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Tyrosine fluorescence probing of the surfactant-
induced conformational changes of albumin

Nadezda G. Zhdanova“, Evgeny A. Shirshin®", Eugene G. Maksimov’, Ivan M.
Panchishin®, Alexander M. Saletsky” and Victor V. Fadeev*,

Tyrosine fluorescence in native proteins is known to be effectively quenched, whereas its
emission increases upon proteins’ unfolding. This suggests that tyrosine fluorescence could be
exploited for probing structural rearrangements of proteins in addition to the extensively used
tryptophan emission. We studied the possibility of using tyrosine fluorescence as an indicator
of surfactant-induced conformational changes in albumins. It was shown that fluorescence of
tyrosine residues, which are uniformly distributed all over the protein molecules, allows
detection of subtle structural rearrangements of protein upon surfactant binding, which do not
influence on the properties of a single tryptophan residue buried in the inner hydrophobic
region of human serum albumin. Tyrosine fluorescence properties, including its fluorescence
lifetime, revealed the multistage character of surfactant binding to albumin, consistent with the
data provided by other methods. The obtained results demonstrate the possibility of probing

conformational changes in proteins using tyrosine photophysical parameters as an indicator.

Introduction

Serum albumins, being the most abundant proteins in blood
plasma, are responsible for maintaining osmotic blood pressure'
and for binding and transport of a wide variety of molecules
(drugs, metabolites, fatty acids, etc.)'”. Binding of different
ligands by albumin depends not only on the type of ligand but
also on the presence of other ligands in solution (competitive
binding*) as well as on the conformation of the protein
molecule’.

Albumins have been extensively studied and are now
commonly used as model proteins to investigate conformational
changes of macromolecules under various external influences
(pH, temperature, addition of ligands, efc.). Conformational
changes of proteins can be monitored using fluorescent probes®
1% or intrinsic fluorescence, which is caused by aromatic amino
acid residues (tryptophan (Trp), (Tyr) and
phenylalanine (Phe))'''¢.

Among aromatic amino acids, prior attention is paid to Trp
because of its high quantum yield in proteins'® and sensitivity
of its fluorescent properties to local environment. For instance,

tyrosine
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when a ligand binds to a site on a protein in the vicinity of Trp,
a several times decrease of its fluorescence intensity and/or
fluorescence lifetime may occur.'> Moreover, the wavelength of
maximum in the fluorescence spectrum of Trp strongly depends
on the polarity of its microenvironment.'”'® As the result,
spectral maximum of Trp fluorescence covers the range from
308 nm (Trp in azurin'®) to 360 nm (Trp in water'®).

Serum albumin is a globular protein, which under physiological
conditions adopts a heart-like shape formed by three
homologous domains, each of which is further divided in two
sub-domains called A and B.! In human serum albumin (HSA),
the only tryptophan residue (Trp214) is located in the domain
II. Two high affinity binding sites (Sudlow I and II) are located
near this residue®*™*', thus making possible using Trp
fluorescence as an indicator of ligand binding to these sites.
However, there are other binding sites in HSA (Fig. 1) such as
the site for heme in domain I??> and several fatty acids binding
sites that are located far from Trp 214%**. As the result,
conformational changes of HSA caused by binding of these
ligands may have no significant influence on Trp
microenvironment and, consequently, its fluorescence signal
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may remain unchanged. In this case, specific fluorescent labels
which are sensitive to the conformational changes in the
vicinity of ligand binding sites are used.”> Another approach is
the use of homologous proteins, e.g. bovine serum albumin
(BSA), which has an additional tryptophan residue (Trp134)

located in the domain 1.5!52

.

SR
ngzq,
;:‘;*

ﬂ-. b

gTyMSS
: 6
e {\

I\ d

Heme [/
Figure 1. a) Structure of the complex HSA-fatty acid (pdb ID: 1ef7%, Tyr — blue,
Trp — red, fatty - green). b) Structure of BSA (pdb ID: 3v03%, Tyr — blue, Trp —
red). The binding site in the domain | of HSA formed by pi-stacked Tyr138 and
Tyr16127 c) in complex HSA — fatty acid (pdb ID: 1ef723) and d) in complex HSA-
heme (pdb ID: 1n5u®?). The pictures were prepared using the USCF Chimera
packagezs.
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Proteins conformational changes can be studied using different
denaturing agents, among which surfactants are probably the
most extensively used. At low concentrations of surfactant in
solution it acts as a ligand and its binding is determined by the
presence of several specific sites in protein macromolecule,
while at high concentrations surfactant appears to be a
denaturing agent.”” The complex non-monotonous dependence
of binding affinity on the concentration of surfactant makes it a
convenient model for the investigation of a wide range of
conformational changes in proteins including subtle changes
due to binding to the high affinity sites at ligand low
concentrations and dramatic alterations of protein’s structure at
high concentrations. '

Comparison of binding of surfactant to BSA and HSA based on
Trp fluorescence demonstrates a significant difference between
these homologous albumins at its low concentrations (1 - 10
surfactant molecules per protein molecule).'>'**° This fact was
interpreted by the difference in mutual location of tryptophan
residues (Trp214 in HSA and Trp134 and Trp213 in BSA) and
the high affinity binding sites in HSA and BSA.

Here, we made use of tyrosine residues (Tyr) fluorescence in
albumin to obtain additional information about conformational
changes of albumin caused by its interaction with ionic
surfactant (sodium dodecyl sulfate, SDS). Tyr fluorescence in
proteins is usually quenched due to (i) ionization of the residue
by neighbor amino or carboxyl groups"'*?' or (ii) excitation

2| J. Name., 2012, 00, 1-3

energy transfer to tryptophan®*'3¢. At the same time, several
works®'?*? demonstrate that protein denaturation may lead to
Tyr fluorescence enhancement due to structural rearrangements
leading to the elimination of quenching mechanisms mentioned
above. This suggests that ligand binding to protein, if leading to
conformational changes, may result in the reduction of Tyr
fluorescence quenching efficiency, e.g. by increasing the
distance between certain tyrosine and tryptophan residues. We
also note that Tyr is distributed in serum albumins more
uniformly than Trp (Fig. 1) because of its higher content (18 vs
1 for HSA and 20 vs 2 for BSA), hence, Tyr could possibly be a
sensitive probe of conformational changes of protein’s
segments located far from Trp.

In this work, we studied the behaviour of intrinsic fluorescence
of BSA and HSA, caused by both Tyr and Trp, upon surfactant
binding. We showed that the dependence of Tyr fluorescence
on surfactant concentration was similar for the investigated
proteins (BSA and HSA), while Trp fluorescence exhibited
significant differences. We also investigated the Tyr
microenvironment by means of 4" derivative absorption

spectroscopy®** and picosecond time-resolved fluorescence
spectroscopy'>. The obtained results revealed the surfactant
concentration range corresponding to the changes in

intramolecular energy transfer efficiency from Tyr to Trp
residues and showed that optical parameters of Tyr may
provide new information about conformational changes in
protein upon both ligand binding and denaturation.

Results and discussion

1. Fluorescence of tryptophan (Trp) and tyrosine (Tyr) residues.
Comparison between BSA and HSA

The dependence of Trp fluorescence intensity on SDS
concentration obtained upon 295 nm excitation for HSA and
BSA is presented in Fig. 2. For both proteins, four stages were
observed in fluorescence quenching, that is a well-known fact
in fluorescence spectroscopy of albumin-surfactant systems>>**"
47 Essentially, this multistage character of protein-surfactant
interaction is manifested in other physical parameters of this
system, such as surface tension*®32, calorimetric titration data?’,
conductometric titration data®’,
interaction exhibit a rich variation of cooperativity, binding
energy (and, consequently, interaction mechanism and type of
binding sites) and influences on protein’s secondary and tertiary
We will use the upper scheme, presented in Fig. 2,

which illustrates our current understanding of the albumin-SDS
7,8,10,11,12,14,29

etc. Different stages of

structure.”’

interaction based on the literature data
the changes of fluorescence upon titration. In Fig. 2, SDS
molecules are marked with green circles, SDS binding sites on
albumin in yellow circles, and tryptophan residues with red
circles.

, to interpret

This journal is © The Royal Society of Chemistry 2012
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Figure 2. Maximum fluorescence intensity of BSA (black squares) and HSA (red
circles) as a function of SDS concentration, Aee = 295 nm. BSA and HSA
concentrations were 4.7 uM and 4.1 uM, respectively. Maximum fluorescence
intensity was normalized to the value obtained at [SDS] = 0. The description of
the binding stages corresponding to different SDS concentration regions is given
in the text.

At low SDS concentrations (region I) the fluorescence of HSA
was almost constant, while that of BSA decreased to ca 70% of

the initial value. Gelamo and co-workers'>"

explained this
difference by the presence of primary quencher binding sites in
the vicinity of the Trpl134 located in the domain I in BSA,
while such sites are absent in the neighbourhood of the internal
tryptophan residue in albumin (Trp214 in HSA and Trp213 in
BSA, located in the domain II). This interpretation used the
analogy between the binding of myristic acid and surfactant to
albumin. It is considered that no changes in secondary structure

11,52,53

of albumin occur during this binding stage , while subtle

rearrangements in tertiary structure are revealed
11,12,14

in Trp
fluorescence
Further, an increase in intensity for Trp in HSA was observed,
while fluorescence of BSA was constant (region II). This fact
was explained by Gelamo and Tabak'® as the consequence of
the reduction of Trp214 static fluorescence quenching in HSA
by neighbouring groups, which is present in the native
structure. The same situation should hold for Trp213 in BSA,
and the lack of fluorescence enhancement in this case could be
the consequence of the compensation between Trpl34
fluorescence quenching and Trp213 fluorescence enhancement.
During the next stage, formation of micelle-like aggregates on
proteins’ backbone leads to a sharp decrease in the fluorescence
intensity of both HSA and BSA (region III, see the scheme in
Fig. 2). This stage is connected with global rearrangements of
albumin’s structure as indicated by circular dichroism, SAXS
and EPR data.?**"%% After that, the saturation of proteins
structure with surfactant molecules occurred and no changes of

This journal is © The Royal Society of Chemistry 2012
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fluorescence signal were observed for both HSA and BSA
(region IV, see the scheme in Fig. 2).

Hereby, comparison between the binding of surfactant
molecules to BSA and HSA based only on Trp fluorescence
showed significant difference at low SDS concentrations (ca 1 -
10 molecules of SDS per a protein molecule): fluorescence
intensity of HSA did not change while in the case of BSA it
decreased gradually. HSA and BSA contain one and two Trp
residues, respectively. At the same time, the number of tyrosine
residues is 18 for HSA and 20 for BSA, hence, the distribution
of Tyr in proteins structure is more uniform compared to Trp
(see Fig. lab). This fact suggests that Tyr fluorescence, if
detectable, can provide additional information about ligand
binding to sites located far from tryptophan residues.

The spectral contribution of Tyr can be obtained from protein
spectra excited at 280 nm (when both Tyr and Trp are excited)
and at 295 nm (where Tyr absorption is negligible and only Trp
is excited). Assuming the fluorescence band shape of Trp to be
independent on the excitation wavelength, it is possible to
obtain Tyr parameters from spectra.’” The fluorescence spectra
of BSA (A=280 nm) obtained in absence of SDS and at
maximum SDS concentration (32.8 mM), as well as their
deconvolution into the individual spectra of Tyr and Trp, are
presented in Fig. 3.
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Figure 3. Fluorescence spectra of BSA (black lines) and contributions of Tyr (blue
lines) and Trp (red lines) with (solid lines) and without SDS (dashed lines);
Aexc=280 nm, BSA concentration was 4.8 uM.

Fluorescence spectra of albumin obtained at high SDS
concentrations at Aoy 280 nm exhibited the spectral
maximum close to that of free Tyr (308 nm, see Fig. 3). This
effect is often observed for denatured proteins and is interpreted
as the consequence of Tyr-Trp energy transfer reduction®'~’.
Hence, considering the stepwise unfolding of albumin upon
SDS binding and the shift of fluorescence maximum at A, =
280 nm to the spectral maximum of free tyrosine in aqueous
solution, one could expect the gradual increase in Tyr
fluorescence.

The normalized fluorescence intensity of Tyr (Ae. = 280 nm) as
a function of surfactant concentration for BSA and HSA is
presented in Fig. 4. The dependence of Tyr fluorescence on
SDS concentration is similar for both proteins, suggesting that

J. Name., 2012, 00, 1-3 | 3
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surfactant binding in these homologous proteins is similar. The
dependence in Fig. 4 also exhibits four characteristic stages
similar to that observed for the Trp fluorescence (Fig. 2), but in
case of Tyr emission enhancement is observed upon SDS
binding.
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Figure 4. Maximum fluorescence intensity of Tyr for BSA (black squares) and HSA
(red circles) as a function of SDS concentration, A, = 280 nm. Concentrations of

BSA and HSA were 4.7 uM and 4.1 puM, respectively. Maximum fluorescence
intensity was normalized to the value obtained at [SDS] = 0.
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Figure 5 shows the variation of Trp and Tyr fluorescence
characteristics for BSA upon SDS binding. As mentioned
above, in the region I ([SDS] = 910~ — 410> mM) no global
alterations of protein’s structure occur, hence, the polarity of
Trp microenvironment remained constant and no shift in the
position of fluorescence maximum was observed (Fig. 5a). At
the same time, simultaneous quenching of Trp fluorescence and
enhancement of Tyr emission were detected (Fig. 5). In this
region, corresponding to 1-10 SDS molecules per protein,
binding to the specific (high affinity) sites occurs which is
mainly due to electrostatic interactions.'**** We consider that
in this region of SDS concentrations the reduction of Tyr
fluorescence quenching is likely to be caused by the decrease in
the efficiency of energy transfer to Trp, since the subtle
alterations of protein structure during this binding stage are not
expected to be enough to remove the quenching by amino
groups located in the vicinity of Tyr residues.

4| J. Name., 2012, 00, 1-3
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Figure 5. a) Maximum fluorescence intensity of Trp in BSA (Aexc = 295 nm — black
squares, Aexe = 280 nm — blue triangles) and position of its spectral maxima Amax
(red circles) as a function of SDS concentration (Aex = 295 nm). b Maximum
fluorescence intensity of Tyr in BSA as a function of SDS concentration, Aex = 280
nm. BSA concentration was 4.8 pM. Maximum fluorescence intensity was
normalized to the value obtained at [SDS] = 0.

The region I is followed by the region II ([SDS] = 44107 - 0.7
mM, 10-150 SDS/BSA), which is characterized by the plateau
in Trp fluorescence as a function of SDS concentration
accompanied by the blue shift of its maximum, indicating the
decrease of the polarity of Trp microenvironment and by the
slight increase of Tyr fluorescence (Fig. 5). In the region II
SDS molecules bind to the low affinity sites which became
available due to conformational changes in proteins structure on
the stage I, and binding of SDS molecules to BSA is driven
mainly by hydrophobic interactions.''**?

A strong quenching of Trp fluorescence accompanied by a
slight red shift of its maximum and a sharp increase of Tyr
fluorescence intensity take place in the region III ([SDS] = 0.7-
3 mM. SDS/BSA = 150 - 625) which corresponds to the
formation of micelles in the buffer solution used in the
experiment (see Fig. 5 and the scheme in Fig. 2). The binding
stage in the surfactant concentration region, corresponding to
critical micelle concentration, is characterized by a high level of
cooperativity.”’ For instance, a high level of binding
cooperativity in the region III for the albumin-SDS system was
demonstrated by Anand er al'' using the modified Stern-
Volmer plot, which provided the slope of the fluorescence
quenching curve on the double logarithmic scale n = 3.13.

This journal is © The Royal Society of Chemistry 2012
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Though this parameter is usually interpreted in literature as the
number of binding sites, shown™*® that this
interpretation is erroneous and the value n is only capable of
indicating the degree of binding cooperativity. The albumin-
SDS system perfectly illustrates this suggestion — independent
assessment of bound SDS molecules ngpg in the region III of
concentration provided ngpg close to 100'%° that greatly
exceeds the value obtained from the modified Stern-Volmer
plots (n = 3.13 obtained by Anand et al.''). Interestingly, the
value n = 3.13 is the highest one obtained from the modified
Stern-Volmer plots we found in literature®”.

As the result of SDS binding during the reported stage, micelle-
like aggregates of surfactant molecules are formed on proteins
backbone (see the scheme in Fig. 2, region III). The presence of
these aggregates led to the increase of Trp microenvironment
polarity that was manifested in a ca 3 nm red shift of
fluorescence maximum and to the removal of quenching of Tyr
fluorescence (Fig. 5). The latter could be the consequence of
global rearrangements of proteins structure, which could lead
both to the reduction of Tyr-Trp energy transfer’'® and the
removal of Tyr quenching by neighboring amino groups.

In the last region IV ([SDS] > 3 mM) protein backbone is
saturated with micelle-like aggregates and new SDS molecules
form free micelles in solution, consequently, binding of new
SDS molecules to BSA did not occur and no changes in
fluorescence properties of both Tyr and Trp fluorescence were
observed.

it was

2. Fourth derivative absorption spectroscopy

To obtain information about changes in the vicinity of amino
acids from absorption spectrum of a protein, the derivative
absorption spectroscopy was proposed by Fell*'. The 4"
derivative of absorption spectrum of a protein is a good
compromise between the improvement of the resolution of
peaks and the decrease of signal/noise ratio.***"% To
investigate Tyr environment, the following characteristics of
the 4™ derivative of absorption spectra of a protein are usually
used?3:44:59.

(i) the position of the peak A, , which corresponds to the 0-0
transition of the phenol ring of Tyr (Fig. 6),

(ii) the ratio R, which is determined as:

- I(/%z)_l(ﬂ%) _P
10)-102) "

54
= 624 (ﬂ’z)

are the values of calculated 4 derivative of absorption spectra
at A;; Ay, and A3 4 are wavelength of its local maxima and local
minima, shown in Fig. 6.

This journal is © The Royal Society of Chemistry 2012
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The ratio R strongly depends on the heterogeneity of Tyr
residue’s environment — the higher is R, the more uniform is the
environment of Tyr residues — and exhibits only a weak
dependence on the presence of the hydrogen bond formed by
OH-group of Tyr residue.***° On the contrary, the parameter A,
characterizes the mentioned hydrogen bond and is weakly
influenced by the heterogeneity of the environment of Tyr
residues.

15 Native A
—— Denatured
1.0 l\
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S 5 ,\ AA N
@
< 00
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_1.5 L) L L) L] L L
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Figure 6. The 4™ derivative of absorption spectra of BSA (4.8 uM) in its native
([SDS] = 0) and denatured ([SDS] = 32.86 mM) forms. The description of the
parameters Ay, A,, A3, Aq shown in the figure, is provided in the text.

As it can be seen in Fig. 7, at the first two stages of BSA-SDS
interaction (region I and II, [SDS] = 9+107 — 0.7 mM) polarity
of Tyr residue is almost constant upon SDS binding. This fact
suggests that there are no binding sites for SDS near Tyr
residues for this range of ligand concentrations. Within region
III both R and A, dramatically change, indicating perturbation
in the vicinity of Tyr residues due to SDS binding. The same
fact was observed by Ning er al.*’, and it was concluded that
the polarity of Tyr microenvironment increases and hydrogen
bond by OH-group of Tyr forms upon SDS binding within
region III due to formation of micelle-like aggregates on the
protein backbone. This observation is in agreement with global
structural rearrangements of albumins structure in the region 111
of SDS concentrations mentioned above.
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Figure 7. Parameters A, (black squares) and R (red circles) of the 4™ derivative
absorption spectra of BSA as a function of SDS concentration. BSA concentration
was 4.8 uM.

3. Time-resolved fluorescence measurements and the
determination of fluorescence lifetimes for Trp and Tyr

Fluorescence decay of Tyr and Trp fluorescence was measured
using a custom-built spectrofluorimeter. Trp fluorescence decay
at the wavelength Ar,, (ca 355 nm) corresponding to the
fluorescence maximum of the native protein was fitted by a
sum of two exponential decay functions. Biexponential nature
of Trp fluorescence decay in BSA is usually explained by the
presence  of tryptophan  residues in  different
environments.'*'*6*6! At the same time, fluorescence decay of
free tryptophan in aqueous solution is also biexponential due to
the presence of rotamers. !>

Fluorescence decay obtained at Ar,, was characterized by the
mean lifetime (Fig. 8, black squares) which exhibited the
dependence on SDS concentration similar to that for Trp
intensity (Fig. 5a, black squares). This fact suggested that the
quenching of Trp fluorescence was caused by additional non-
radiative relaxation pathways induced by SDS binding to
protein molecules and is in agreement with literature'’.

two
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Figure 8. a) Mean fluorescence lifetime for Trp obtained at registration
wavelength At (ca 355 nm) (black squares) and Ay, (ca 318 nm) (red circles) as a
function of SDS concentration, Ae, = 280 nm. b) Fluorescence lifetime for Tyr
obtained at the registration wavelength A, (ca 318 nm) as a function of SDS
concentration, Aex = 280 nm. The concentration of BSA was 3.5 pM.

BSA fluorescence decay at Ar, (spectral maxima of Tyr
fluorescence for steady-state experiments, ca 310 nm) was

6 | J. Name., 2012, 00, 1-3

fitted by a sum of three exponential decays. Two longer
lifetimes depended on SDS concentration similar to that for Trp
fluorescence lifetime obtained at Ar,,, thus we attributed these
two values to Trp fluorescence. Fig. 8a demonstrates the
comparison between the mean fluorescence lifetimes of Trp
obtained from decay different registration
wavelengths (Ary, and Ary,) as a function of SDS concentration.
A slight overestimation of the mean fluorescence lifetime for
shorter registration wavelength was probably caused by the
presence of long decay component due to smaller signal/noise
ratio (i.e., lower sensitivity of the detector and lower signal
from Trp at Ary,).

The shortest lifetime component obtained at Ary, as a function
of SDS concentration was very different from the others,
corresponding to Trp (Fig. 8b). Based on this difference
between the fluorescence lifetimes obtained at Ary, we
concluded that the shortest lifetime corresponded to Tyr
fluorescence decay. This allowed separate detection of the
lifetime components of fluorescence decay of BSA for Trp and
Tyr despite their spectral overlap. Abou-Zied and Al-Shihi®
studied HSA unfolding in the presence of guanidine
hydrochloride (GdnHCIl), and showed the appearance of Tyr
peak at 280 nm excitation upon protein’s denaturation. This fact
was interpreted as the consequence of the reduction Tyr-263 to
Tyr-214 energy transfer efficiency caused by HSA unfolding.
However, Abou-Zied and Al-Shihi® indicated that the separate
determination of Tyr and Trp fluorescence lifetimes is very
difficult due to their proximity and dynamic processes
occurring during the excited state lifetime. In our experiments,
the behavior of fluorescence decay at two wavelengths, one of
which corresponds to the maximum of Trp emission in the
native protein (355 nm) and the other close to tyrosine emission
maximum in BSA (318 nm) was investigated. No increase in
fluorescence lifetimes observed at the registration
wavelengths where Tyr emission was negligible and the
emission was solely due to Trp residues (A > 300 nm). This fact
led us to the conclusion that the shortest fluorescence decay
component at Ary,, which exhibited an increase upon SDS
addition consistent with the increase in Tyr fluorescence
obtained from the steady-state experiments, belonged to Tyr.

In the region I of SDS concentrations the polarity of Tyr
constant, while the increase of
fluorescent intensity and lifetime was similar as a function of
SDS concentration. Moreover, literature data''**** suggest that
no changes in secondary structure of albumin occur during this
binding stage, and fluorescence variations are caused by subtle
alterations of tertiary structure. These alterations led to the
enhancement of Tyr fluorescence intensity (Fig. 5) and lifetime
(Fig. 8b) and did not influence e# the polarity of Tyr (Fig. 7).

curves at

was

microenvironment was

4. The mechanisms of Tyr fluorescence enhancement upon the
unfolding of BSA

Tyrosine fluorescence in proteins is a common topic in proteins
spectroscopy. It was shown® that in tryptophan-containing
protein Tyr fluorescence is not observed, that led to the

This journal is © The Royal Society of Chemistry 2012
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suggestion about the effective Tyr-Trp energy transfer. The
Foerster radius for the Tyr-Trp pair is ~ 10-18 A, that is
comparable to typical distances between these residues in
proteins.®® At the same time, fluorescence quantum yield of Tyr
in proteins containing no tryptophan residues is also very low
compared to aqueous solution, suggesting that Tyr fluorescence
is quenched by the neighbouring amino acids, e.g., by nearby
charged amino or carboxylate groups®’-%%.

Tyr fluorescence usually increases upon protein denaturation
and transition to random coil, and the changes in its
fluorescence were suggested®” % to be due to alterations in
proteins tertiary structure. A number of works deal with the

32.35.37.3839.67-70  for instance, the method

Tyr-Trp energy transfer
for the estimation of the efficiency of excitation energy transfer
(EET) from Tyr to Trp based on the comparison of quantum
yield at 280 and 295 nm excitation, was proposed>’.
Interestingly, contradictory results were obtained for the Tyr-
Trp energy transfer efficiency in different works for some
proteins as described by Vekshin er al.”> These facts suggests
that the role of Tyr-Trp energy transfer in quenching of tyrosine
fluorescence in proteins might be overestimated.

Our results clearly show the increase of Tyr fluorescence upon
SDS binding and protein unfolding (including the stage where
the secondary supposed
corresponding to the region I of SDS concentrations). This is in

structure is to be unaltered,
agreement with the general concept presented in literature®®,
which suggests the increase of Tyr fluorescence in proteins
occurs upon its unfolding. It was also shown (Fig. 5a-b) that the
changes in Tyr fluorescence in albumin exhibits the multistaged
character, typical for the surfactant-protein interaction. Figure
5a demonstrates that the decrease in Trp fluorescence upon
SDS binding by BSA is similar at 280 and 295 nm excitation.
In case of strong Tyr-Trp EET this would not be the case — Trp
fluorescence at 280 nm excitation would exhibit a more rapid
decrease due to the reduction of an additional EET-related
excitation efficiency. The absence of such differences suggests
that Tyr-Trp EET is not the dominating process in Tyr
fluorescence quenching in albumin.

indicated the
increase of Tyr lifetime on the first binding stage (Fig. 8b), that

The results of time-resolved measurements

is consistent with the reduction of some quenching pathways
efficiency. However, on the stage III, corresponding to the
micelles formation SDS concentration region (see the scheme
in Fig. 2), the decrease of Tyr lifetime was observed, while the
steady-state intensity showed an increase (Fig. 5b). We also
note that dramatic changes in Tyr microenvironment were
observed on this stage as revealed by the 4™ derivative
absorption spectroscopy (Fig. 6). Hence, the inconsistency
between the opposite trends in Tyr fluorescence intensity and
fluorescence lifetime changes on the third binding stage could
possibly be explained by the changes in Tyr absorption
spectrum. The 4™ derivative of absorption spectra showed a
blue shift in the area, corresponding to Tyr absorption, on the
third stage of SDS binding (Fig. 6), suggesting the increase of
Tyr /absorption cross-section at 280 nm. Interactions between
amino acid residues in protein may result in the hypochromic

This journal is © The Royal Society of Chemistry 2012
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effect (the reduction of absorption coefficient) and spectral
shift.”%’! The degree of these interactions, and, consequently,
the changes in absorption spectrum, could be expected to vary
depending on the protein structural rearrangement, that are
mostly pronounced on the third binding stage.

5. Application of Tyr fluorescence to albumin-ligand complex
and related conformational changes

We demonstrated that the binding of SDS to BSA and HSA
results in similar changes Tyr fluorescence, suggesting that
surfactant binding is identical for the investigated proteins. It
was also confirmed that Trp fluorescence of the investigated
proteins changes in different manner upon SDS binding. The
difference in steady-state fluorescence of Trp in BSA and HSA
as a function of SDS concentration seems to be caused by
changes in the vicinity of the additional Trp in BSA (Trp134),
i.e. high affinity SDS binding sites exist in the domain I of
BSA. Hence, the comparative study of ligand binding to BSA
and HSA using fluorescence of both Tyr and Trp could possibly
allow one to obtain information about ligand binding to the
domain I of HSA without external labels.

The proposed method of using Tyr fluorescence as the indicator
of ligand binding to the domain I can be applied for (i) divalent

7277 which are considered to bind to the domain I,

metal ions
(i1) porphyrin-related molecules (PPIX, heme, phtalocyanines
etc.)*™ In the latter case, the intrinsic fluorescence of the
protein (Tyr and Trp contributions) can be considered as a
complementary source of information about ligand binding to
optical characteristics of ligands themselves (structured
absorption and fluorescence spectra). The X-ray data (pdb ID:
1n5u”®) indicated that the heme binding site consists of two
stacked Tyr residues (Tyr138 and Tyr161, see Fig. 1d). Recent
QM/MM modelling of the absorption spectrum of HSA?
demonstrated the essential role of electronic coupling in two
pairs of stacked Tyr residues, one of which coincides with the
Tyr138-Tyr161 couple. This suggests that the binding of a
ligand into this site could interfere the interaction between the
stacked tyrosine residues, resulting in the changes of both
absorption and fluorescence spectra of albumin.

Based on these examples, we propose that a variety of
intermolecular interactions, including small ligands binding,
could influence photophysical processes involving tyrosine
residues in albumin, resulting in changes of Tyr fluorescence.
From this perspective, the approach applied in this work seems

to be a promising tool for conformational changes probing.

Experimental

1. Materials

Bovine serum albumin (BSA, fatty acid free, Sigma-Aldrich,
USA), human serum albumin (HSA, fatty acid free, Sigma-
Aldrich, USA), sodium dodecyl sulfate (SDS, Sigma-Aldrich,
USA), (Tris, Dia-M,
Russia) were used as obtained without further purification. All

Tris-(hydroxymethyl)-aminomethane

J. Name., 2012, 00, 1-3 | 7
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solutions were prepared using bidistilled water. Tris-HCI buffer
(0.1 M) was used to maintain pH at 7.40 + 0.05. All
measurements were performed at room temperature (25 + 1 °C)
without temperature stabilization.

Protein concentrations were determined spectrophotometrically
using known extinction coefficients at 280 nm (4.4+10* M™' ecm
"and 3.510° M' cm” for BSA and HSA, respectively)'.
Sequential dilution of the protein-surfactant solution with the
solution of protein of the same concentration was used to obtain
the SDS
concentration. each

dependence of fluorescence
The
experiment are presented in the text.

parameters  on

concentrations of protein for

2. Determination of critical micelle formation concentration
(CMQO) for Tris-buffer

Pyrene fluorescence (the ratio of the intensities of the first peak
(373 nm) in fluorescence spectrum to the third one (384 nm))
was used to determine the critical micelle concentration (CMC)
of SDS in Tris-HCI buffer (0.7 mM, see ESI).*

3. UV absorption

Absorption spectra were measured using Lambda 25
in the 250 - 500 nm

wavelength region. The bandwidth of both slits was set to 1 nm,

spectrophotometer (Perkin-Elmer)

the increment was 1 nm, the scanning rate was 960 nm/min.

4. Steady-state fluorescence

Fluorescence spectra were measured with Fluoromax-4 (Horiba
Jobin Yvon). Two excitation wavelengths A, were used to
excite proteins intrinsic fluorescence: 280 nm (both Tyr and
Trp were excited) and 295 nm (only Trp was excited).
Fluorescence emission was measured in the 300 - 500 nm
wavelength region, the bandwidths of both slits were set to 2
nm.

The position of the spectral maximum for Trp fluorescence
(kexc
smoothing procedure based on Savitzky-Golay algorithm®®

295 nm) Ay, was determined after the spectra

using a filter window of 21 points and the polynomial degree of
four. The smoothing procedure increased the accuracy of
determination of A .
Each fluorescence

spectrum was the average of three

measurements.

5. Tyrosine (Tyr) fluorescence

Deconvolution of the spectra obtained at A= 280 nm was
performed to obtain Tyr emission spectra. For this purpose,
normalized Trp fluorescence spectra obtained at A..= 295 nm
were subtracted from the fluorescence spectra obtained A=
280 nm which represented the sum of Tyr and Trp emission. It
was assumed that the band shape of Trp fluorescence did not
depend on the excitation wavelength®’. The detailed procedure
of Tyr fluorescence evaluation can be found elsewhere®'738,
The Raman emission of water was negligible compared to both

Trp and Tyr fluorescence (ESI, Fig. S1), hence, it was not taken

8 | J. Name., 2012, 00, 1-3

into account when performing the deconvolution procedure. We
note that the error of the deconvolution procedure didn’t exceed
1.1% of maximum of Tyr emission.

6. Fourth derivative UV-absorption spectra

Fourth-derivative absorption spectra were calculated using the

40585981 with the filter window as

Savitzky-Golay algorithm
small as possible (9 points). The calculated 4" derivative
spectra were interpolated using cubic spline to improve the

resolution of peaks to 0.05.%

7. Time-resolved fluorescence

Fluorescence lifetime measurements were performed using the
The setup
photomultiplier system with a Hamamatsu R5900 16-channel
multi-anode photomultiplier (PML-16, Becker&Hickl, Berlin,
Germany).

custom-built  fluorimeter. consisted of a

The polychromator was equipped with 600
grooves/mm grating resulting in a spectral bandwidth of the
PML-16 of 200 nm (resolution of 12.5 nm/channel). Excitation
was performed with a pulsed 280 nm light-emitting diode
(Edinburgh Instruments, UK) delivering 700 ps FWHM,
average power 0.8 uW pulses at a repetition rate of 10 MHz.
Data acquisition for all time-resolved measurements of protein
solutions was performed during 30 s to obtain the optimum
signal for the deconvolution procedure.

Fluorescence decay curves for Trp fluorescence were obtained
using the channel corresponding to the wavelength Ay, (ca 355
nm) which is the closest to the fluorescence emission maximum
of the native protein. It was assumed that the possible
contribution of the Tyr fluorescence at this wavelength was
negligible. The minimum value of residual for the fluorescence
decay of Trp was achieved by approximation using a sum of
two exponential decay functions. Fluorescence decay at the
channel corresponding to the wavelength Ary, (ca 318 nm) was
analyzed as well, since this wavelength was close to the
maximum of fluorescence of Tyr (ca 308 nm) and had an
appropriate value of the signal/noise ratio (the sensitivity of the
detector at lower wavelengths was insufficient). The minimum
value of residual at this channel was achieved by using a sum of
three exponentials.

The average fluorescence lifetime for Trp residues at each
wavelength was calculated according to the expression:

<r> = Zj:rl_a[

(2)

where t; and a; are the lifetime and the amplitude (normalized
to unity) of the i™ fluorescence decay component attributed to
Trp, respectively.

Representative fluorescence decay curves for BSA and its
approximation; statistical data (y), fluorescence lifetimes and
its relative amplitudes for fitting of decays are presented in the
ESI.

This journal is © The Royal Society of Chemistry 2012
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Conclusions

Here, sequential changes in Tyr photophysical properties of
albumins upon surfactant binding were investigated using the
4th derivative absorption spectroscopy, steady-state and time-
resolved fluorescence spectroscopy. In the latter case, an
approach allowing separate detection of Tyr and Trp
fluorescence lifetimes in albumin was suggested. The changes
in optical properties of Tyr revealed the four stage character of
SDS binding by albumin, which is consistent with the data
obtained from tryptophan fluorescence and literature data,
obtained by other physical methods. On the first binding stage
(1-10 SDS molecules per protein), when binding to the high-
affinity sites occurs and only subtle structural rearrangements
of albumin take place, a similar increase in steady-state
intensity and fluorescence lifetime of Tyr was obtained for both
BSA and HSA. Interestingly, on this binding stage no changes
in fluorescence of a single tryptophan residue buried in the
inner hydrophobic region of HSA were observed, suggesting
that fluorescence of tyrosine residues, which are uniformly
distributed all over the protein molecules, is a more sensitive
indicator of conformational changes in this case. Next, on the
third binding stage, corresponding to the SDS concentration
range where micelles formation takes place, simultaneous
increase in Tyr fluorescence intensity and decrease of its
fluorescence lifetimes were observed. This fact was interpreted
as the consequence of the changes in Tyr absorption caused by
hypochromic effects (i.e., blue shift of absorption band to the
changes in protein’s conformation), that is in agreement with an
abrupt change of Tyr microenvironment on this binding stage
as revealed by the 4th derivative absorption spectroscopy.
Finally, the similar change of tryptophan fluorescence intensity
upon SDS binding at 280 and 295 nm excitation suggested that
excitation energy transfer from tyrosine to tryptophan residues
is not the predominant mechanism of Tyr fluorescence
quenching in albumin. We consider that the obtained results
demonstrate the possibility of probing conformational changes
in proteins using tyrosine photophysical parameters as an
indicator, and the suggested approach can be successfully
applied to other protein-ligand systems, thus providing a

spectroscopic  tool in addition to classical tryptophan
fluorescence.
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