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Human serum albumin (HSA) plays important roles in
transport of fatty acids and binding a variety of drugs
and organic compounds in the circulatory system. This
protein experiences several conformational transitions
by the change of pH, and the resulting conformations
were essential for completing the physiological roles
in vivo. Steady-state and time-resolved fluorescence
spectroscopy was applied to single tryptophan residue
solely arranged in HSA to study subtle conformational
change around single tryptophan residue in HSA at
various pH. The results showed the characteristic fea-
ture of local conformation around tryptophan residue in
domain II responding to the change in entire structure.
The study of time-resolved area-normalized fluores-
cence emission spectra (TRANES) also showed the
peculiar dielectric property of water molecule trapped
nearby tryptophan residue depending on pH. These
results suggested that microenvironment around trypto-
phan residue was tightly packed at acidic and basic pH
although entire conformation was loosened.

Keyword: human serum albumin (HSA)/ANS
fluorescence/time-resolved area-normalized fluores-
cence emission spectra (TRANES)/time-resolved
fluorescence decay/time-resolved fluorescence
anisotropy.

Abbreviations: ANS, 1,8-anilinonaphthalene sulfonate;
HSA, human serum albumin; TRANES, time-resolve
area-normalized fluorescence emission spectra.

Human serum albumin (HSA) is the most abundant
human blood plasma protein, and binds and trans-
ports fatty acids, drugs and other organic compounds
in the circulatory system. The extraordinary ligand
binding properties of HSA was reviewed in previous
reports (1, 2). HSA is a single polypeptide chain con-
sisting of 585 amino acids and is composed of three
homologous domains I�III and each domain has two
sub-domains, a and b. The adjunction point of
sub-domain a and b of domain II occupies the central

position of whole structure of HSA. Interestingly, a
single tryptophan residue (W214) which is a valuable
intrinsic fluorescence probe and basic and acidic amino
acid residues are arranged at this region.

It has been reported that HSA adopted peculiar
conformations responding to the change of pH. In
neutral pH (�pH 7), HSA takes heart-shaped three-
dimensional structure (Fig. 1) (3). This conformation is
referred as a normal form (N form). First conforma-
tional transition is recognized at pH 4.3 and the con-
formation of HSA changes to F form when pH value is
decreased from neutral pH to acidic pH. F form of
HSA migrates faster than any other form on electro-
phoresis to suggest that HSA folds more compactly at
this state. By further lowering pH52.7, F conforma-
tion changes to E form. E form of HSA created in the
extremely low pH conditions exhibits similar charac-
teristics with one of folding/unfolding intermediate
state. It maintains the loosely packed tertiary structure
while the secondary structure is not so much changed.
On the other side of pH, a conformational transition
takes place at about pH 8.0 and the conformation of
HSA changes from N form to the basic form (B form).
These conformational transitions are summarized
below (4).

Conformation transitions E !F !N !B
pH Value 2:7 4:3 8:0

These conformational transitions are important factor
in physiological and protein engineering aspect
because HSA binds or releases a variety of substances
including drugs during transportation in the circula-
tory system in vivo through the conformational
change. This is why the multiple conformational
states and the structure of HSA�ligand complex have
been studied extensively (5�11).

Fluorescence spectroscopy is one of the most useful
tools to elucidate the local conformation, subtle inter-
action with surrounding environment, and flexibility
of segment and entire motion of protein. Above all,
time-resolved fluorescence spectroscopy has widely
used to the studies on important biological systems
such as protein�ligand interaction, folding/unfolding
mechanism of protein and channel formation
(12�16). In the present work, local conformation
state around W214 arranged at the domain II respond-
ing the pH change was investigated by the time-
resolved fluorescence spectroscopy.

The fluorescence decay kinetics of protein, even if
single tryptophan (Trp) containing protein is usually
described by multi-exponential function, and the
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photophysical relaxation mechanism and interaction
with the surrounding nearby Trp residue are explained
through some characteristics parameters such as decay
time and corresponding amplitude. Previous studies
showed that conformational heterogeneity and dielec-
tric relaxation process on the excited state were both
involved in the peculiar fluorescence decay property
of Trp in protein (17�22). We recently studied the
fluorescence decay property of indole compounds in
glycerol (23) and confirmed that the analysis of
time-resolved area-normalized fluorescence emission
spectra (TRANES) is useful to assign and analyze
those two kinds of kinetics from the fluorescence
decay. The analytical method and application of
TRANES were precisely explained by Chorvat and
Chorvatova (24), Shaw and Pal (25), Koti et al.
(26,27) and Ira et al. (28). In brief, TRANES is con-
sistent with time-resolved peak-normalized emission
spectra when dielectric relaxation of one emitting
species of the chromophore is involved in the fluores-
cence decay, and the spectral shift rate represents
the rate of energy relaxation. On the other hand,
TRANES shows isoemissive point in their spectra
when more than two emitting species are involved in
the fluorescence decay kinetics. These characteristics
of TRANES display great advantage to extract and
analyze the peculiar fluorescence decay property of
Trp in protein.

In this study, we have studied the local structural
properties near Trp residue experienced in the multiple
conformational states of HSA by steady-state, time-
resolved and depolarization measurement of Trp
fluorescence.

Materials and methods

Materials
HSA which is essentially fatty acid and globulin free was purchased
from Sigma-Aldrich (St. Louis, MO). Other chemicals including
1-anilino-8-naphthalenesulfonate (ANS) were of highest grade and
used without further purification. HSA was dissolved in various
buffers (N form, 20mM sodium phosphate buffer, pH 7.0;
F form, 20mM sodium acetate buffer, pH 4.1; E form, 20mM
glycine�HCl buffer, pH 2.0; B form, 20mM glycine�NaOH

buffer, pH 9.0). These protein solutions were incubated at 20�C at
6 h. In these conditions, any change of experimental parameters
was not recognized after the incubation. The concentrations of
HSA were spectrophotometrically adjusted to 510 mM in the
buffer solution.

Steady-state fluorescence measurements
The steady-state fluorescence emission spectra were recorded on
Hitachi 850 fluorescence spectrophotometer (Tokyo, Japan). The
excitation wavelength was set to 295 nm in order to exclusively
excite Trp in HSA. The fluorescence emission spectra were strictly
corrected against detection and excitation systems. The undesired
stray light were also removed by subtraction.

In ANS-binding experiment, ANS was dissolved in water
(�0.3mM) and small aliquots of the ANS solution were added to
the HSA solution in a various buffer at desired pH. These protein
solutions were incubated at 20�C at 30min to attain the equilibrium.
Excitation wavelength was set to 350 nm.

Time-resolved fluorescence intensity and anisotropy
measurements
Time-resolved fluorescence intensity and anisotropy measure-
ments were performed on apparatus with the subpicosecond laser
based time-correlated single photon counting method (TCSPC) as
described in ref. (12�14). An excitation pulse was generated from a
combination of subpicosecond Ti:Sapphire laser (Tsunami, Spectra-
Physics, MountainView, CA), pulse picker with second harmonic
generator (model 3980, Spectra-Physics), and third harmonic gener-
ator (GWU, Spectra-Physics). The repetition rate was set at 800 kHz,
and the full width at half-maximum (FWHM) of excitation pulse
obtained was 100 fs. The stop pulse to drive the time to amplitude
converter (TAC, 457, Ortec, Oak Ridge, TN) was obtained by a high
speed avalanche photodiode (APD, C5658, Hamamatsu Photonics,
Shizuoka, Japan). The fluorescence emission pulse worked as a start
pulse of TAC was detected and amplified by a multichannel plate
type photomultiplier (3809U-50, Hamamatsu Photonics) with high
speed amplifier (C5594, Hamamatsu Photonics) and fast timing
amplifier (FTA820, Ortec). The start and stop signals were fed
into TAC through a constant fraction discriminator (CFD, 935,
Ortec). The output signals of TAC were accumulated in 2048 chan-
nels in a multi-channel analyzer (Maestro-32, Ortec). The channel
width was 20.43 ps/ch. The FWHM of instrument response function
was 150 ps.

Fluorescence decay data analysis
The fluorescence decay kinetics were described with a linear combi-
nation of exponentials,

F�ð�,tÞ ¼
XN exp

i¼1

�ið�Þ exp �t=�ið�Þ
� �

, ð1Þ

Fig. 1 X-ray crystallographic structure of human serum albumin at neutral pH. Left panel: Overall structure. Right panel: The local structure
around W214. Dots sphere represents water molecule located near W214. These structures are reconstructed based on PDB, 1E78 by using
PyMOL software.
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where v is the emission wavenumber, Fv(v, t) is the spectrally- and
time-resolved fluorescence decay, ti(v) is the wavenumber-dependent
fluorescence decay time of ith component and ai(v) is the corre-
sponding pre-exponential factor. ai(v) and ti(v) were determined by
iterative convolution and non-linear curve fitting methods. Average
lifetime (tave) was expressed as follows:

�ave ¼

P
i

�i�
2
iP

i

�i�i
: ð2Þ

The adequacy of curve-fitting was judged by the residual plots, the
serial variance ratio (SVR) and the sigma value (29).

In time-resolved anisotropy measurements, a Gran�Taylor polar-
izer was set just behind the sample to measure the decays of vertical
[Ivv(t)] and horizontal [Ivh(t)] emission components against the ver-
tical excitation. These were related with the fluorescence decay, F(t)
and anisotropy decay, r(t) by the following Eqs. (3) and (4),

IvvðtÞ ¼
1

3
FðtÞ 1þ 2rðtÞ

� �
, ð3Þ

IvhðtÞ ¼
1

3
FðtÞ 1� rðtÞ

� �
: ð4Þ

The fluorescence anisotropy decay kinetics was given by Eq. (5),

rðtÞ ¼
X
i

�i expð�t=’iÞ, ð5Þ

where �i is the rotational correlation time of ith component and �i is
the corresponding amplitude. Their adequacies were confirmed by
SVR and sigma for the decay of parallel [Ivv(t)] and perpendicular
[Ivh(t)] components.

Time-resolved area-normalized fluorescence emission spectra
The time-resolved emission spectra were constructed using Eq. (1)
as follow:

Ið�,tÞ ¼ ��3F�ð�,tÞ: ð6Þ

It is denoted that pre-exponential factors in Eq. (1) were corrected by
multiplying FSS

v /�ai(v)ti(v), where FSS
v is steady-state fluorescence

intensity. As for the analysis of time-resolved emission spectra,
two spectra based on different normalization methods were
reported, that is, peak-normalized emission spectra and TRANES.
Previous study (23) showed that TRANES gives us more informa-
tion than peak-normalized one. The most useful feature in TRANES
is the appearance of isoemissive point (25, 26).When fluorescence
emitted from two independent species A* and B* and no dielectric
relaxation process occurs in experimental time window, isoemissive
point is found at vi (cm

�1),

krað�iÞ

krbð�iÞ
¼

kra
krb

, ð7Þ

kra ¼

Z 1
0

krað�Þd�,

krb ¼

Z 1
0

Z
krbð�Þd�, ð8Þ

where kra (vi) and krb (vi) are the radiative rates of A* and B* at vi,
respectively.

To construct TRANES from Eq. (6), we need to know the area
value of each spectrum. Therefore, fluorescence decay data covering
the entire spectral region is required, but getting those data is diffi-
cult because of its weakness of signal at around the edge of the
spectrum. In this study, we fitted each time-resolved fluorescence
spectrum with double Gaussian line shape equations expressed as
follows to estimate the area of the spectra,

Ið�;tÞ ¼
X2
i¼1

AiðtÞ

ð�=2Þ1=2wiðtÞ
e�2ðð���iðtÞÞ=wiÞ

2

; ð9Þ

where Ai(t) is the area, wi(t) is the FWHM and vi(t) is the center of
gravity of each spectrum of ith component.

Results

Steady-state fluorescence spectroscopy of W214 in
HSA at various pH
Figure 2 showed steady-state fluorescence spectra of
single tryptophan residue (W214) in HSA at various
pH. In N form (pH 7.0), the spectral peak wavelength
was 348 nm which suggested that W214 locates hydro-
philic environment and was exposed to solvent. In
crystallographic structure of HSA, it seems that
W214 locates at the bottom of crevice in domain IIA
and packed in the protein matrix. But a trapped water
was seen in Fig. 1 which would give polar environment
to W214 (3). The fluorescence spectrum of HSA shifted
to blue side (340 nm) by decreasing pH to 4.1. This
suggested that W214 is surrounded by less polar micro-
environment accompanying with the conformational
transition N!F. The fluorescence intensity was
slightly decreased by the transition indicating that the
distance between W214 and some quenching elements
would be shorter than that in N form. The peak wave-
length shifted further to blue side (336 nm) and the
fluorescence intensity was further decreased by the
F!E conformational transition. These results
demonstrated that the packing around W214 of E
form was more enhanced than that of F form.
Previous studies on the conformational changes of
HSA showed that the structure of HSA expands to
maximum extent in E form, and no interactions
occur between domains and also between subdomains
(4, 30). But fluorescence data in this study suggested
that microenvironment around W214 was packing
tightly at low pH. On the other hand, slightly blue
shift of the fluorescence spectrum was observed by
increasing pH from 7.0 to 9.0, but the range of the
shift was smaller than that of the transition N!F.

ANS binding to HAS
The fluorescence intensity of some dyes such as ANS
are very weak in polar environment (water) but

Fig. 2 Steady-state fluorescence spectra of W214 in HSA at various

pH (a, pH 2.0; b, pH 4.1; c, pH 7.0; d, pH 9.0). Excitation wavelength
was 295 nm.
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remarkably enhanced by binding with hydrophobic
sites in protein. Therefore, the fluorescence of ANS
has been widely used to study the accessibility of
ANS to hydrophobic sites (31). Figure 3 showed the
fluorescence spectrum of ANS in HSA solution at var-
ious pH. At neutral and basic pH, ANS was slightly
bound to HSA suggesting that the contact between
ANS and hydrophobic sites was restricted in N and
B forms. By lowering pH to 4.1, the fluorescence inten-
sity of ANS was increased, and the intensity was much
more increased by further lowering pH to 2.0. This
result indicated that hydrophobic sites in HSA were
exposed to solvent at low pH. Previous study using

CD and dynamic light scattering supported the idea
that the structure of HSA would loose at low pH
(30). In the ANS binding study, the change of fluores-
cence intensity originated from the conformational
transition N!B was not observed.

Time-resolved Fluorescence of W214 in HSA
at various pH
Fluorescence decay profiles of W214 in HSA at
various pH were shown in Fig. 4. Representative fitting
parameters giving the best fit were listed in Table 1.
The fluorescence decay of W214 in every pH condi-
tions could be best fitted by the sum of at least three
exponentials. The average lifetimes (tave) increased as
increasing emission wavelength, but different ampli-
tude is estimated dependent on pH. The measurement
of fluorescence decay was performed on various emis-
sion wavelengths (315�400 nm) but no negative ampli-
tude was recognized.

By using the fluorescence decay parameters,
TRANES were constructed in two different time
regions. Figures 5 and 6 showed TRANES of W214
in HSA at various pH conditions in 0.1�3.6 and
4.4�12 ns regions, respectively.

The shape of TRANES in 0.1�3.6 ns time regions
represented different spectral shift pattern dependent
on pH. At pH 2.0 and 9.0, isoemissive point was seen
in TRANES (Fig. 5A and D). The appearance of iso-
emissive point in TRANES suggested the involvement
of two different emission species on the fluorescence
decay in this time region. In the same pH conditions,
the other isoemissive point in TRANES appears in
Fig. 6A and D in 4.4�12 ns time region. These two
isoemissive points appeared in different time regions
suggested that three emission species of W214 which

Fig. 3 Fluorescence spectra of ANS in HSA solution at various pH

(a, pH 2.0; b, pH 4.1; c, pH 7.0; d, pH 9.0). Excitation wavelength
was 350 nm.

Fig. 4 Fluorescence decay profiles of W214 in HSA at various pH (A, pH 2.0; B, pH 4.1; C, pH 7.0; D, pH 9.0). Excitation wavelength
was set to 295 nm. The decay profiles at each pH were calculated by using fluorescence decay parameters giving the best fit to the
observed decay data.
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have inherent fluorescence lifetimes and energy differ-
ences between excited- and ground-state exist in HSA.
It is also suggested that the dielectric relaxation
process against excited state dipole moment of W214

in HSA would be surpressed at pH 2.0 and 9.0 in two
time regions. Therefore, fluorescence decay properties
of W214 in HSA at these pH are explained by rotamer/
conformer model. Each decay component and their

Table 1. Fluorescence decay parameters of W214 in HSA at various pH values.

pH � (nm) �1 �2 �3 �1 (ns) �2 (ns) �3 (ns) Sigma SVR �ave (ns)

2.0 320 0.39 0.37 0.24 5.27 1.96 0.47 1.02 1.84 4.26
340 0.49 0.32 0.19 5.29 1.96 0.41 1.06 1.99 4.54
360 0.53 0.32 0.16 5.54 2.03 0.35 1.02 1.97 4.84
380 0.47 0.41 0.13 5.88 2.33 0.39 1.02 1.94 4.90
400 0.59 0.28 0.12 5.71 1.96 0.39 0.99 1.93 5.13

4.1 320 0.48 0.27 0.26 5.64 1.96 0.37 0.97 1.82 4.91
340 0.58 0.28 0.14 6.15 2.45 0.39 1.06 1.98 5.49
360 0.67 0.26 0.07 6.42 2.66 0.42 1.03 1.95 5.87
380 0.63 0.28 0.09 6.83 3.17 0.26 1.13 2.04 6.18
400 0.61 0.35 0.04 7.25 3.60 0.62 1.06 2.01 6.41

7.0 320 0.50 0.19 0.31 6.58 2.16 0.35 0.98 1.82 6.00
340 0.70 0.17 0.14 6.79 2.45 0.31 1.03 1.89 6.39
360 0.68 0.27 0.04 7.52 3.67 0.36 1.04 1.82 6.78
380 0.40 0.60 � 9.11 5.15 � 1.08 1.81 6.70
400 0.80 0.20 � 7.57 3.63 � 1.04 1.88 6.93

9.0 320 0.48 0.24 0.28 6.00 1.75 0.32 1.03 1.94 5.31
340 0.63 0.20 0.17 6.29 2.02 0.30 1.00 1.98 5.82
360 0.67 0.22 0.11 6.70 2.84 0.32 1.02 1.99 6.18
380 0.64 0.28 0.08 7.07 3.41 0.31 1.06 2.05 6.42
400 0.80 0.16 0.05 6.67 2.36 0.40 1.06 1.97 6.37

Excitation wavelength, 295 nm. The fluorescence lifetimes (�i) and corresponding amplitudes (�i) were calculated by fitting experimental
fluorescence decay data by Eq. (1). Average lifetime (�ave) was calculated by Eq. (2).

Fig. 5 Time-resolved area-normalized fluorescence spectra of HSA at various pH (A, pH 2.0; B, pH 4.1; C, pH 7.0; D, pH 9.0) in 0.1�3.6 ns
time region. The data at each pH were fitted by double-Gaussian equation to estimate the area of each spectrum shown in solid lines.
Thin arrows and values in A and D, represent the isoemissive points and corresponding wavenumbers, respectively, and thick arrows in
all figures represent the time evolution of spectral shift.
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amplitudes shown in Table 1 reflected the fluorescence
lifetime of each rotamer/conformer and these contri-
butions against total fluorescence, respectively.

On the contrary, isoemissive point was not found in
TRANES of 0.1�3.6 ns time region at pH 4.1 and 7.0
(Fig. 5B and C) though spectral shapes of TRANES in
these conditions were resemble to that at pH 9.0. If the
dielectric relaxation process dominates fluorescence
property, the spectral shape of TRANES must be the
same as peak-normalized time-resolved fluorescence
emission spectra. Therefore, the present result sug-
gested that both dielectric relaxation and conforma-
tional heterogeneity were simultaneously involved in
the fluorescence property of W214 in HSA at these
pH in this time region. It was generally confirmed
that the appearance of negative pre-exponential
factor in the fitting parameter at red side of emission
wavelength represent the existence of energy relaxation
process on the excited state. In this study, no such
pre-exponential factor was shown in the fluorescence
decay of HSA. It would be because that the negative
amplitude attributed to the excited-state kinetics is
counteracted by the fluorescence decay component
which has the same lifetime as energy relaxation
time. The previous study was also mentioned in this
regard (22). Therefore, the lack of a fluorescence decay
component having negative pre-exponential is not
evidence for the absence of excited-state kinetics.

In TRANES of 4.4�12 ns time region, clear
isoemissive point was found at pH 4.1 and 7.0
(Fig. 6B and C). From the data of TRANES in

different time regions, it is concluded that there are
three emitting species existed and involved in the fluo-
rescence property of W214, and dielectric relaxation
process which is completed within 4 ns occur in these
conditions.

Fluorescence anisotropy decay of W214 in HSA
at various pH
The study of fluorescence anisotropy decay of trypto-
phan residue can give us information about segmental
flexibility and overall motion of the protein. Figure 7
showed the fluorescence anisotropy decay profiles of
W214 in HSA at various pH. These data could be
fitted by a sum of two exponentials. The fitting param-
eters giving best fit were shown in Table 2. The shorter
rotational correlation time (�1) was in the order of
subnanosecond in all cases which reflected the segmen-
tal motion of peptide element including W214 in HSA.
On the other hand, the longer rotational correlation
time (�2) reached to several tens of nanoseconds.
This correlation time corresponds to the overall rota-
tion of HSA.

Experimentally decided parameters by fitting aniso-
tropy decay curves with Eq. (5) can be rearranged to
Eq. (10) using the rotational freedom, the rotational
correlation times for the tryptophyl segment and the
entire motion of HSA,

rðtÞ ¼ r0 f expð�t=’fÞ þ ð1� fÞ
� �

expð�t=’pÞ: ð10Þ

The rotational correlation time of peptide element
including tryptophan residue (�f), the entire rotational

Fig. 6 Time-resolved area-normalized fluorescence spectra of HSA at various. pH (A, pH 2.0; B, pH 4.1; C, pH 7.0; D, pH 9.0) in 4.4�12 ns
time region. The data at each pH were fitted by double-Gaussian equation to estimate the area of each spectrum shown in solid lines. Thin arrows
and values represent the isoemissive points and corresponding wavenumbers, respectively.
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correlation time (�p) and the rotational freedom (f) are
related with the experimentally decided �1, �2, �1 and
�2 as follow:

1

’f
þ

1

’p
¼

1

’1
; �p ¼ �2; f ¼

�1
�1 þ �2

: ð11Þ

and r0 is the anisotropy value at t¼ 0. The experi-
mentally decided rotational correlation times (�p)
at pH 7.0 shown in Table 2 were almost coincident
with the values calculated by Eq. (12) assuming the
specific volume of the protein (v), hydration (h) and
the viscosity (g) as 0.75 (ml/g), 0.4 and 1.00 (cP),
respectively.

’p ¼
	M

RT
ð�þ hÞ; ð12Þ

where M is the molecular weight of the protein. By
using the rotational freedom, the semi-cone angle (
)

for segmental motion was calculated based on the fol-
lowing euqation:

ð1� fÞ1=2 ¼
1

2
cos 
ðcos 
 þ 1Þ: ð13Þ

The calculated semi-cone angels were also shown in
Table 2.

On the conformational transition N!F, the corre-
lation time for the segmental motion was increased
and the motional freedom of W214 was decreased
though overall motion was not so changed. It was
suggested that the interaction of W214 with microen-
vironment surrounding W214 was enhanced by the
transition without changing the overall spherical struc-
ture. The interaction was more strengthened on F!E
transition where the rotational correlation time of
peptide element including tryptophan residue was
further increased and the segmental motion was

Fig. 7 Fluorescence anisotropy decay of W214 in HSA at various pH (A, pH. 2.0; B, pH 4.0; C, pH 7.0; D, pH 9.0). Excitation wavelength,
295 nm; emission. wavelength, 360 nm.

Table 2. Fluorescence depolarization parameters of HSA.

pH �1 �2 �1 (ns) �2 (ns) sigma SVR (VV) SVR (VH) f 


2.0 0.05 0.21 0.18 22.70 1.15 1.54 1.69 0.19 21.28
4.1 0.06 0.22 0.13 33.10 1.02 1.82 1.95 0.22 23.08
7.0 0.09 0.26 0.08 34.90 1.03 1.81 1.85 0.26 25.35
9.0 0.04 0.22 0.27 31.60 1.09 1.63 1.80 0.16 19.39

Excitation wavelength, 295 nm. Emission wavelength, 350 nm. The rotational correlation time (�i) and corresponding amplitudes (�i) were
calculated by fitting experimental fluorescence anisotropy decay data by Eq. (5). The rotational freedom (f) and the semi-cone angle for
segmental motion (
) were calculated by Eqs. (11) and (13), respectively.
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more restricted. These results were coincident with the
structural property obtained by the steady-state fluo-
rescence study of W214. The conformation surround-
ing W214 was packed more tightly by decreasing pH.
The entire correlation time was decreased by the
F!E transition. At first glance, this result would be
inconsistent with the previous study that the structure
of HSA expands to maximum extent (4, 30). This dis-
crepancy would be due to the fact that the structure of
HSA was no more spherical at pH 2.0 and the longer
correlation time (�2) would indicate the rotation along
different rotational axis from that obtained at the
other pH.

The similar change of microenvironment around
W214 was induced on the conformational transition
from neutral form (pH 7.0) to basic form (pH 9.0).
In the B conformation, the shorter rotational correla-
tion time was estimated to be 270 ps and corresponding
rotational freedom was more suppressed suggesting
more compact conformation formed around W214
than N form.

Discussions

In the present study, steady-state and time-resolved
fluorescence study of tryptophan residue (W214) and
steady-state ANS fluorescence study were attempted to
characterize the multiple conformational states of
HSA at various pH. The overall conformational
changes of HSA were deduced from the data of ANS
fluorescence and the rotational correlation time in
time-resolved anisotropy decay, and the local confor-
mations around W214 were described by steady-state
spectrum, intensity and anisotropy decay analysis of
tryptophan fluorescence. The results in this study
showed the different characteristics between entire
conformation and local one around W214 in domain
II. Time-resolved fluorescence decay data showed that
there are three rotamer/conformer of W214 in HSA
and the lifetime of each component was similar in all
conformations indicating the drastic conformational
change would not occur around W214 throughout
the investigated pH. In such case, it is interesting to
discuss the fluorescence data measured in this study
based on the crystallographic structure of HSA.

On the N!F conformational transition, fluores-
cence intensity of ANS was increased indicating the
packing of hydrophobic site of HSA was loosened.
On the other hand, the correlation time for the seg-
mental motion and the motional freedom of W214
were prolonged and decreased by the transition sug-
gesting peptide element around W214 was packed
more compactly. By further decreasing pH to 2.0,
ANS fluorescence intensity was enhanced more than
three times than that in N form. Shaw et al. (30) sug-
gested the structure of HSA loosens and expands to
maximum extent at this pH which is consistent with
the data of ANS-binding experiment. However, the
interesting structural property was recognized in the
local conformation around W214. The data of
steady-state fluorescence, time-resolved fluorescence
anisotropy decay showed that W214 was packed
tightly in protein matrix and the interaction of W214

with surrounding molecule became strengthened at this
conformation.

In TRANES analysis, the involvement of dielectric
relaxation process in the fluorescence decay was
detected at pH 7.0 and 4.1. In protein matrix, it is
thought that trapped water drive the dipole-dipole
interaction with Trp. Actually, the trapped water mol-
ecule can be found near W214 in the crystallographic
structure of neutral form of HSA (Fig. 1). Therefore,
dielectric relaxation processes found at these pHs dem-
onstrates that the reorientation of trapped water mol-
ecule would be allowed near W214. There are two
amino acid residues arranged near W214 in domain
II of HSA. These two amino acids, K199 and R218
would give the determinant effect on the local confor-
mation near W214 through their amino and guanidi-
nium groups. As shown in Fig. 1, R218 locates near
trapped water molecule, but the amino group in R218
orients toward amide group of Q221 at neutral and
basic pH. That is why the water molecule can move
and reorient, and dipole�dipole relaxation would
occur in these conformations at pH 7.0 and 4.1. It
was found that the motion of trapped water was sup-
pressed at pH 2.0 and 9.0 from the results in TRANES.
Human methemalbumin maintain almost same crystal-
lographic structure to HSA and shows the similar flu-
orescence spectrum with HSA at pH 2.0. Therefore,
the local structure around its Trp residue of methemal-
bumin would be interesting. No water molecule is
found around Trp residue in methemalbumin (32).
If water molecule is not arranged near W214 of HSA
at pH 2.0 similarly with methemalbumin, the results
obtained at pH 2.0 could be rationalized well, because,
then, the polarity in the environment surrounding
W214 would be lower and the tight hydrophobic inter-
action between the peptide elements would inhibit the
rotational motion of W214. Now, the detailed crystal-
lographic structure of HSA at extreme acid condition
is not available as far as we know. Therefore, definitive
discussion would be impossible. The peculiar proper-
ties in energy and motional relaxation of W214 observe
at pH 2.0 might be rationalized by the interaction of
the participated water molecule with the protonated
K199 and R218. Their protonated amino and guanidi-
nium group would be able to suppress the orientation
of the water molecule to prohibit the dielectric relax-
ation through the hydrogen bond with the water
molecule.

K199 and R218 may associate with the fluorescence
behavior of HSA observed at pH 9.0. But in this pH
condition, the peak wavelength in the fluorescence
spectrum was longer than that at pH 2.0. It was sug-
gested that W214 in HSA at pH 9.0 had different
hydration properties from that at pH 2.0. The pKa

of side chain of lysine and arginine in water is larger
than 9.0. However, pKa value is sensitive to surround-
ing environment such as polarity. In fact, Dwyer et al.
reported that lysine residue buried in a hydrophobic
pocket in the interior of staphylococcal nuclease
titrated with pKa values of 5.8 (33�36). The proto-
nated amino and guanidinium would give W214 a
specific hydration state that the dielectric relaxation
and the rotational motion of W214 occur.
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HSA adopts specific forms, E, F, N and B form
depending on pH conditions. The local conformation
around W214 was concomitantly changed responding
pH. The corresponding conformation revealed by the
dielectric relaxation and rotational dynamics would be
brought about the hydration and/or peculiar arrange-
ment of basic amino acids near W214.

Conclusions

In this study, steady-state and time-resolved fluores-
cence spectroscopy were applied to examine the multi-
ple conformation state of HSA at various pH. In
time-resolved fluorescence study, TRANES methods
were applied to the analysis of fluorescence decay
property of W214 in HSA. The data suggested that
the conformational transition of microenvironment
around W214 in domain II was different from that
of overall structure of HSA. Previous studies (4, 30)
and ANS experiment in this study showed the loosen-
ing of overall structure at low pH. Therefore, the con-
formation around W214 at low pH would contribute
to the stability of overall structure of HSA at low pH.
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22. Buzády, A., Erostyák, J., and Somogyi, B. (2000)
Phase-fluorimetry study on dielectric relaxation of
human serum albumin. Biophys. Chem. 88, 153�163

23. Otosu, T., Nishimoto, E., and Yamashita, S. (2009)
Fluorescence decay characteristics of indole compounds
revealed by time-resolved area-normalized emission spec-
troscopy. J. Phys. Chem. A 113, 2847�2853

24. Chorvat, D. Jr. and Chorvatova, A. (2006) Spectrally
resolved time-correlated single photon counting: a
novel approach for characterization of endogenous fluo-
rescence in isolated cardiac myocytes. Eur. Biophys. J.
36, 73�83

25. Shaw, A.K. and Pal, S.K. (2007) Fluorescence relaxation
dynamics of acridine orange in nanosized micellar sys-
tems and DNA. J. Phys. Chem. B 111, 4189�4199

26. Koti, A.S.R., Krishna, M.M.G., and Periasamy, N.
(2001) Time-resolved area-normalized emission spectros-
copy (TRANES): a novel method for confirming emis-
sion from two excited states. J. Phys. Chem. A 105,
1767�1771

Multiple conformational state of HSA

199

 at Islam
ic A

zad U
niversity on Septem

ber 28, 2012
http://jb.oxfordjournals.org/

D
ow

nloaded from
 

http://jb.oxfordjournals.org/


27. Koti, A.S.R. and Periasamy, N. (2001) Application of
time resolved area normalized emission spectroscopy to
multicomponent systems. J. Chem. Phys. 115, 7094�7099

28. Ira, Koti, A.S.R., Krishnamoorthy, G., and
Periasamy, N. (2003) TRANES spectra of fluorescence
probes in lipid bilayers membranes: an assessment of
population heterogeneity and dynamics. J. Fluores. 13,
95�103

29. McKinnon, A.E., Szabo, A.G., and Miller, D.R. (1977)
The deconvolution of photoluminescence data. J. Phys.
Chem. 81, 1564�1570

30. Shaw, A.K. and Pal, S.K. (2008) Resonance energy
transfer and ligand binding studies on pH-induced
folded states of human serum albumin. J. Photochem.
Photobiol. B 90, 187�197

31. Lakowicz, J.R. (1999) Principles of Fluorescence
Spectroscopy., Kluwer/Academic Plenum, New York

32. Wardell, M., Wang, Z., Ho, J.X., Robert, J., Ruker, F.,
Ruble, J., and Carter, D.C. (2002) The atomic structure
of human methemalbumin at 1.9 Å. Biochem. Biophys.
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