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Abstract The interaction of tricyclazole (TCZ) with β-
cyclodextrin (β-CD) and human serum albumin (HSA) were
studied by fluorescence spectrum, UV-visible spectrum and
second-order scattering technology. It was shown that TCZ
has quite a strong ability to quench the fluorescence launch-
ing from HSA by reacting with it and forming a certain
kind of new compound. The quenching and the energy trans-
fer mechanisms were discussed, respectively. The binding
constants and thermodynamic parameters at four different
temperatures, the binding locality, and the binding power
were obtained. The conformation of HSA was discussed by
synchronous and three-dimensional fluorescence techniques.
The inclusion reaction between β-CD and TCZ was explored
by scattering method, the inclusion constants and the ther-
modynamic parameters at 297 K and 311 K were figured out,
respectively. The mechanism of inclusion reaction was spec-
ulated and linkage among the toxicity of TCZ, the exterior
environment and its concentration was attempted to explain
on molecule level.
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Introduction

TCZ (formula: C9H7N3S; molecule weight: 189.24), a spe-
cific bactericide for rice blast, has a special effect on culm
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blight of rice and is mainly used for protection in periods
of duration. It has been widely applied in agricultural pro-
duction for its advantage of high absorbency, long period of
validity and easy operation, which causes its inevitable resid-
ual in rice and environment. Serum albumins are the most
abundant proteins in plasma (50%–60% of total amount of
plasma proteins) and the main transport proteins. They bind
metabolites, endogenous toxins, hormones etc. The detoxi-
fying and regulatory effect of albumin is following: albumin
binds the substances and decreases their concentration in
a blood because only free fraction of substance is physio-
logically active [1–3]. Interaction between serum albumins
and ligands can provide important information about lig-
ands’ storage, transportation, evacuation etc. Thereupon, re-
searches on these have attracted the attention of the biologist,
chemist, pharmaceutist and therapist [4–10].

β-CD is composed of seven units of D( + )-glucopyranose
units joined by α-1, 4-glycosidic bonds arranged in a trun-
cated cone-shaped structure [11]. As one of the water-soluble
cyclic oligosaccharides, it can form inclusion complexes
with a large variety of organic and inorganic compounds,
which may improve the solubility, stability and bioavailabil-
ity of guest molecules. As a result, β-CD has been widely
applied in food research, organic synthesis, environment pro-
tection and especially in the area of pharmacological science
[12–17].

The aim of the present work was (1) to study interac-
tion between TCZ and HSA; (2) to study the interaction be-
tween TCZ and β-CD. In order to attain these objectives,
fluorescence spectroscopy (including emission spectrum,
three-dimensional fluorescence spectrum and synchronous
fluorescence spectrum) and UV-vis absorption spectroscopy
were employed when we carried out detailed investigation of
TCZ-HSA association. And the inclusion reaction between
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Fig. 1 The fluorescence spectra of HSA in and in no presence of TCZ
(T = 298 K) CHSA = 2.000 × 10−5 mol L−1; CTCZ/(10−5 mol L−1), 1–8:
0, 1.585, 3.171, 4.756, 6.341, 7.926, 9.512, 11.10

β-CD and TCZ was studied by second-order scattering tech-
nique.

Experimental

Materials

HSA and β-CD were both purchased from Sigma (USA).
TCZ was obtained from Sanonda Co., LTD (China). Tris,
HCl, NaCl were purchased from Shanghai Chemical Reagent
Company (China). TCZ had a purity of no less than 99.5%
and all other chemicals were of analytical grade. Stock so-
lutions of HSA (10−4 mol L−1), β-CD (0.0300 mol L−1),
TCZ (60 mg L−1), NaCl (0.5 mol L−1) and Tris-HCl buffer
(0.05 mol L−1 Tris, 0.15 mol L−1 HCl) of pH 7.40 ± 0.01
were prepared by directly dissolving the original reagents in
water. Water used to prepare solutions was double-distilled.

Apparatus

All fluorescence measurements were carried out on an LS-
55 recording spectrophotometer (Perkin-Elmer corporate,

America). All ultraviolet-visible spectra were recorded in
a UV-1100 spectrophotometer (Beijing, China). The weight
measurements were performed with an AY-120 electronic
analytic weighing scale (Shimadzu, Japan). All pH measure-
ments were made with a pHS-3 digital pH-meter ( ± 0.01,
Shanghai, China). The specified temperatures were con-
trolled by air conditioners and an SYS-15 digital aqueous
thermostat ( ± 0.01◦, Nanjing, China).

Procedure and measurement

The buffer, NaCl, TCZ, β-CD and HSA solutions were added
with different ratios into several 10 mL colorimetric tubes,
then diluted to 10 mL and stirred well. The solutions were
let to stand for 5 min at room temperature, and then react for
30 min at specified temperatures.

In case of the fluorescence spectra of HSA with and with-
out TCZ the excitation wavelength was set at 290 nm and the
emission wavelength was set between 275 and 500 nm. In
case of fluorescence synchronous scan spectra the initial (ex-
citation) wavelength was set at 160 nm and the wavelength
shift �λ was equal to 60 nm. In case of the fluorescence spec-
tra of TCZ with and without β-CD the excitation wavelength
was set at 230 nm and the emission wavelength was set be-
tween 430 and 510 nm. The three-dimensional fluorescence
spectrum was performed under the following conditions: the
initial excitation wavelength at 200 nm, the emission wave-
length between 200 and 490 nm, scanning number 30 and
increment 10 nm with other parameters just the same to that
of the fluorescence spectra of HSA. In case of absorption
spectra scan the slit width was set at 1 nm and the wave-
length was set between 200 and 300 nm. The excitation and
emission slit widths for all fluorescence spectra were 15 and
2.5 nm and the scanning speed was set at 1200 nm per minute.
Samples were contained in 1 cm path length quartz cuvettes.

Fig. 2 Stern-volmer curves (A) and lineweaver-burk curves (B) of HSA with certain concentration of TCZ
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Table 1 Regression equations
and correlation coefficients Curve T/K Regression equations R

(A) 290 I0/I = 1.071 + 3.254 × 103 CTCZ 0.9852
298 I0/I = 1.068 + 2.986 × 103 CTCZ 0.9864
306 I0/I = 1.062 + 2.355 × 103 CTCZ 0.9854
314 I0/I = 1.062 + 2.214 × 103 CTCZ 0.9868

(B) 290 (I0-I)−1 = 0.008648 + 6.631 × 10−7 CTCZ
−1 0.9996

298 (I0-I)−1 = 0.009863 + 7.406 × 10−7 CTCZ
−1 0.9993

306 (I0-I)−1 = 0.01421 + 9.012 × 10−7 CTCZ
−1 0.9996

314 (I0-I)−1 = 0.01616 + 9.337 × 10−6 CTCZ
−1 0.9995

Results and discussion

The fluorescence quenching spectra

Fluorescence quenching refers to any process which de-
creases the fluorescence intensity of a phosphor. A variety
of molecular interactions can result in fluorescence quench-
ing, including excited-state reactions, molecular rearrange-
ments, energy transfer, ground-state complex formation, and
collisional quenching [18]. The different mechanisms of
fluorescence quenching are usually classified as either dy-
namic quenching or static quenching. Dynamic quenching
and static quenching are caused by diffusion and ground-
state complex formation, respectively. And they have differ-
ent dependence on temperature: it is known that higher tem-
peratures result in larger diffusion coefficients, the dynamic
quenching constants are expected to increase with increasing
temperature. In contrast, increased temperature is likely to
result in decreased stability of complexes, and thus lower
values of the static quenching constants. Dynamic and static
quenching can be distinguished by the absorption spectra
before and after two samples interact, as well [19–20].

In this experiment, HSA was phosphor [21] while TCZ
acted as the quencher. The fluorescence spectra of HSA
and its fluorescence quenching ones by TCZ, were ob-
tained according to procedures mentioned and were shown in
Fig. 1.

The fluorescence quenching mechanism

It is apparent, from Fig. 1 that the fluorescence intensity
of HSA was decreased regularly with the increase of TCZ
concentration, which indicates that there was a certain kind

Table 2 Binding constants and thermodynamic parameters derived
from KLB

T/K KSV/L·mol−1 Kq/L·mol−1·s−1 KLB/L·mol−1

290 3.038 × 103 3.038 × 1011 1.304 × 104

298 2.796 × 103 2.796 × 1011 1.332 × 104

306 2.218 × 103 2.218 × 1011 1.577 × 104

314 2.085 × 103 2.085 × 1011 1.731 × 104

of interaction between TCZ and HSA, and the energy transfer
occurred.

In order to conform the quenching mechanism, we ana-
lyzed the fluorescence data at different temperatures with the
well-known Stern-Volmer equation and Lineweaver-Burk
equation, which were commonly used in describing dynamic
quenching and static quenching, respectively. Supposing CP,
C0, I0, I are the concentration of free fluorescence object,
the concentration of all fluorescence object, the fluorescence
intensities in the absence and in the presence of quencher,
respectively, the equation CP/C0 = I/I0 will be reasonable
when the formation does not give out fluorescence in a se-
lected wavelength range. Then the Stern-Volmer equation is
[19–20, 22]:

I0/I = 1 + KSV[Q] = 1 + Kqτ0[Q] (1)

where KSV is the Stern-Volmer quenching constant with the
unit of L mol−1, [Q] the concentration of the quencher, Kq

the quenching rate constant of the biological macromolecule
and Kq = KSV/τ 0, τ 0 the average lifetime of the molecule
without any quencher and the fluorescence lifetime of the
biopolymer is 10−8 s.

Lineweaver-Burk equation is [19–20]:

Fig. 3 Absorption spectra of TCZ (1), HSA (2), and TCZ-
HSA complex (3) CHSA/(10−5 mol L−1), 1–3: 0, 2.000, 2.000;
CTCZ/(10−5 mol L−1), 1–3: 2.000, 0, 11.10
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Table 3 Thermodynamic parameters derived from KLB

T/K �Hθ /kJ·mol−1 �Sθ /J·K−1 �Gθ /kJ·mol−1

290 9.071 110.1 −22.85
298 109.4 −23.53
306 110.0 −24.59
314 110.0 −25.48

(I0 − I )−1 = (I0)−1 + K −1
L B I −1

0 [Q]−1 (2)

where KLB is the static quenching constant with the unit of
L mol−1, which describes the binding efficiency of micro-
molecules to biological macromolecules at ground state.

Experiments have been done on the fluorescence quench-
ing spectra at four different temperatures and the data have
been disposed of according to Stern-Volmer’s equation and
Lineweaver-Burk equation respectively. These two equation
curves are shown in Fig. 2 and their regression equations and
correlation coefficients are in Table 1.

Reference has pointed out the maximum scatter colli-
sion quenching constant of various quenchers with biopoly-
mer is 2.0 × 1010 L mol−1 s−1 [22], and it is obvious that
the rate constants Kq shown in Table 2 are greater than
2.0 × 1010 L mol−1 s−1. From Fig. 2 and Table 1, it can be
seen that the curves of Lineweaver-Burk equation have better
linear relations. When attention was paid to the value of KSV

in Table 2, it could be found that its value became smaller
and smaller when the temperature gradually rose. It is exactly
the opposite to the definition of dynamic quenching, which
can indicate that the quenching was not initiated by colli-
sion. Meanwhile, the absorption spectra of HSA-TCZ sys-
tem (Fig. 3) are clearly different from those of HSA or TCZ
alone, which is an obvious evidence that they have formed
at least one protein-drug complex with certain new struc-
ture. Consequently a conclusion may be safely drawn that
the quenching of TCZ to HSA belongs to static quenching

Fig. 4 The effect of TCZ on the synchronous fluorescence
spectra of HSA (�λ = 60 nm) CHSA = 2.000 × 10−5 mol L−1;
CTCZ/(10−5 mol L−1), 1–8: 0, 1.585, 3.171, 4.756, 6.341, 7.926, 9.512,
11.10

with complex formation. And that is why the static binding
constants were used when the thermodynamic parameters
were calculated.

When the temperature change is not very enormous, the
enthalpy change �Hθ of a system can be regarded as a con-
stant. Under this premise, the thermodynamic parameters
deriving from the static binding constants were obtained and
showed in Table 3 according to the equation (3)–(5).

�Gθ= − RT ln K θ (3)

ln
(
K θ

2 /K θ
1

) =(�H θ /R) · (1/T1 − 1/T2) (4)

�Gθ = �H θ − T · �Sθ (5)

The effect of TCZ on HSA conformation

Synchronous fluorescence spectroscopy is a common
method for evaluating the conformational changes of protein.
The synchronous fluorescence spectra of HSA and HSA-
TCZ systems were shown in Fig. 4.

Spectroscopy is an ideal tool to observe conformational
changes in proteins as it allows non-intrusive measurements
of substances in low concentration under physiological con-
ditions. It is advantageous to use intrinsic fluorophores for
these investigations in order to avoid complicated labeling
with an extrinsic dye. In synchronous spectra, the sensitiv-
ity associated with fluorescence is maintained while offering
several advantages: spectral simplification, spectral band-
width reduction and avoiding different perturbing effects. It
has been reported that the shift in wavelength of emission
maximum λmax corresponds to the changes of polarity around
the chromophore molecule [19, 22]. When the wavelength
shift (�λ) between excitation and emission wavelength were
stabilized at 60 nm, the synchronous fluorescence gives the
characteristic information of tryptophan residues. HSA con-
tains only one tryptophan residue (214-Trp), which makes
the absolutely main contribution to the fluorescence inten-
sity of HSA in the wavelength range selected. In Fig. 4, a
little, but tangible red shift can be observed, which indi-
cates the Trp-214 residue was placed in a less hydropho-
bic (or more polar) environment and more exposed to the
solvent [20].

Besides, the three-dimensional fluorescence spectra and
contour ones were shown in Fig. 5 and Fig. 6.

As known to all, normal fluorescence peaks are usually
located in the lower right of the Rayleigh scattering regions.
Two typical fluorescence peaks could be easily found in
three-dimensional fluorescence spectra. It was obvious that
both fluorescence peaks of HSA have been quenched by
TCZ, but to different extent (in presence of TCZ, the intensity
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Fig. 5 Three-dimensional fluorescence spectra of HSA (A) and TCZ-HSA complex (B) CHSA/(10−5 mol L−1), A: 2.000, B: 2.000;
CTCZ/(10−5 mol L−1), A: 0, B: 2.000

ratio of fluorescence peak to second-order one is 2.277:1
while 2.368:1 in absence of it) as shown in Table 4, which
indicates that TCZ has complexed with HSA to change its
conformation. It is also a substantial evidence that TCZ has
obvious poison activity.

Binding force and binding locality

Generally speaking, the force between organic micro-
molecule and biological macromolecule includes hydropho-
bic interaction, hydrogen bond, van der Waals force and elec-
trostatic force. Ross etc. summed up the thermodynamic laws
for estimating the type of the binding force between organic
micro-molecule and biological macromolecule. That is,
hydrophobic force may increase �H and �S of a system,

while hydrogen bond and van der Waals power may de-
crease them, and electrostatic force usually makes �H ≈ 0
and �S > 0 [23]. Based on this rule, the binding power
between TCZ and HSA can be regarded as hydrophobic in-
teraction.

In the whole, there was no enhanced fluorescence emis-
sion peak of TCZ in fluorescence spectra and three-
dimensional spectra, which are the evidence for non-
radiation energy transfer. According to Förster’s non-
radiation energy transfer theory, the energy transfer can occur
only when the fluorescence emission spectra of the donor and
the absorption spectra of the acceptor have enough overlap
and the distance between donor and acceptor is not longer
than 7 nm. In detail, it can be described by the following
three equations [20, 22]:

Fig. 6 Contour spectra of HSA (A) and TCZ-HSA complex (B) CHSA/(10−5 mol L−1), A: 2.000, B: 2.000; CTCZ/(10−5 mol L−1), A: 0, B: 2.000
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Table 4 Three-dimensional fluorescence spectral characteristics of HSA and HSA-TCZ system

HSA HSA-TCZ
Peak position Peak position

Peaks (λex/λem)/(nm/nm) �λ/(nm) Intensity I (λex/λem)/(nm/nm) �λ/(nm) Intensity I

Rayleigh scattering peaks 280/280→490/490 0 9.902→240.2 280/280→490/490 0 9.035→222.1
Fluorescence peak 290/343 53 250.5 290/342 52 231.6
Second-order scattering peaks 240/480→390/780 λex 11.54→156.2 240/480→390/780 λex 7.596→117.1
Second-order fluorescence peak 280/633 353 105.8 280/630 350 101.7

E = R6
0/

(
R6

0 + r6
) = 1 − I/I0 (6)

R0 = 8.8 × 10−25(K 2�N−4 J ) (7)

J =
∑

FD(λ)εA(λ0)λ4�λ/
∑

FD(λ)�λ (8)

where E is the efficiency of transfer between the donor and
the acceptor, R0 the critical distance when the efficiency of
transfer 50%, r the distance between the acceptor and the
donor, K2 the space factor of orientation, N the refracted
index of medium, φ the fluorescence quantum yield of the
donor, J the effect of the spectral overlap between the emis-
sion spectrum of the donor and the absorption spectrum of
the acceptor, FD(λ) the corrected fluorescence intensity of
the donor in the wavelength range λ0 to λ, and εA(λ0) the
extinction coefficient of the acceptor at λ0.

The overlap of the absorption spectrum of TCZ and the
fluorescence emission spectrum of HSA is shown in Fig. 7.
The overlap integral, J, can be evaluated by integrating the
spectra in Fig. 7 according to the equation (8). Under our
experimental conditions, K2 = 2/3, N = 1.336 and φ = 0.118
could be used [19]. Finally, the distance between TCZ and
Trp-214 in HSA was calculated to be 2.55 nm.

Fig. 7 Overlap of the absorption spectrum of TCZ (1) and the fluo-
rescence emission spectrum of HSA (2) CHSA = 2.0 × 10−5 mol L−1.
CTCZ = 2.0 × 10−5 mol L−1

Inclusion reaction of β-CD to TCZ

It is shown that β-CD has enhanced effects on TCZ. An ob-
vious blue shift can be seen for fluorescence peak at 350 nm,
which is a significant symbol for inclusion formation. The
second-order scattering peak, shown in Fig. 8 with consid-
erable intensity, gets stronger and stronger in presence of
increasing concentration of β-CD and good regularity is
shown, which can certainly be made use of.

Reference reported a new method for determining inclu-
sion constant between drug and β-CD by non-linear scatter-
ing technology. The equation is [24]:

1/�I = 1/(rCG) + 1/(r K f CG[C D]) (9)

where r is a constant, �I equals to I minus I0, which are the in-
tensity of TCZ with and without β-CD. [CD], CG, Kf are con-
centration of β-CD, total concentration of guest molecules,
inclusion constant, respectively. When CG is fixed, 1/�I has
linear relationship with 1/[CD] (when β-CD is quite exces-
sive, [CD] can be replaced by CCD approximately), and the
Kf value can be evaluated by intercept and slope. Fig. 9,
by plotting data of 1/�I and 1/[β-CD] obtained at different
temperatures (297 K, 311 K), shows that the inclusion agree
with the new model mentioned above. Regression equations,
correlation coefficients, inclusion constants and thermody-
namic parameters (supposing enthalpy change �Hθ be a con-

Fig. 8 Effects of β-CD on fluorescence spectra of TCZ
CTCZ = 5.284 × 10−6 mol L−1; Cβ−CD /(10−3 mol L−1), 1→8: 0, 1.500,
3.000, 4.500, 6.000, 7.500, 9.000, 10.50
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Table 5 Regression equations, correlation coefficients, inclusion constants and thermodynamic parameters

T/K Regression equations R Kf /L·mol−1 �Hθ /KJ·mol−1 �Sθ /J·K−1 �Gθ /KJ·mol−1

297 �I −1 = 4.199 × 10−4 + 2.100 × 10−5 cβ−CD
−1 0.999 8 20.00 − 45.95 129.8 −7.397

311 �I −1 = 1.093 × 10−3 + 1.263 × 10−5 cβ−CD
−1 0.999 7 8.654 129.8 −5.580

Fig. 9 Plot of 1/�I and 1/[β-CD]

stant as the temperature change is not great) were obtained
and showed in Table 5 according to the equation (3)-(5).

Discussion on inclusion reaction mechanism

β-CD, with hydrophobic cavity of inner diameter 7Å, can
include TCZ molecule effectively. Fixed by β-CD’s inner
cavity, the collision frequency of TCZ molecule decreased,
the absorption surface expanded. As a result, the quantum
yield increased, which appears as an enhanced effect on the
luminescence of TCZ. The entropy change �Sθ enumerated
in Table 5 is 129.8 J K−1, which indicates that this inclusion
interaction is spontaneous. The lower values of the inclusion
constant with increased temperature may due to decreas-
ing stability of complexes. Further there is no possibility of
accommodation of TCZ molecule completely in cavity of β-
CD having a length of 7.8Å [25]. So the complex formed is
most likely to be the axial inclusion complex with benzene
ring of TCZ molecule outside or at least partly outside as
shown in Fig. 10. That is why the inclusion constants are not
considerable.

Fig. 10 The most probable
molecular structure of
β-CD-TCZ inclusion

Conclusions

This paper presents spectroscopic studies on the interaction
of TCZ with β-CD and HSA using second-order scatter-
ing, fluorescence emission spectrum, UV-visible spectrum,
three-dimensional fluorescence spectrum and synchronous
fluorescence spectrum. It was shown that the fluorescence of
HSA has been quenched for reacting with TCZ and forming
a certain kind of new compound. The quenching belonged
to static fluorescence quenching, with non-radiation energy
transfer happening within single molecule. The binding con-
stant at room temperature was figured out to be 1.332 × 104

L·mol−1 and became bigger and bigger when the temper-
ature upgrades. The thermodynamic parameters agree with
�Gθ < 0, �Hθ > 0, �Sθ > 0.The binding locality is an
area 2.55 nm away from tryptophan residue-214 in HSA and
the binding power between them is mainly the hydropho-
bic interaction. The inclusion constants between β-CD and
TCZ at 297 K and 311 K were calculated to be 20.00 and
8.654 L mol−1, respectively. The thermodynamic parame-
ters comply with �Gθ < 0, �Hθ < 0, �Sθ > 0. β-CD has
not accommodated TCZ molecule completely in its cavity
but it can also mitigate TCZ’ toxicity to a certain degree.
The next step of our work is to seek for another cyclodextrin
which may weak the binding between TCZ and HSA more
effectively.
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