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Abstract We report here a study on thermal aggregation
of BSA at two different pH values selected to be close to the
isoelectric point (pI) of this protein. Our aim is to better
understand the several steps and mechanisms accompany-
ing the aggregation process. For this purpose we have per-
formed kinetics of integrated intensity emission of intrinsic
and extrinsic dyes, tryptophans and ANS respectively,
kinetics of Rayleigh scattering and of turbidity. The results
confirm the important role played by conformational
changes in the tertiary structure, especially in the exposure
of internal hydrophobic regions that promote intermolecular
interactions. We also confirm that the absence of electro-
static repulsion favours the disordered non-specific inter-
actions between molecules and consequently affects the
aggregation rate. Finally, the comparison between BSA and
another relative protein, HSA, allows us to clarify the role
of different domains involved in the aggregation process.

Introduction
During the last years, protein aggregation processes have

been extensively studied for their relevance in many fields
of biotechnological, pharmaceutical and medical research
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(Chiti et al. 2002; Calamai et al. 2005). Nevertheless, a glo-
bal comprehension of the phenomenon and of the under-
lying mechanisms is still far from being accomplished.
Protein aggregation is characterized by multiple inter-
actions and cross-feedback among different processes, in
particular conformational changes and intermolecular
interactions, which strongly affect each other. In addition, a
remarkable role may be played by solvent induced/guided
interactions. The hierarchy of all these mechanisms and
their extent depend on the environment and on several
physical and chemical parameters such as temperature, pH,
ionic strength, denaturant addition, etc. (Durbin and Feher
1996; Guijaro et al. 1998; Vaiana et al. 2001; Foguel et al.
2003; Munishkina et al. 2004; Uversky and Fink 2004;
Dzwolak et al. 2005).

In general, it is commonly accepted that the aggregation
process takes place from misfolded and partially unfolded
states acting in competition with the normal folding path-
way (Uversky and Fink 2004; Calamai et al. 2005; Guijaro
et al. 1998; Dobson 2004; Kelly 1998; Morel et al. 2006).
We remind that, for proteins, the lost of structural stability
may trigger partial unfolding, which, in turn, may result in
the formation of supramolecular aggregates. Conforma-
tional changes play a fundamental role in the aggregation
pathways and have their onset under particular external
conditions (San Biagio et al. 1999; Bellotti et al. 2000;
Militello et al. 2003, 2004; Vetri et al. 2007). For example, for
a wide class of proteins under specific conditions, confor-
mational changes at the secondary structure may promote
the formation of intermolecular -strands, leading to forma-
tion of strongly ordered aggregates, known as amyloid
fibrils (Arai et al. 1999; Bellotti et al. 2000; Stefani et al.
2003; Uversky and Fink 2004; Vetri etal. 2007). This
particular self-association of proteins in amyloidal aggrega-
tion is involved in a wide range of pathologies, such as
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Alzheimer’s and Parkinson’s disease, in which deposition
of large amounts of aggregated proteins is observed (Fog-
uel et al. 2003; Calamai et al. 2005; Dobson 2004; Walsh
et al. 2004).

Thermal induced aggregation has to be considered as a
process beginning from partially denatured conformations:
after the temperature increase, the native and compact form
of the protein becomes more flexible and as a consequence,
some molecular regions of the protein molecule, such as
hydrophobic regions or free SH-groups, become accessible
to new intermolecular interactions, thus bringing about the
formation of large aggregates through non-covalent and/or
disulphide bonds (Militello et al. 2003). In addition, inter-
molecular association can be favoured by the formation of
intermolecular f-sheets. This short and general description
is necessary, in our opinion, to acquaint the readers with the
idea that a very large variety of mechanisms are involved in
aggregation process and that these mechanisms are difficult
to separate and are strongly affected even by small differ-
ences in the external parameters. At the moment, it is nec-
essary to collect a lot of data using different techniques and
proteins, in way to make much more clear the following in
the steps and pathways that constitute the whole aggrega-
tion process.

Bovine serum albumin (BSA) is a well-known protein,
which under a variety of conditions displays tendency to
self-assembly in large macromolecular aggregates. It is
composed of a single polypeptide chain, organized into
three domains (I, II and III), each one formed by six heli-
ces. At room temperature, its secondary structure is pre-
dominantly «-helical. The 17 disulphide bridges ensure
some rigidity within each subdomain, but allow significant
modifications in the shape and size of serum albumin in
response to changes in pH and other influences (Foster
1977; Carter and Ho 1994). BSA undergoes reversible con-
formational isomerization as a function of pH, going from
the N form, at neutral pH, to the less compact F form, close
to pH 4 (Katchalski 1957; Sadler et al. 1993; Nakamura
et al. 1997; Brooks et al. 2000). It is worth noting that the
secondary structure of BSA displays few changes in a range
of pH values between 6.5 and 5 (El Kadi 20006), the latter
value being close to the isoelectric point of the protein and
reported to be around 4.6-4.9 (Putnam 1975; Peters 1996;
Taboada et al. 2004; Brewer et al. 2005).

We have already performed studies on thermal aggrega-
tion of BSA and we have shown that, at low concentration
regime (M) and at pH 6.2, the aggregation process
involves conformational changes at the secondary and ter-
tiary level. Moreover, a relevant role is played by the free
cysteine 34 together with intermolecular hydrophobic inter-
actions (Militello et al. 2003). In the high concentration
regime (mM), the aggregation pathway is strongly affected
by pH, as previously described (Militello et al. 2004). At
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pH 7.4, far from the pI (i.e. with a net charge in the protein
surface), the aggregation proceeds through the formation
of relatively small ordered aggregates (oligomers) that are
characterized by a sizeable amount of intermolecular f-
sheets, as revealed by FTIR spectroscopy. At lower pH val-
ues, 6.8 and 6.2, more close to the plI (i.e. with a minor net
charge in the protein surface), a large fraction of bigger dis-
ordered aggregates was observed. All these previous stud-
ies clearly indicate that the mechanism of BSA aggregation
can proceed via two different pathways: either producing
smaller ordered aggregates through the conversion from
a-helix to f-aggregated structures addressed by specific
intermolecular interactions (as electrostatic interactions) or
producing aggregates of larger dimensions via non-specific
and more disordered interactions (as hydrophobic inter-
actions).

For continuity and for better understanding of the several
mechanisms and steps involved in the aggregation of BSA,
here we report a study on BSA thermal aggregation at
lower pH values, 4.7 and 5.7, and in low concentration
regime in such a way as to neglect the role of thermo-
dynamic instability of BSA solutions against liquid-liquid
demixing (San Biagio etal. 1999; Militello et al. 2003).
The experimental approach consists of a kinetic study of
the emission of tryptophans present in the protein and of
ANS (anilino naphthalene sulphonate) used as an extrinsic
dye. In particular, we remind that BSA has two trypto-
phans, embedded in two different domains: Trp134, located
in domain I, in a hydrophobic pocket near the surface of the
protein molecule; Trp214, located in an internal part of
domain IT (Moriyama et al. 1996; Militello et al. 2003). The
quantum yield of tryptophans depends on their solvent
exposure that, in our conditions, is caused by conforma-
tional changes in tertiary structure due to high temperature.
For these reasons, following the aggregation process
through the kinetics of tryptophans emission, we are able
to provide information on the conformational changes in
domain I and II. At the same time, the progress of the
aggregation process can be monitored by means of Ray-
leigh scattering of the excitation peak at 90°.

Moreover, we have also studied, through suitable turbid-
ity measurements, how the rate of the aggregation pro-
cesses depends on the concentration at the two pH values.
Finally, additional information on the conformational
changes in the tertiary structure was obtained by using
ANS, whose emission vanishes in water solution, while is
increased when the probe is buried in hydrophobic regions.
For this reason, ANS is a valid tool for studying the proper-
ties of intermediate states in folding/unfolding pathways
and the conformational changes involved in the aggregation
processes (Semisotnov et al. 1991; D’ Alfonso et al. 1999;
Lindgren et al. 2005; Marcon et al. 2005). In general, BSA
has two specific binding sites for ANS, located respectively
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in domain II and III of the protein, with different affinities
(Zolese et al. 2000). At high ANS concentration, both sites
are populated, whereas at low concentration the probe inter-
acts essentially with the site buried in domain III. In partic-
ular, in this study we have selected an ANS concentration
suitable to obtain information on the role played by domain
III.

The experimental approach is also applied, for compari-
son, to human serum albumin (HSA) samples. In fact, the
aim of this study is to better understand the mechanisms
related to the aggregation of BSA, also comparing itself
with the aggregation process of a relative protein, the HSA.
In particular, HSA and BSA present closely homologous
structures stabilized by a repeating pattern of the 17 disul-
phide bridges, both at the tertiary and secondary structure
level (Carter and Ho 1994) and they have the same isoelec-
tric point (Putnam 1975; Peters 1996; Taboada et al. 2004;
Breweret al. 2005; El Kadi 2006; Oliva et al. 2002). HSA
has only one tryptophan (Trp214), localized in domain II
(Moryiama etal. 1996; Gelamo etal. 2002), and it is
known to undergo different pH-dependent structural transi-
tions and conformational changes with different involve-
ment of domains (Dokal etal. 2000) that can bring to
amyloid fibril formation (Taboada et al. 2000).

The results show that aggregation processes in human
and bovine serum albumin, for the same conditions, follow
different aggregation pathways strictly affected by hydro-
phobic interactions modulated by pH.

Materials and methods
Sample preparation

BSA (A-0281), HSA (A-3782) and ANS (A-1028) were
purchased from Sigma. All the measurements on BSA and
HSA were performed in phosphate buffer 0.1 M at pH 4.7
and 5.7. Every solution was freshly prepared and filtered
just before the measurements and the protein concentration
was spectrophotometrically determined. Protein concentra-
tion was approximately 3.5 puM. ANS/protein molar ratio
was 0.4 to ensuring that the dye was linked to subdomain
III.

Spectral measurements

Fluorescence spectra were carried out on Jasco FP-6500
equipped with a Jasco ETC-273T peltier-thermostat. Sam-
ples were positioned in a cuvette of 1 cm and, after thermal
equilibration; all emission spectra were recorded at 0.5 nm
wavelength intervals, with emission and excitation band-
width of 3 nm, scan-speed of 100 nm/min and integration
time of 1s.

Excitation spectra at 25°C, before and after the kinetics,
were measured to control variations of the excitation band
profile. The spectral distributions were corrected for spec-
tral response of the detection system (Lackovicz 1983;
Leone et al. 1999) and normalized with respect to sample
absorption at the exciting wavelength. Spectra were analy-
sed by calculating the integrated intensity of the spectral
distributions, after having subtracted the tangent to the min-
ima of each band. Contemporary Rayleigh scattering at 90°
was also measured as the maximum of the elastic peaks of
excitation light. The experimental errors were about 2 and
5% for fluorescence and scattering data, respectively.

The tryptophans emission spectra in the range 280-
430 nm were obtained under excitation at 270 nm, a good
compromise between spectral quality and the requirement
of avoiding significant contributions to the tyrosine emission
(Militello et al. 2003;Vetri and Militello 2005). ANS-protein
complexes spectra were detected using an excitation
wavelength ., = 380 nm.

Absorption measurements were carried out on a Jasco V-
570 spectrophotometer. Turbidity experiments were per-
formed following the absorbance at 4 =320 nm during the
progress of the aggregation process.

Results and discussions
BSA aggregation

In Fig. 1, we report the kinetics of Rayleigh scattering
intensity at 60°C for two BSA samples, at pH 4.7 and 5.7.
As can be seen, during the aggregation process, the Ray-
leigh scattering intensity increases with increasing time and
dimensions of scattering objects in solution. The data show
also a marked dependence on the pH values: the growth of
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Fig. 1 Kinetics of elastic scattering peak measured at A = 270 nm and
T = 60°C for BSA at pH 4.7 (white circles) and 5.7 (black circles)
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macromolecular aggregates at pH 4.7 is faster than that at
pH 5.7. In particular, at pH 4.7, i.e. very close to the iso-
electric point, the signal shows a sudden growth of macro-
molecular aggregates in the first 20 min and a subsequent
slower phase. At pH 5.7, the behaviour appears inverted,
with a slower and more regular growth phase at the begin-
ning and a final faster phase. It is worth noting that the ini-
tial points are coincident (within 10 min) and that after
about 65 min the two behaviours cross themselves. This
last statement could mean that we are observing the growth
of macromolecular aggregates, which can be roughly con-
sidered to be of the same dimensions, but they are produced
via different pathways of aggregation dependent on pH.
Indeed, in the first 10 min the protein, at both the pH val-
ues, probably proceeds towards a thermal partial unfolding
before aggregating (Militello et al. 2003, 2004).

To have more information on the nature of the observed
aggregates, we investigated the behaviour of the aggrega-
tion rate as a function of protein concentration through the
turbidity method. In fact, concentration is a key parameter
in aggregation and the dependence of the process evolution
on this parameter could give interesting insights into under-
standing the involved mechanisms.

Figure 2a shows a typical kinetic of the absorbance mea-
sured at 320 nm and at 60°C for a BSA sample at pH 5.7.
Moreover, an indication of the velocity of the process can
be obtained considering the inverse of the time necessary to
reach 1/2 of the maximum value of the sample turbidity, as
shown in Fig. 2b, in which we put in relation the depen-
dence of this parameter from the protein concentration at
the two pH values. In both cases, the rate of aggregation
depends linearly on the concentration with different slopes.
Such a linear dependence, which is reasonable for an asso-
ciative process (Chandrasekhar 1943), suggests that the
aggregation is not affected by particular nucleation steps,
which would give higher concentration dependencies (see
e.g. Ferrone 1999). Even if the explored concentration
range is restricted, this behaviour is not surprising also in
view of the fact that the observed phenomena occur far
from the instability region, so liquid-liquid demixing
mechanisms can be excluded. It should be noted that this
kind of observation allows us to evidence that the process,

at lower pH, is characterized by a steeper concentration
dependence and by the existence of a threshold concentra-
tion below which no aggregation process occurs. This
seems to indicate the existence of a critical concentration of
monomers below which aggregate cannot form. In fact,
threshold phenomena in general occur in the presence of
two equilibrium states coexisting in a certain range of
parameters (i.e. concentration), represented here by mono-
meric and aggregate states. Non-specific interactions may
lead to steeper concentration dependence and also to the
existence of the observed threshold concentration, which is
probably brought about by a non-negligible dissociation
rate between monomers and aggregates, equal to the rela-
tive association rate (see e.g. Naiki and Gejyo 1999).

It is worth marking that, as a function of pH, BSA pre-
sents different aggregation pathways that seem to be char-
acterized by different mechanisms: while temperature in
this concentration regime is a “knob” that makes the pro-
cess faster or slower (through partial unfolding of the native
state), pH induces variation in the nature of aggregation
pathways since it varies/diversifies in both the initial three-
dimensional structure (as isomeric forms) and in the rate at
which the different interactions are involved.

To investigate if and how changes at the secondary
structure level are involved, we have performed CD mea-
surements that are not reported here because, for both sam-
ples, the aggregation pathways proceed without relevant
changes in secondary structures. This fact allows us to
exclude the intermolecular association favoured by inter-
molecular ff-sheets, found previously with the same protein
at higher pH. Under these conditions, on the contrary, the
aggregation process seems to evolve through conforma-
tional changes at the tertiary structure level, as the kinetics
of tryptophans and ANS fluorescence emissions show.

Figure 3 shows the kinetics of tryptophans emission of
the BSA at pH 4.7 and 5.7. We remind that the emission
band of BSA at about 330 nm is attributed to the two try-
ptophans: Trp134, located in a hydrophobic pocket near the
surface of the domain I and that gives the major contribu-
tion to emission intensity (Militello et al. 2003); Trp 214,
located in an internal part of domain II. As evident, both
samples at 60°C exhibit quenching of tryptophans emission,
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Fig. 3 Kinetics of the integrated intensity of tryptophans emission at
T = 60°C for BSA at two pH. As in Fig. 1, symbols

whose temporal evolution is in strict relation with the
scattering increase reported in Fig. 1. Such quenching has
been attributed to tertiary structure changes, which cause
the exposure of tryptophans to the solvent. Furthermore, the
decrease of fluorescence emission appears monotonic and
slower for the sample at pH 5.7, while it seems to be bipha-
sic at a lower pH. In Fig. 1, during the first 10 min no
change is observed, while up to the beginning, and espe-
cially at pH 4.7, a slow partial unfolding of the protein, i.e.
a change in tertiary structure due to the temperature is evi-
dent. We outline, however, that the first point showed in all
the kinetics is already at thermal equilibrium (60°C). The
differences in the observed decrease of tryptophans emis-
sion can be rationalized by assuming that the different pH
affect the rate of the exposure of tryptophans, i.e. it is rea-
sonable to think that the different ratio between the two try-
ptophanyl contributions at the emission band is also pH
dependent. Notwithstanding, BSA at these two pH is
reported to exist prevalently in its N conformation, so we
suggest that the main contribution is still attributable to Trp
134 in domain I. This could indicate that the overall effects
observed until now are related to local rearrangement of the
surrounding of this chromophor, leading to the partial
opening of the native conformation. As a consequence of
the observed opening, there is the exposure of new reactive
regions prone to aggregation.

To further explore the nature of the exposed sites, we
studied the emission kinetic of ANS dye. In particular,
ANS binding site in BSA are of two types: one with larger
affinity identified on subdomain IIIA and another with a
lower affinity identified on subdomain IIA, where Trp 214
is located (Zolese etal. 2000). The ANS concentration
studied here enables us to obtain information on the confor-
mational changes involving principally domain IIL
Figure 4 shows the kinetics of the integrated emission

time (minutes)

Fig. 4 Kinetics of the integrated intensity of ANS emission at
T = 60°C for ANS-BSA at pH 4.7 (white triangles) and 5.7 (black
triangles)

intensity of ANS at the two pH. The selected ANS concen-
tration enables us to obtain information on the conforma-
tional changes involving principally domain III. Moreover,
it has been verified that, in these conditions, the aggregation
process is not slackened by ANS presence.

These data show at pH 4.7, a lower emission intensity of
ANS, in analogy with the tryptophans emission in Fig. 3,
which indicates a major exposure to the solvent of ANS
binding site in domain III with respect to that at pH 5.7.
Both the behaviours at the two pH studied are parallel, thus
indicating that we are observing the same process. Indeed,
the different intensity values suggest a different “affinity” of
BSA for this dye, which depends on pH; in fact, it is plausi-
ble to attribute these differences to the subtle changes in
BSA conformation due to different pH.

Our results up to now suggest that domains I and III are
certainly involved in the conformational changes that
address the protein towards partial unfolding, and their con-
formation is influenced by pH.

HSA aggregation

To better understand the mechanisms of aggregation of
BSA, we compared the data shown until now with analo-
gous data regarding the aggregation process of HSA, a rela-
tive protein with homologous tertiary and secondary
structures and same isoelectric point. HSA has only one
tryptophan (Trp 214) localized in domain II (Moryiama
et al. 1996; Gelamo et al. 2002; Viallet et al. 2000) and is
known to undergo different pH-dependent structural transi-
tions and conformational changes with different involve-
ment of domains (Dokal et al. 2000). With this protein, we
tried to separate the contributions of domain II to the aggre-
gation process.
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In particular, we followed the thermal aggregation of
HSA under the same experimental conditions as that used
for BSA. In Fig. 5, we report the kinetics of Rayleigh scat-
tering intensity at 60°C for two HSA samples, at pH 4.7 and
5.7, in the same time interval observed before for BSA, in
Fig. 1.

As can be seen, this protein shows an analogous slow
growth of Rayleigh scattering intensities in both the sam-
ples at different pH up to 40 min from the beginning of the
process. Afterwards, the behaviour becomes faster at pH
4.7 than at pH 5.7, as shown in BSA. Again, in the first
10 min, the behaviours are the same for both the samples.
With respect to BSA, the aggregation of HSA at pH 5.7
seems much faster than BSA at the same pH, while at pH
4.7 it seems slower from the beginning. These observations
suggest different aggregation pathways explored by the two
proteins depending on pH. From the other measurements
performed but not reported, in the same experimental con-
ditions, as observed for BSA, the aggregation pathways for
HSA proceed without relevant changes either with respect
to protein concentration or with respect to secondary struc-
tures.

Figure 6 shows the kinetics of tryptophan emission for
HSA at pH 4.7 and 5.7. As can be seen, for both samples
the intensity decreases in correlation with the observed
scattering intensities showed in Fig. 5, thus indicating that,
also in this protein, conformational changes in tertiary
structure occur and that also domain II is involved in the
partial opening to the solvent, but shows less dependence
on pH. The Trp 214 localized in domain II, in fact, is situ-
ated in an internal site.

In Fig. 7, the kinetics of ANS emission are reported; the
experiments were rigorously performed under the same
conditions used for BSA (ANS/HSA =0.4). Due to the
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Fig. 5 Kinetics of elastic scattering peak measured at A =270 nm
and 7 = 60°C for HSA at pH 4.7 (white diamonds), and 5.7 (black
diamonds)
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Fig. 7 Kinetics of the integrated intensity of ANS emission at
T = 60°C for ANS-HSA at pH 4.7 (white triangles) and 5.7 (black
triangles)

close structural homology of the two proteins, the binding
sites (and the relative affinities) for ANS are considered to
be the same as that of BSA.

From Fig. 7, it is evident that, as also for HSA, the ANS
affinity appears to be different depending on pH; as in BSA,
at pH 4.7 the emission intensity of ANS is lower, thus indi-
cating a major exposure to the solvent of ANS binding site
of domain III, with respect to that at pH 5.7. But the behav-
iour shown by this hydrophobic dye is opposite with
respect to BSA: a major quenching at pH 5.7, while at
pH 4.7 the initial lower quenching is very short (only in
the first 10 min), then increases but the whole variation in the
emission signal is very small. In general, we can discuss
the results as follows:

1. at pH 5.7, ANS emission remains quite constant in the
first step (during about 20 min) indicating not immedi-
ate and appreciable variations of domain III, and then a
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subsequent quenching appears and it could be attrib-
uted to a major exposure to the solvent of ANS binding
site in domain III; in BSA, the partial opening of the
ANS pocket occurs immediately, as shown in Fig. 4;

2. at pH 4.7, ANS emission shows a very small initial
quenching (in the first 10 min), which can be attributed
to a preliminary exposure of the dye to the solvent, due
to the partial opening of tertiary structure caused by
temperature; afterwards, the signal shows a small
increase of emission intensity, which could be attrib-
uted to the formation of new intermolecular inter-
actions that produce new hydrophobic sites for the dye.
This last behaviour is not observed in BSA.

Conclusions

The data shown, consistently, seem to confirm the role
played by the net charge of the protein in the aggregation
process. The absence of electrostatic repulsion favours the
disordered interaction between proteins and consequently
affects the aggregation rate. The intermolecular interactions
between the hydrophobic regions exposed to the solvent are
initially dominant, as shown by ANS behaviour, and then
other mechanisms add themselves.

We already had suggested that when the net charge of
the BSA, at higher concentrations with respect to those
shown in this study, is increased (i.e. when pH of solution
is far from the pl), the aggregation mechanism proceeds in
an ordered way to form f-aggregates that prevalently come
from the o-helix changes and produce aggregates of small
dimensions; on the contrary, when the net charge is
decreased, (i.e. when pH of solution is close to pl), the
aggregation mechanism is more disordered and other
aggregates of larger dimensions add to the smaller ones. In
other words, BSA can aggregates via smaller specie (/-
aggregates) when the electrostatic repulsions are increased
and this mechanism prevalently contributes to form oligo-
mers, whereas, other type of aggregates structures add
when the net charge of the protein decreases (Militello et al.
2003).

Coherently, in this study at lower concentrations, the
minor molecular crowd shows, for both the proteins, simi-
lar dependence on pH, in the sense that the changes in the
net charge favours more or less the electrostatic repulsion
between neighbours and drives towards one or another
aggregation pathway. We remind that here we are studying
a pH range closer to the pl than that of previous papers.

We have also found that, in the experimental conditions
studied here, the “incipit” of BSA aggregation is not guided
by nucleation mechanisms. In addition at the lower pH,
close to the isoelectric point, the poorly specific interactions
result in the presence of a threshold concentration below

which no one aggregation can occur. We can also notice the
absence or the presence of the threshold concentration for
the same protein in different conditions. The aggregation
rate linearly depends on concentration; instead, the dissoci-
ation rate of the first small aggregates most likely does not,
probably being more related to intrinsic properties of pro-
tein—solvent interaction.

Moreover, we can infer that different domains are
involved in different conformational changes depending on
pH; in fact, as monitored by tryptophans and ANS fluores-
cence, aggregation is favoured from progressive exposure
of internal hydrophobic groups in the three protein
domains. This exposure appears different at the two pH and
in the two proteins and it is probably due to the slight differ-
ences in the initial native structure, like different isomeric
forms, as also reported in a paper by Dockal et al. (2000).

The nature of aggregation pathways appears to be com-
posed of two different and inverted phases at the two pH.
In particular, at these two acid pH, closest to the pl, confor-
mational changes involve only tertiary structure and the
aggregation proceeds via disordered and non-specific inter-
actions without conformational changes at the secondary
structure for both the relative proteins. Although a marked
homology in protein structure exists, data concerning HSA
provide information on different aggregation pathways with
respect to those of BSA.

These results confirm that the process is strictly depen-
dent on external conditions and, in particular, assessment of
the role of the solvent in aggregation processes is crucial.
We can guess that the conformational changes inducing
partial exposure of hydrophobic residues have a common
feature in being the step for initiating intermolecular cross-
linking interactions also without changes in secondary
structures. Other type of interactions, especially the electro-
static ones, seem to drive the aggregation process toward
more or less disordered aggregation that needs changes also
in secondary structures.
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