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The binding interaction between tetra-(p-sulfoazophenyl-4-aminosulfonyl)-substituted aluminum
(III) phthalocyanine (AlPc), and two-serum albumins (bovine serum albumin (BSA) and human
serum albumin (HSA)) has been investigated. AlPc could quench the intrinsic °uorescence of
BSA and HSA through a static quenching process. The primary and secondary binding sites of
AlPc on BSA were domain I and III of BSA. The primary binding site of AlPc on HSA was
domain I, and the secondary binding sites of AlPc on HSA were found at domains I and II. Our
results suggest that AlPc readily interact with BSA and HSA implying that the amphiphilic
substituents AlPc may contribute to their transportation in the blood.
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1. Introduction

Photodynamic therapy (PDT) is a noninvasive
treatment modality for several diseases, such as

solid cancers,1 port wine stains,2 wet age-related

macular degeneration (AMD)3 and so on. PDT

treatment evolved utilizing an appropriate light
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wavelength to excite the injected photosensitizers
which accumulated in tumor issue and then gen-
erates singlet oxygen or/and other reactive oxygen
species (ROS).4,5 Photosensitizers, light, and oxy-
gen are three basic components. Although many
photosensitizers have been reported for their po-
tential of application in PDT, such as photofrin,
hematoporphyrin derivatives, 5-aminolevulinic acid
(ALA) and silicon phthalocyanine (Pc4),6–8 so far
there are only a few photosensitizers under clinical
applications. It might be the results of hydrophobia
and poor photophysical and physicochemical prop-
erties of these photosensitizers. Therefore, new
photosensitizers with better hydrophilia property
and excellent photophysical and physicochemical
properties are in great demand.

Phthalocyanines (Pcs), a class of aromatic mac-
rocycles, are regarded as the most promising second
generation photosensitizer as because of their high
°uorescence quantum yield, long triplet lifetimes,
strong absorption at near infrared region, relatively
low dark toxicity, high singlet oxygen quantum
yield and readily chemical modi¯cation.5,9,10 Pcs
have been used in many ¯elds including the PDT
applications.9 In PDT applications, photosensitizers
are injected directly into the patients' blood vessel,
so it is important to investigate the interaction be-
tween the photosensitizers and blood proteins.
Serum albumin is the main constituents of plasma
protein which is responsible for the binding and

delivery of endogenous and exogenous substances
such as fatty acids, hormones, and drugs. Further-
more, the drug delivery to cells in vivo and in vitro
can be modulated according to the apparent solu-
bility of the hydrophobic drug in plasma, so it is
important to investigate the interaction between a
drug and serum albumin.

According to the previous report,11 bovine serum
albumin (BSA) and human serum albumin (HSA)
display approximately 76% sequence homology and
a similar folding. Their structures have been well-
documented (Fig. 1). But there are di®erences in
the number and location of tryptophan residues
between them. Tryptophan residue has intrinsic
°uorescence. BSA contains three homologous
domains (I, II, III) and two tryptophan residues
(Trp-134 and Trp-212). Trp-134 is on the surface
of the protein molecule (domain I), whereas Trp-
212 lies in the bottom of the hydrophobic pocket
in domain II. HSA contains three structurally
similar domains (I, II, III) and only one tryptophan
residue (Trp214), located within the hydrophobic
pocket in domain II. The °uorescence of tryptophan
residue is sensitive to the surrounding microenvi-
ronment, hence it has been a powerful tool to in-
vestigate small molecule- or nanoparticle-BSA/
HSA interactions.5,12–15

The solubility of Pcs plays an essential role in
their applications, so di®erent kinds of methods
have been used to modulate their solubility.

Fig. 1. Chemical structures of BSA (a), HSA (b) and AlPc (c). Tryptophan residues are in gray color.
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Therefore, many substituted Pcs have been syn-
thesized.16–19 We have synthesized a novel AlPc,12

and the PDT e±cacy of AlPc against the human
umbilical cord blood endothelial cell (HUVEC) has
been assessed in order to study its potential appli-
cation in treatment of choroidal neovascularization
(CNV).20 In this study, the interaction between
AlPc and BSA/HSA by °uorescence and UV-
visible spectroscopic method were further assessed
in aim to explore the potential application of AlPc
in PDT. The binding of AlPc to BSA and HSA was
further investigated by a competitive binding
approach.

2. Materials and Methods

2.1. Materials

BSA and HSA were purchased from Sigma-Aldrich
(St Louis, MO), and dissolved in PBS to prepare
a stock solution with concentration of 1:0�
10�3 mol/L. It was stored at 4�C in the dark. The
AlPc complex was synthesized and characterized by
our lab.12 The stock solution of AlPc complex was
prepared in distilled water at 1:0� 10�4 mol/L.
Hemin chloride (HE), Ibuprofen (IB) and L-tryp-
tophan (TRP) were purchased from Sigma-Aldrich
(St Louis, MO). Stock solutions of HE, IB and
TRP were prepared in distilled water at 1:0�
10�3 mol/L, 1:0� 10�3 mol/L and1:0� 10�1 mol/L,
respectively.

2.2. Equipment and spectral

measurements

The UV/Vis spectra of AlPc was studied on a
Varian Cary 50 UV-Vis Spectrophotometer (Var-
ian, USA).5 The concentration of AlPc complex was
1:0� 10�5 mol/L.

The °uorescence spectra of AlPc and HSA (BSA)
conjugates was recorded on an Edinburgh FL-
FS920 TCSPC °uorescence spectrophotometer.5

The concentration of BSA and HSA was
1:0� 10�5 mol/L, while the concentration of AlPc
complex ranged from 0 to 1:2� 10�5 mol/L.

2.3. Binding sites investigation

In order to investigate the binding sites of AlPc
on the serum albumins, the UV-visible absorp-
tion spectroscopy of AlPc and serum albumins

conjugates were studied by titration method by
three speci¯c probes. The three speci¯c probes are
HE, IB and TRP, which are the special probes for
sites I, II and III of the serum albumins' domains,
respectively. The molecular ratios of AlPc to HE, IB
and TRP were found to be 1/20, 1/20 and 1/1000,
respectively. The absorption spectra were measured
with a Varian Cary 50 UV-Vis Spectrophotometer
(Varian, USA). Background was corrected by sub-
tracting absorption of water and PBS for AlPc
complex and serum albumins. The studies were
performed at room temperature.

3. Results and Discussion

3.1. Aggregation studies

Pcs have strong tendency to form aggregates in
aqueous solution. This aggregation behavior is not
preferred for their application in PDT, for it may
reduce the excited-state lifetime mainly through
internal conversion.21 Since UV-Vis absorption
spectroscopy is a very simple and suitable method
to investigate the structural change and to know
the complex formation,22 the aggregation behavior
of AlPc in the presence of BSA and HSA is per-
formed using this method.

Pc has two absorption spectra in the UV/Vis
region. One is B and the other is Q band. They are
responsive to the electron transfer of �ða1uÞ-�*(eg)
(B and) and �ða1gÞ-�*(eg) (Q band). The B band is
not sensitive to the background, while electron
density of the Pc ring can change the position and
intensity of Q band. The absorption spectra of AlPc
was shown in Fig. 2. There were two peaks in the Q
band region in curve E. 687 nm was assigned to the
monomer, and 658 nm was attributed to the ab-
sorption of dimer. It suggested that the AlPc mainly
exist as dimer in water.23,24 Remarkable changes in
the Q band region were observed in the presence of
BSA (Fig. 2(a)) and HSA (Fig. 2(b)). With the
increase of the concentration of the serum albumins,
the absorption of dimer gradually decreased, while
the peak of monomer gradually increased. The
results suggested that the added BSA and HSA
result in monomerization of the AlPc. However, the
peaks at around 687 nm were increased to di®erent
extent, from 0.42 to 0.67 for BSA, from 0.66 to 0.96
for HSA. It might be the result of the di®erent
molecular weights and structures of the two di®er-
ent serum albumins. These observations strongly

Spectroscopic analysis of the interaction between AIPc and serum albumins
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evidenced that BSA and HSA interaction with AlPc
could inhibit the formation of aggregation of AlPc,
thus improve its mono dispersity.

3.2. A±nity measurements

In the present study, the interaction between AlPc
and BSA or HSA was investigated by °uorescence
spectroscopic method. Figure 3 showed the °uores-
cence emission spectra of BSA (Fig. 3(a), curve A)
and HSA (Fig. 3(b), curve A) in PBS. The maxi-
mum °uorescence emission wavelengths of BSA
and HSA centered at around 344 nm and 358 nm

respectively upon excitation at 280 nm, arising from
Trp °uorescence.25 For AlPc-BSA complex as well
as AlPc-HSA complex, the °uorescence intensity
gradually decreased with the increase of AlPc con-
centrations, and a shift of the maximum emission
wavelength was also observed from 344 nm to
356 nm for BSA, and from 358 nm to 380 nm for
HSA. These results suggested that microenviron-
ment of the Trp residues changed, by means of
an interaction between AlPc and serum albumins
(BSA and HSA), leading to a ground-state
complex formation. Besides, these results also sug-
gested that the conformation of AlPc changed more

(a) (b)

Fig. 3. Fluorescence spectra of BSA (a) and HSA (b) in PBS in the presence of di®erent concentration of AlPc: A (black): 0; B
(red): 0:2� 10�5; C (blue): 0:4� 10�5; D (dark cyan): 0:6� 10�5; E (pink): 0:8� 10�5; F (green): 1:0� 10�5 M. Insets: Stern–
Volmer plots of °uorescence quenching of BSA and HSA versus AlPc complex concentration.

(a) (b)

Fig. 2. Aggregation behavior of AlPc in water in the presence of BSA (a) and HSA (b) at various concentrations: A (pink):
1:2� 10�5; B (dark cyan): 0:8� 10�5; C (blue): 0:5� 10�5; D (red): 0:2� 10�5; E (black): 0M.
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signi¯cantly after interacting with HSA than with
BSA, and then led to the hydrophilia around
the Trp residue of HSA becoming higher than
that of BSA.

Fluorescence quenching, the decrease of the
quantum yield of °uorescence from a °uorophore
induced by a variety of molecular interactions with
quencher molecule,26,27 is known as a useful method
for measuring binding a±nity. Therefore, the
quenching of the intrinsic tryptophan °uorescence
of BSA (Trp134 and Trp212) and HSA (Trp214)
could be used to study the interactions of AlPc and
serum albumins in order to characterize the nature
of AlPc-protein complexation.12–15 There are two
common °uorescence quenching mechanism namely
static quenching and dynamic quenching. In the
present study, the Stern–Volmer equation was
used to elucidate the mechanism of °uorescence
quenching of the BSA and HSA in the presence of
di®erent concentration of AlPc as previously
reported.5

For BSA, as shown in the inset of Fig. 3(a), with
the increase in AlPc concentration (from 0 to
1:0� 10�5 mol/L), the Ksv was determined to be

3:38� 105 M�1, which was 1.53 times over that for
HSA (2:21� 105 M�1, inset of Fig. 3(b)). The
results indicated that the quenching rate of BSA
was comparatively faster than that of HSA while
interacting with AlPc. From the insets of Fig. 3,
the Stern–Volmer plots curving upward at
0:4� 10�5 mol/L and 0:6� 10�5 mol/L for BSA
and HSA respectively could also be found. The KSV

values of BSA and HSA are listed in Table 1, which
are typical for Pc-BSA/HSA interactions.23,28,29 In
certain concentrations, there is linear relationship
between F0/F and [Pc] (Stern–Volmer curve) if
the quenching type is single static or dynamic
quenching.30 The proposed maximum value for
dynamic quenching process at room temperature is
2:0� 1010 M�1 s�1,31 while kq in this study was
found to be 1013 M�1 s�1. The results indicated that
the °uorescence quenching of BSA and HSA by
AlPc was a static quenching process.

The binding sites (n) and binding constants (Kb)
were further elucidated according to the previous
reports.5,32 The results were shown in Fig. 4 and
Table 1. The signi¯cantly higher Kb values for BSA
indicated that AlPc bound to BSA much more
strongly than that of HSA due to major hydrophilic
and hydrophobic AlPc-BSA interactions. Moreover,
the n values were 1.57 and 1.24 in the AlPc-BSA
and AlPc-HSA complexes, respectively, implying
that there were two binding sites on BSA or only a
single binding site on HSA for AlPc.

3.3. Binding sites investigation

In order to investigate the secondary binding sites of
AlPc on serum proteins, a competitive binding re-
action of HE, IB and TRP with the AlPc/BSA
complex were studied by UV/Vis spectra at both
AlPc and BSA concentrations of 1� 10�5 mol/L.
These conditions could provide detailed messages of
the distribution of AlPc on di®erent binding sites of
BSA. According to the previous report,33 the molar
ratios of AlPc/HE, AlPc/IB and AlPc/TRP were
1/20, 1/20 and 1/1000, respectively, with the

Fig. 4. Double logarithmic plots of °uorescence changes of
serum albumins against di®erent concentrations of AlPc com-
plex. BSA: black ¯lled square; HSA: red ¯lled circle.

Table 1. Binding and °uorescence quenching parameters for the interaction of AlPc with
BSA and HSA.

Compounds Ksv � 105 (M�1) kq � 1013ðM�1s�1Þ KbðM�1) n

BSA 3.38(R2 ¼ 0:9890) 5.38 4:47� 108(R2 ¼ 0:9831) 1.57

HSA 2.21(R2 ¼ 0:9834) 2.21 4:52� 106(R2 ¼ 0:9773) 1.24

Spectroscopic analysis of the interaction between AIPc and serum albumins
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concentrations 2� 10�4 mol/L, 2� 10�4 mol/L and
1� 10�2 mol/L, respectively, were used in the ex-
periment in order to provide competitive displace-
ment of the bound AlPc. As shown in Fig. 5(a), the
AlPc/BSA complex (Fig. 5(a), curve D) was not
disturbed by the addition of IB (Fig. 5(a), curve C).
On the contrary, titration of HE (Fig. 5(a), curve E)
and TRP (Fig. 5(a), curve B) showed gradual
changes in the absorption spectra comparing to the
AlPc/BSA complex (Fig. 5(a), curve D). It might
be deduced that AlPc could be replaced by the HE

and TRP from the AlPc/BSA complex. Therefore,
the binding sites of AlPc overlapping that of HE
and TRP were located on domains I and III of BSA.
The competitive binding reaction to the AlPc/BSA
complex was further performed at AlPc and
BSA concentrations of 1� 10�5 mol/L and 1�
10�4 mol/L, respectively, to identify the primary
binding sites of AlPc. These conditions could make
the special competitive ligands bind to the second-
ary site insigni¯cantly. As shown in Fig. 5(b),
similar changes in absorption spectra were found

(a) (b)

Fig. 5. E®ects of HE, IB and TRP on absorption spectra of AlPc-BSA system. (a) The AlPc/BSA ratio is1/1. A–E represents AlPc
(black, 1� 10�5 mol/L), AlPcþBSAþTRP (red, 1:1:1000), AlPcþBSAþIB (blue, 1:1:20), AlPcþBSA (green, 1:1) and AlPcþB-
SAþHE (pink, 1:1:20). (b) The AlPc/BSA ratio is 1/10. A–E represents AlPc (black, 1� 10�5 mol/L), AlPcþBSAþTRP (red,
1:10:1000), AlPcþBSAþIB (blue, 1:10:20), AlPcþBSA (green, 1:10) and AlPcþBSAþHE (pink, 1:10:20).

(a) (b)

Fig. 6. E®ects of HE, IB and TRP on absorption spectra of AlPc-HSA system. (a) The AlPc/HSA ratio is 1/1. A–E represents
AlPc (black, 1� 10�5 mol/L), AlPcþHSAþIB (red, 1:1:20), AlPcþHSAþTRP (blue, 1:1:1000), AlPcþHSA (green, 1:1) and
AlPcþHSAþHE (pink, 1:1:20). (b) The AlPc/HSA ratio is 1/10. A–E represents AlPc (black, 1� 10�5 mol/L), AlPcþHSAþHE
(red, 1:10:20), AlPcþHSAþIB (blue, 1:10:20), AlPcþHSAþTRP (green, 1:10:1000) and AlPcþHSA (pink, 1:10).
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comparing to the AlPc/BSA (1:1) system. So the
primary binding sites of AlPc to BSA were located
on domains I and III of BSA.

Similar experiments were performed to identify
the secondary and primary binding sites of AlPc on
the HSA. The concentrations of AlPc and HSA were
both 1� 10�5 mol/L in attempting to identify the
secondary binding site of AlPc. The concentrations
of binding ligands in the study were the same as
that in the AlPc/BSA competive reaction. Repre-
sentative absorption spectra of competitive reaction
was shown in Fig. 6(a). No disturbance of AlPc
binding to HSA was observed after adding TRP
(Fig. 6(a), curve C). While titration of AlPc/HSA
complex (Fig. 6(a), curve D) by HE (Fig. 6(a),
curve E) and IB (Fig. 6(a), curve B) showed sig-
ni¯cant changes. Hence, the secondary binding sites
of AlPc coincided with the main ligand binding
regions of domains I and II. Further, in order to
identify the primary binding sites of AlPc, the con-
centrations of 1� 10�5 mol/L and 1� 10�4 mol/L
corresponding to AlPc and BSA respectively, were
chosed. No disturbance of AlPc binding to HSA was
observed after adding IB (Fig. 6(b), curve C) and
TRP (Fig. 6(b), curve D). While titration of AlPc/
HSA complex (Fig. 6(b), curve E) by HE (Fig. 6(b),
curve B) showed signi¯cant changes. Thus, the
primary binding site of AlPc to HSA was domain I
of HSA.

4. Conclusion

AlPc was readily bound with BSA and HSA to
form more stable conjugates. The primary and
secondary binding sites of AlPc to BSA were on
domains I and III of BSA. The primary binding
site of AlPc on HSA was found to be domain I of
HSA, and the secondary binding sites were on
domains I and II of HSA. AlPc-BSA interaction
and AlPc-HSA interaction may alter the second-
ary structure of BSA and HSA, because red shifts
of maximum emission wavelength were observed.
It is clearly shown that BSA and HSA can trans-
port AlPc in vitro.
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