will be

fitting parameters resulted to be,=16 A and  gimply based on the modifications occurring in the

A=4, in very good agreement with the value of mean distances between the scattering particles as

radius of gyration calculated from the lysozyme the system evolves from a Newtonian to a viscoe-

crystallographic monomeric globular shap,= lastic fluid, without taking explicitly into account

15+1 A) [18] with a well-defined interface. the interaction potentials that control the macro-
However, unfolded proteins can have a fractal molecular distribution in solution. In this context,

dimension that characterizes the topological nature we make use of a semi-empirical function fig;)

of the conformation of the polypeptide chains that describes correlations of colloidal particles

[22,23, justifying the use of Eq(4) to investigate  particle domainyas[8,31].

changes in the macromolecule interface features 1

induced by the presence of the organic solvent. In S(g)=—"—— (6)

this context,B and G in Eqg. (4) are correlated for 1 +ke(qd)

mass fractals througf?4,25 where ¢(qd) is the ‘spherical form’ factor for
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Intensity (a.u)

q(A™

Fig. 1. Theoretical lysozyme form facté(q) curve generated from its native struct{ieC 3.2.1.17 [21] using Crysol[18] (O)

and best fitting according to Eq¢4) (-).

structural correlations occurring at an average radi-
al distanced; and k is the degree of correlation
(0<k<6). The latter value corresponds to maxi-
mum packing condition.

The spherical form factok(qd) is explicitly
expressed as:

¢(qd) =3(sin(gd) — gdcodqd))/ (qd)*? (7)

3. Results and discussion

SAXS curves obtained for lysozyme aqueous
solution and for the protein dispersed in wadlter
TMU mixtures, in the wryy=0.6-0.9 solvent
concentration range are presented in Fig. 2. In all

Striking differences between the scattering curve
profiles observed for lysozyme in water and for
the protein in the organj@agueous media, in the
concentration range investigated, can be observed
in Fig. 2. Interference effects are present in the
scattering curves for the protein both in aqueous
solution and in TMYwater media, at the/r,,, =
0.6—0.8 concentration range. At,,,=0.9, how-
ever, the interference effect completely disappears.
Also, the interference peak is located at a signifi-
cantly lower region of; values(¢=0.03 A~ vs.
¢=0.08 A-1, for lysozyme in TMUwater and
aqueous solutions, respectivielyindicating that
the average distance between the centers of mass

cases, lysozyme concentration was kept constantof scattering particles is much larger in TMU

and equal to 0.5810 2 mol dnT3. That was
found to be the threshold protein concentration for
the onset of a rheological transition that turns
Newtonian lysozyme solutions into semi-solid vis-
coelastic matrice$l].

water media than in aqueous solution. Under a
rheological point of view, systems in the TMU
water media are viscoelastic, with gel-like appear-
ance [1,4], whereas lysozyme aqueous solutions
comprise Newtonian fluids.
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Fig. 2. SAXS curves for lysozyme in aqueous solutimurve @ and in TMU/water for increasingvryy in the binary solvent
(curves b—e, comprising viscoelastic semi-solid matica# at protein concentration 0.5010~2 mol dnt 3. Solid lines refer to
best fittings of theP(4)S(q) product to the experimental curvésurves a—gl Output modeling parameters are shown in Table 1.
Curve fitting for curve e is shown in Fig. 3.

There is a considerable gain of intensity the local densities of the solvent segregated micro-
(approx. four timepy when the system evolves phases in contact with the macromolecules must
from Newtonian (protein in water solutioh to change as a function of TM{Water ratio[1,3,14.
viscoelastic behavior atvry,=0.6. That is the Best fittings to the scattering curves making use
critical solvent composition where the binary sol- of Eq. (1) and Egs.(4)—(6) are also presented in
vent microconfigurational inversion has been Fig. 2 for lysozyme in water and in TMvater
found to take placd1-3. Changes in local den- binary mixtures, in the concentration range of
sities of the microphases are therefore expected tow,,, =0.6—0.8. Table 1 shows the best parameters
occur and that may lead to differencesAp [Eq. extracted from the fitting procedures. For lysozyme
(D] and, hence, in intensity. Increasing intensities in aqueous solution, a radius of gyrati®y=14
of the SAXS curves avry, =0.7 andwqy,=0.8 A was observed, which is consistent with the
(Fig. 2) can also be assigned to this effect, since calculated value from lysozyme crystallographic

Table 1

Output parameters from the fitting of SAXS curves withy)S(q), for lysozyméewater and lysozym@vatey/ TMU system$
[Lysozymé 0.5x1072 mol dnr3

Y 0 0.6 07 0.8 0.9

Ry (A) 14.0+0.1 44+3 43.5+15 43.5£2.0 49.0£0.5
d (A) 62.0+£0.3 156+ 3 154+1 156+ 2 -

k 2.50+0.05 2.0+0.2 2.0+0.2 2.0+0.2 -

A 4.0+0.2 2.4+0.1 2.7+0.1 2.8+0.1 2.8+0.1

2P(gq) parameterdEq. (4)] are the scattering particle radius of gyratiBg (A) and the power factod (adimensional; d A)
andk (adimensional refer to the average distance between scattering particles and to the correlation degree§pr finection
(Eq. (6)), respectively.
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structure[18]. Parameterd resulted in values of
approximately 4 (Table 1. This indicates an

175

fractality cannot, therefore, be made unequivocally.
However, it is important to note that the rheolog-

intense change in electronic density at the protein ical measurements have in fact identified two
surface, indicating a sharp interface. Interparticle distinct dynamical populations, which may not

correlation, as estimated through paramdieis
2.5, which is slightly greater thark values
observed for lysozyme in TM{Uvater. The aver-
age distance between particlég) for lysozyme
in water was 62°A, only slightly lower than that
obtained by Minezaki et al32] directly from the
interference peak positiof = 27 / gpear-

The most prominent observation is the drastic
change in scattering particle radius of gyratien
from 14 A in water to circa 44 A in TMYwater
(for wrmy=0.6, 0.7 and 0.8, and 0.5010~2 mol
dm~3 lysozyme concentration accompanied by

have a direct correlation with morphologically
distinct protein molecular populations, but rather
with associations between unfolded protein mole-
cules and the apolar continuum of the organic
solvent microdomains. As will be seen, a simple
or direct correlation between dynamical role and
protein conformational status is not easily
acknowledged for those systems. That aspect will
be brought back into discussion later in this text.
The disappearance of the interference function
at wryy = 0.9, reflecting the absence of correlation
between the scattering centers is intriguifidgs.

an increase of the mean distance between the2 and 3. It is interesting to note that the SAXS

scattering units from 62 A to approximately 155
A (Table 1. It should be noted, as already indi-

curve profiles, for all TMU mass fractions, are
very similar to that obtained abry,=0.9 after

cated, that such changes correspond macroscopithe interference pealFig. 2). That indicates that

cally to the formation of semi-solid matrices of

the scattering particles in the protein gels are likely

viscoelastic character. The degree of correlation to have similar shapes, irrespective of the occur-

k=2 (Table J indicates that systems are not in a
condition of maximum packing, which is compat-
ible with the observed great flexibility of such

rence of the interference effect. In fact, dynamical
rheological measurements performed in these sys-
tems [4] indicate the maintenance of the linear

network structures, as expressed by their large viscoelastic region, independently of solvent com-

linear viscoelastic regions verified in strain ampli-
tude testd4]. The close proximity of th&, value
(Ry=44 A), found for the scattering part|cles in

position, implying that one same network general
structure is present in the matrices, which is in
agreement with the scattering findings described

the lysozyme viscoelastic matrices, to that obtained in this work.

[6] for aqueous solutions of lysozyme in the
diluted regime(0.30x 102 mol dnt 3), atwyy =
0.7, where systems are Newtonian fluidso gel
charactey, is noteworthy. That confirms previous
observations[1-3] according to which protein
conformational transition seems to be totally
induced by the organjaqueous solvent, in a way

Transient rheological assays, however, indicate
strikingly different dynamical characteristic for the
gels developed atvyy,=0.6, 0.7, 0.8 and 0.9,
with very distinct viscous and elastic contributions
in each casé¢4]. Those studies have also indicated
polydispersion for all gel samples assayed, with
curves fitting double exponential functions. In all

that is independent from the protein concentration cases, systems comprised two dynamic popula-
and consequently from the intermolecular contacts tions, with relaxations differing in approximately

leading to gel formation. Besides, the paramdter
presented values between 2 and(Bable J),
indicating either fractal character for the scattering
particles in the gel matrices or sample polydisper-
sion, or both.

one order of magnitude from each other, for each
solvent concentratiofwryy). In the gel atvry,, =

0.9, however, the elastic contribution was found
to be major(amounting to 92% with gel behavior
approaching that of a perfectly elastic solid. This

Since rheological studies on these systems haveis in accordance with the SAXS results presented

clearly pointed out their polydispersed character,
with two dynamically very distinct populations
[4], the exclusive assignment of parameterto

here for the gel at that solvent concentration
(wrmu=0.9), since the absence of interference is
likely to be indicating a matrix condition where
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Fig. 3. SAXS curve of lysozym@vate/ TMU at wry,, =0.9, with protein concentration equal to 0:6Q0~2 mol dnt 2. Solid line
represents the best fitting of the form functi®fy) to experimental data. Output modeling parameters are shown in Table 1.

lysozyme molecules are completely intermingled
in the TMU continuum. Such a condition would

fitting parameters in Table 1, the scattering units
at wryy=0.9 also display thel parameter in the

be expected to enhance the elastic character of therange ascribed to mass fractal chara€tes2.8),

gel, as verified[4]. For gels atwr,,=0.6, 0.7
and 0.8, however, the viscous contributions are
significant, amounting to 60%, 40% and 21%,
respectively[5]. For these systems, nevertheless,
SAXS results indicate very similar matrix mor-
phologies, with scattering particle not very distinct
from that found atwryy,=0.9. Those apparently
conflicting results could be understood if one
assigns the elastic contribution in the matrices,
revealed in rheological experiments, predominantly

although sample polydispersion, as previously
pointed out, could as well respond for that value.
However, since polydispersion is much less rele-
vant at that solvent concentration, it seems very
likely that the fractal character has, in fact, an
important role in parameted. The radius of
gyration is equal to 49 A, which is slightly larger
than those observed farn,,,=0.6-0.8, and rTJUCh
larger than that of the native prote(®,=14 A).
Fig. 4a presents the distance distribution function

to the apolar extended domains, comprising the p(r), calculated through the GNOM program,
TMU continuum and intermingled unfolded pro- which indicatesD,,.,=150 A andR ;=49 A. With

tein molecules; and the viscous contribution main-

the aim of verifying if that indicates extensive

ly to the dispersed aqueous microdomains in the protein unfolding, we analyzed data through the
lattice. Such assignments are in accordance with Kratky plot, where the characteristic profile veri-

the maintenance of both the network morphology
(according to the SAXS analysis in this worknd
the linear viscoelastic regiofaccording to rheo-
logical evidencd4]).

Fig. 3 shows the fitting to the SAXS curve
obtained atwryy,=0.9, usingP(q) form function
[Eq. (4)]. As can be seen in Fig. 3 and from the

fied for the native protein is included for compar-
ison (Fig. 4b). The observed peak in the modified
protein curve indicates that the scattering particle
is not totally unfolded. Complete unfolding would
actually not be expected, due to particularities of
lysozyme covalent structure with four intramolec-
ular disulfide linkages. However, the extent of
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Fig. 4. Lysozymgwatey TMU at wry, = 0.9, with protein con-
centration equal to 0.5010°2 mol dnt3:(a) p(r) distance
distribution function(b) Kratky plot (open symbolsand theo-
retical scattering function corresponding j6r) (-); Kratky

plot corresponding to the scattering of lysozyme native con-

formation(normalized is also included- - -) for comparison.

present in viscoelastic lysozyme, although in the
organic—aqueous media where that was found,
such structures typically bear a rather loose, less-
tightly packed conformation, of a non-orthodox

character1].

The maximum particle dimensiorD,,,, at
wrmu =0.9 is of the order of the mean distange
between the scattering particlesafy,,=0.8. A
small increase iRy at wryy=0.9 relative to its
condition in the previous lower organic solvent
concentration may lead to a complete lysozyme
interdigitation with the apolar prevailing medium
as already pointed out, resulting in the loss of the
interparticle interference effect, as observed.

Relevant experimental data on the many physi-
co-chemical aspects of TMU non-ideal behavior,
and that of its aqueous solutions, have been put
forth in the literature in the last decadfk4,34—
37l. TMU/water mixtures display very pro-
nounced deviations from ideal behavior. They
constitute, in fact, microheterogeneous systems and
that is of critical interest in the context of this
work, since strikingly distinct flow behavior is
observed for proteins dispersed in these media, as
a function of the binary solvent compositi¢b,4].

It has been known that these binary systems play
a water structuring role up to a molar concentration
of 0.2 mol/dm® at room temperature, whereas
acting as water destructuring at higher concentra-
tions. That creates anomalies in water diffusion:
diffusion coefficients determined by the SANS
technique for water in TMU are significantly lower
than in pure water, whereas TMU diffusion coef-
ficients are kept practically constaii4,34. A
cage model, commonly accepted for clathrates, is
proposed to explain the dat&5]. Density, viscos-

ity and absorption maxima for aqueous TMU
solutions are observed at approximately 0.2 molar
fraction (which corresponds tevry,, =0.6, coin-

unfolding is certainly more extensive in this case cidently, the threshold concentration for lysozyme
than in the presence of usual denaturants, like ureaviscoelastic transition whereas compressibility
(Ry=22 A for lysozyme in 8 M ureg[33], for
instance. That has been further supported by the centrations[37]. Partial molar volumes for TMU
observation of very distinctive rheological and and water in their mutual mixtures reveal the
spectroscopic behavior of lysozyme in TMWater
as compared to that in concentrated urdd.
Raman scattering has also indicated that secondarybeen proposed to occur in TMWater mixtures
structures are considerably diminished but still at that critical solvent composition and to consti-

excess values display minima at these same con-

occurrence of remarkable deviations in that region.

An inversion in the microdomain configuration has
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tute the driving force for the viscoelastic protein 00)) for the use of their facilities. This work is
transition observed1-3. part of a project by one of the authof&.P.G.
Although a general trend for the protein transi- Aréas, supported by FAPESEBrazil). It contains
tion observed has been proposed in previous stud-part of the work developed in the Master’s thesis
ies [1-3], the detailed mechanism through which of M.A. da Silva, to whom a CNPJBrazil)
the binary mixture transition affects the unfolded scholarship has been granted. R. Itri and E.P.G.
protein solvation is still an open question in many Aréas are grateful to CNPq for the grant of
of its aspects, particularly taking into account the research fellowships. R. Itri also thanks support
fact the solvent configurational status may show a from FAPESP and CAPES.
dependence on the protein’s extent of unfolding.
In this respect, the present study brings important References
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