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Multi-Spectroscopic Method

ABSTRACT The interactions between rutin and trypsin were investigated
by UV-Vis absorption, CD, fluorescence, resonance light-scattering spectra,
synchronous fluorescence, and three-dimensional fluorescence spectra
techniques under physiological pH 7.40. Rutin effectively quenched the
intrinsic fluorescence of trypsin via static quenching. The enthalpy change
and entropy change were estimated to be —823kJ-mol' and
53.66J-mol~'-K~' according to the van’t Hoff equation. The process of
binding rutin to trypsin was a spontaneous molecular interaction procedure.
This result indicates that hydrophobic and electrostatic interactions played a
major role in stabilizing the complex. The conformation of trypsin was
discussed by CD, synchronous, and three-dimensional fluorescence
techniques.

KEYWORDS binding constant, fluorescence spectroscopy, rutin, trypsin

INTRODUCTION

Dietary flavonoids are main polyphenols that display anticancer, antiviral,
anti-allergic, antispasmodic, anticarcinogenic, and antiinflammatory bioac-
tivities." ' Rutin (Fig. 1) is one of the most abundant dietary flavonoids
and the main active component of many medicinal plants.* Like other
flavonoids, rutin exhibits many of the above activities.”® A nontoxic and
nonoxidizable molecule, rutin offers an advantage over myricetin, querceta-
genin, and other flavonoids.”® Proteinases play an important role in the
regulation of many biologically relevant processes in the human body."
Trypsin is a serine proteinase that is excreted by the pancreas in the small
intestine and takes part in the digestive deconstruction of food proteins.”
Flavonoids were considered as building blocks for the inhibitors of trypsin
family enzymes. Therefore, it would be interesting to obtain more detailed
information on the rutin—trypsin interaction at the molecular level.

It is well known that rutin often binds to biomolecules, such as serum
albumins, hemoglobin, and DNA.®1 pastukhov et al. have studied the
binding of rutin to human serum albumin (HSA) and found that the binding
site for rutin is situated within the subdomain ITA of HSA.® Guo and
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FIGURE 1 The molecular structure of rutin.

coworkers have studied the interactions between
rutin and hemoglobin in lecithin liposomes.[g] Tian
et al. have studied the binding of rutin with DNA
by electrochemical and spectroscopic methods."”
Maliar et al. have reported the computer-assisted
drug design of flavonoids, which has been found
to be a perspective trypsin/trypsin-like enzyme
inhibitor."! The thermodynamics parameters includ-
ing such as mode of interaction, association constant,
and number of binding sites are important to make
predictions about enzyme-ligand complexes from a
pharmacological point of view. In this report, we
investigated the interaction of rutin with trypsin
by UV-Vis absorption, fluorescence, resonance light-
scattering spectra, circular dichroism (CD), syn-
chronous fluorescence, and three-dimensional
fluorescence spectra techniques. The work could
benefit the understanding of a new inhibitor with
more favorable interactions with the enzyme. This
investigation may open up new avenues for design
of the most suitable flavonoids derivatives that have
better plasma stability and fewer side effects.

MATERIALS AND METHODS

Materials

Trypsin (MW = 23,500 Da) from bovine pancreas
was purchased from Sigma Aldrich (Foster, USA) and
used without further purification. Rutin was obtained
from Fluka (Buchs, Switzerland). The buffer Tris was
purchased from Acros (Geel, Belgium), and NacCl,
HCI, etc., were all of analytical purity. For the CD
experiments, a 0.02M phosphate buffer of pH 7.40
was exclusively prepared in deionized water.

H.-M. Zhang et al.

Equipments and Spectral
Measurements

The UV-Vis spectrum was recorded at 298K on a
SPECORD S 50 (Jena, Germany) equipped with
1.0-cm quartz cells. All fluorescence spectra were
recorded on a Perkin-Elmer LS-50B Spectrofluoro-
meter (Foster, USA) equipped with 1.0-cm quartz
cells and a thermostat bath. The widths of both the
excitation slit and the emission slit were set to
10.0nm/3.0nm for trypsin, respectively. The CD
spectra were measured by a Jasco J-810 spectropo-
larimeter (Tokyo, Japan) using a 0.1-cm quartz cell
at 0.1-nm intervals, the bandwidth was 2.0 nm and

the san speed was 20 nm - min ™",

Procedures

Trypsin solution (2.5mL) was titrated with
successive rutin solution. Titrations were performed
manually by using trace syringes. The fluorescence
spectra were then measured (excitation at 280 nm
and emission wavelengths of 290500 nm) at two
temperatures (298, 308 K). The fluorescence intensity
was corrected using the relationship™"

FCOT = L'obs X e(A”x+AE’77)/2 (1)

where F.,, and F,,, are the fluorescence intensity
corrected and observed, respectively; Ay (Jox=
280nm) and Aey (Aem =339nm) are the absorbance
of system at excitation and emission wavelength,
respectively. Synchronous fluorescence spectra of
trypsin in the presence of rutin were recorded at room
temperature. The D value (A1) between excitation
wavelength and emission wavelength were stabilized
at 15 or 60nm. The three-dimensional fluorescence
spectrum was performed under the following con-
ditions: the emission wavelengths at 270-600 nm, the
excitation at 200nm, scanning number 15, and
increment 10 nm with other parameters the same as
those of the fluorescence quenching spectra. Reson-
ance light-scattering (RLS) spectra were obtained by
synchronous scanning (AA=0nm) with the wave-
length range of 200-600 nm on the spectrofluorophot-
ometer at 298 K. The UV-Vis absorbance spectrum of
rutin solution was recorded at 298 K. The CD spectra
of trypsin solutions containing rutin were recorded
from 190 to 300 nm with two scans averaged for each
CD spectrum.
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RESULTS AND DISCUSSION

Interaction Between Rutin and
Trypsin

There are two main absorption bands in the UV
spectra of rutin, which can be assigned to band
I (250-280nm) and band II (325-400nm),
respectively.'? Figure 2 shows the UV absorption
spectra of rutin from 250 to 500 nm in methanol,
Tris-HCI, and trypsin solutions. The maximum UV
absorption wavelengths (Ay.) of band T and band
II in methanol were situated at 260 and 360 nm,
respectively, and they shifted to 270 and 366 nm.
The red shift is related to the stronger interaction
between the water and the phenolic hydroxyl on
the rutin molecule. Addition of the trypsin to rutin
solution resulted in the little red shift of the band I
and band II maximum in the absorption spectrum
of rutin. The change of maximum UV absorption
wavelength indicates the ground state complex
formation between rutin and trypsin.

Fluorescence spectroscopy is essentially a probe
technique sensing changes in the local environment
of the fluorophore of protein. There are four trypto-
phans (Trp 50, Trp 141, Trp 215, and Trp 237) in
trypsin that can be used as intrinsic fluorophores.”
As shown in Fig. 3, the emission maximum of trypsin
in solution was observed at 339 nm, which indicates
that specific tryptophans of trypsin are partly
exposed to the solvent. The effect of rutin on trypsin

m— 3, Rutin in methanol

0.30
’\ == =b, Rutin in Tris-HCI buffer
. .d = = =C, Trypsin
0.25+ = = d, Rutin-Trypsin
| Iry\ "

0.20

0.15

Abs

0.10

0.05 -

‘-‘-'-—I-..'----I---'

0.00 T
250 300 350 400 450 500

Wavelength (nm)

FIGURE 2 Absorption spectra of rutin, trypsin, and rutin-tryp-
sin system. (a) The absorption spectrum of rutin in methanol; (b)
the absorption spectrum of rutin in Tris-HCI solution; (c) the
absorption spectrum of trypsin only; (d) the absorption spectrum
of rutin—trypsin system). ¢ (trypsin) = ¢ (rutin) = 10.0 uM.
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FIGURE 3 Effect of rutin on fluorescence spectra of trypsin
(T=298K, pH = 7.40, Lex = 280nm). The insert shows the
Stern-Volmer plots for the quenching of trypsin by rutin. Total
concentration of rutin: ¢ (rutin)/(10"°M), curve (from top to
bottom): 0.0, 0.5, 1.0, 1.5, 2.0, 3.0, 4.0, 5.0, and 6.0, respectively.
Trypsin concentration was at 10.0 pM.

fluorescence intensity is shown in Fig. 3. As the data
show, the addition of rutin to trypsin leads to a
significant reduction in the fluorescence intensity
with a little shift of emission to a shorter wavelength.
The results showed that the binding of rutin with
trypsin quenches the intrinsic fluorescence of trypsin
and the conformational changes are induced in
trypsin by rutin.

Generally, quenching types often include static
and dynamic quenching. It is necessary to know
quenching procedure and type for researching the
mechanism of quenching. In this article, we have
used the binding constants’ dependence on the
temperature to elucidate the quenching mechanism.
It is known that the dynamic quenching constants
are expected to increase when there is a rise in
temperature. In order to confirm the quenching
mechanism, the fluorescence quenching data are
analyzed by the Stern-Volmer equation:""?

201 kol = 14 KulQ) (2)

cor

where F, is the fluorescence intensities before the
addition of the quencher, F., is the fluorescence
intensity corrected, &, is the bimolecular quenching
constant, 7 is the average lifetime of the biomolecule
without quencher (to= 107 ®s), K, is the Stern-
Volmer dynamic quenching constant, and [Q] is the
concentration of the quencher. The insert in Fig. 3

Interaction Between Rutin and Trypsin
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displays the Stern-Volmer plots of the quenching of
trypsin tryptophan residues fluorescence by rutin
at 298 K. Linear Stern-Volmer plots may either indi-
cate the existence of a single type of quenching or
reveal the occurrence of just a binding site for
quencher in the proximity of the ﬂuorophore.[m In
Table 1, the rise in temperature does not increase
the K, values and the k, was the order of
10" L-moL " -s~'. Obviously, this indicates that the
quenching was not initiated from dynamic collision
but from the formation of a complex."”

Consequently, the quenching process was also
analyzed according to the modified Stern-Volmer
equation:m]

Fo F 1 1 1
Lo (3)
AF FO - Fcor fO qu() [Q]

In this case, f,, and K, are the fraction of accessible
fluorescence and the effected quenching constant for
the accessible fluorophores, respectively. Within cer-
tain concentrations, the curve of F,/(Fy — F,,,) versus
1/1Q] (modified Stern-Volmer curve) would be linear
for static quenching."® From Table 1, it is known
that under certain rutin concentrations, the value of
correlation coefficient (R) is more than 99.9% and
the curves of F,/(F, — F,,,) versus 1/[Q] were linear.
All these results indicate that there were obviously
characters of static quenching. In this article, the
effected quenching constants obtained from the
modified Stern-Volmer curves were applied to ana-
lyze the thermodynamic parameter and the nature
of the binding forces.

The RLS spectra of trypsin and trypsin—rutin
complex recorded with synchronous scanning from
200 to 600nm are shown in Fig. 4. Upon addition
of rutin to trypsin solution, an obviously decreased
RLS was observed (Figs. 4a, 4b). The RLS intensity
is dominated primarily by the particle dimension of

1000

——a, Trypsin
--=—- b, Rutin+Trypsin

800

2]

(=3

o
1

400

RLS Intensity

200

T T T T T T T
200 300 400 500 600
Wavelength (nm)

FIGURE 4 RLS spectra of trypsin (a), trypsin-rutin (b). ¢
(trypsin) = 10.0 uM; c (rutin) = 20.0 pM.

the formed aggregate in solution,"” so it is inferred

from the results that the added rutin may interact
with trypsin in solution, forming a new trypsin—rutin
complex. The size of new complex particles may be
smaller than that of trypsin, because light-scattering
signal decreased under the given conditions.

Thermodynamic Parameters and
Nature of the Binding Forces

Van der Waals forces, electrostatic, hydrogen
bonds, and hydrophobic interactions can play an
important role in ligand binding to protein."® To
obtain this information, the thermodynamic para-
meters of rutin binding with trypsin were calculated
from the van't Hoff equation."”?”! From Table 2, it
can be seen that the negative sign for AG® indicates
the spontaneity of the binding of rutin with trypsin.
AR’ is the negative value, and AS° is a positive value.
The main source of AG® value was derived from a
large contribution of AS° term with little contribution
from the AH° factor. A positive AS° value is frequently

TABLE 1 sStern-Volmer Quenching Constant and Modified Stern-Volmer Association Constant of the Interaction of Rutin-Trypsin at

Different Temperatures

Eq. (2) Eq. (3)
T(K) Ke (L-mol™") Kq (L-mol™) R? Sp® K, (L-mol™") R? Sb®
298 3.14 x 10* 3.14 x 10"? 0.9980 0.0446 1.76 x 10% 0.9999 0.0455
308 3.12x 10% 3.12 x 10" 0.9980 0.0432 1.58 x 10* 0.9995 0.0959

?Correlation coefficient.
bStandard deviation.

H.-M. Zhang et al.
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TABLE 2 Thermodynamic Parameters of the System of Rutin-Trypsin System

T(K) AH° (kJ-mol™") AG° (kJ-mol™") AS° (J-mol~ 1. K™ Ka (L-mol™") n R? SD?
298 -8.23 —24.22 53.66 3.46 x 10% 0.92 0.9976 0.0308
308 —24.76 3.44 x 10* 0.93 0.9983 0.0265

?Correlation coefficient.
bStandard deviation.

taken as evidence for hydrophobic interaction."® The
interaction of rutin with trypsin included the hydro-
phobic forces between the aromatic ring and the
hydrophobic amino acid residues. Furthermore,
specific electrostatic interactions between ionic
species in aqueous solution are characterized by a
positive value of AS® and a negative AH°. At pH=
7.40, trypsin (isoelectric point p/=10.5)"" bears a
positive charge, and rutin (pK,; =7.D"%Y bears a
negative charge because the most acidic phenolic
OH groups of rutin are dissociated at physiological
pH, though this process is far from being complete
and results in a mixture of neutral and anionic
species.”!! Therefore, the electrostatic could not be
excluded in the interaction between rutin and trypsin.
Accordingly, it is not possible to account for the
thermodynamic parameters of the trypsin—rutin
coordination complex on the basis of a single inter-
molecular force model. It is more likely the hydro-
phobic, electrostatic interactions are involved in its
binding process.

Binding Constant and Binding
Capacity

The apparent binding constant K, and binding

sites 72 can be found from the equation:"*?
Fy —F,
logu = nlog Ky—
FCO’”

1
”k’g([@] Yy me/ﬁ)) )

where F, is the fluorescence intensities before the
addition of the quencher, F., is the fluorescence
intensity corrected, and [P] and [Q] are the total
quencher concentration and the total protein
concentration, respectively. By the plot of log (F, —
Feop)/Feor versus log [1/(Q] — (Fy— F.op) [PI/F),
the number of binding sites # and the association
constant K, can be obtained. In Table 2, the binding
constants K, and binding sites 7 are listed for rutin

187

associated with trypsin. The results showed that the
binding constants K, cannot change obviously with
the temperature rising, which may indicate forming
a stable compound. According to the literature, ™
it is evident that rutin could bind with human serum
albumin and hemoglobin in a strong way as com-
pared to trypsin. The observed results can be attrib-
uted to the difference in protien structure, because
they may differ in affinities. The values of n approxi-
mately equal to 1 indicates the existence of just a
single binding site in trypsin for rutin. According to
the quenching data, some Trp residues are involved
in the binding of rutin to trypsin and locate in the
binding site.

Energy Transfer from Trypsin to Rutin

Fluorescence resonance energy transfer (FRET) is
a distance-dependent interaction between donor
and acceptor.”? Here the donor and acceptor were
trypsin and rutin, respectively. There was a spectral
overlap between the fluorescence emission spectrum
of free trypsin (Fig. 5a) and absorption UV-Vis
spectra of rutin (Fig. 5b).

500 0.40

1035
400 -| 1

2 4030
[72]
&

4025
£ 300 s
o Jo20 B
8 0.20 g_
o 200-]
o 015 &
2 0.10 <
S 100 '
[ 0.05

Wavelength (nm)

FIGURE 5 Overlap of the fluorescence emission of trypsin
(a) with the absorption spectra of rutin (b). ¢ (trypsin) =
¢ (rutin) = 10.0 pM.
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FIGURE 6 Synchronous fluorescence spectrum of trypsin in
the presence of rutin at 298 K. Total concentration of rutin:
¢ (rutin)/(10~°M), curve (from top to bottom): 0.0, 0.5, 1.0, 1.5,
2.0, 3.0, 4.0, 5.0, and 6.0, respectively. Trypsin concentration
was at 10.0 pM. (a) AL = 15nm and (b) AL = 60nm.

According to Forster’s theory, the energy transfer
efficiency E is defined as follows:

where 7 is the distance from the ligand to the trypto-
phan residue of the protein, and R, is the Forster
critical distance at which 50% of the excitation
energy is transferred to the acceptor.?® It can be
calculated from donor emission and acceptor
absorption spectra using the Forster formula:

RS =879 x 107 2k*n 10y (6)

H.-M. Zhang et al.
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FIGURE 7 The quenching of trypsin synchronous fluorescence
by rutin. ¢ (trypsin) = 10.0pM. (m) AL = 15nm, (e) AL = 60nm.

In Eq. (0), k* is the orientation factor related to the
geometry of the donor and acceptor of dipoles and
k*=2/3 for random orientation as in fluid solution;
n is the average refractive index of medium in the
wavelength range where spectral overlap is signifi-
cant; @ is the fluorescence quantum yield of the
donor; J is the effect of the spectral overlap between
the emission spectrum of the donor and the absorp-
tion spectrum of the acceptor (Fig. 4), which can be
calculated by Eq. (7):

ST Fe(a)itda
J= Jo" F(2)da

(7)

>
@
°
E
8 ——a, Trypsin
== b, Trypsin+Rutin
- ¢, Rutin

-—+-- d, (Trypsin+Rutin)-Rutin

T T T T T T T T T T
200 220 240 260 280 300
Wavelength (nm)
FIGURE 8 Far-UV CD spectra of trypsin and rutin. (The
spectrum of rutin cannot be subtracted from that of the complex;
i.e., [trypsin -+ rutin] — rutin # trypsin). ¢ (trypsin) = ¢ (rutin) =
10.0 uM.
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FIGURE 9 The three-dimensional projections and the corresponding contour spectra of trypsin (a), rutin-trypsin (b, c). The concen-
tration of trypsin: (a) 10.0 pM, (b) 10.0 pM, (c) 10.0 pM; the concentration of rutin: (a) 0uM, (b) 20.0 uM, (c) 60.0 pM.

where F(4) is the corrected fluorescence intensity of
the donor in the wavelength range A to 4 + A4; ¢ (1)
is the extinction coefficient of the acceptor at 4. In

the present case, n=1.36, ®=0.146."" According
to the above equations, we could calculate that J=
9.36 x 10" cm’-L-mol ™!, E=0.25, R,=3.09nm,

TABLE 3 Three-Dimensional Fluorescence Spectral Characteristics of Trypsin, Rutin-Trypsin System

Peak A A Intensity Peak B AL
System (Zex/Aem) (nm) Intensity ratio (Zex/Aem) (hm) Intensity
Trypsin 280/339 59 502.77 0.56:1 230/339 119 903.24
Rutin-trypsin [n(rutin):n(trypsin)] 2:1 280/334 54 280.18 0.55:1 230/334 104 511.28
6:1 280/334 54 111.66 0.55:1 230/334 104 203.13
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r=23.70 nm, r < 7 nm, which indicates that the energy
transfer from trypsin to rutin occurred with high
probability.

Conformation Investigation

To explore the structural change of trypsin by
addition of rutin, we measured synchronous
fluorescence spectra of trypsin (Fig. 6) with various
amounts of rutin.

The synchronous fluorescence spectra give
information about the molecular environment in
the vicinity of the chromosphere molecules. When
the D value (AA) between excitation wavelength
and emission wavelength was stabilized at 15 or
60nm, the synchronous fluorescence gave the
characteristic information of tyrosine residues or
tryptophan residues.® The effect of rutin on trypsin
synchronous fluorescence spectroscopy is shown in
Fig. 6. It is apparent from Fig. 6 that the emission
maximums of tryptophan residues do red shift,
which indicates that the polarity around the trypto-
phan residues was increased; however, the emission
maximums of tyrosine residues do blue shift, which
indicates that the hydrophobicity around the tyrosine
residues was increased.”® The conformations of
trypsin were changed while binding rutin. It is also
shown in Fig. 7 that the slope was higher when A4
was 60 nm, indicating that a significant contribution
of tryptophan residues in the fluorescence of trypsin,
rutin was closer to trytophan residues compared to
tyrosine residues.

The CD spectrum provides information of the frac-
tional content of different elements of secondary
structure and changes in the tertiary structure of
trypsin.””! In the presence of rutin, the spectrum of
trypsin is changed near 208 and 220nm, which
indicates that the random coil may be less with the
increase in o-helicity of trypsin (Fig. 8). The residual
CD spectrum following subtraction of the rutin
spectrum from the trypsin—rutin complex could be
due to any combination of conformational changes
in protein.[zgl

Total luminescence spectroscopy (TLS) techni-
ques permit specific fluorescence signatures to be
represented in a three-dimensional matrix or
excitation—emission matrix. The three-dimensional
fluorescence projections and the corresponding
contour spectra are shown in Fig. 9.

H.-M. Zhang et al.

Figure 9 presents the three-dimensional
fluorescence spectrum of trypsin (Fig. 9a), and
trypsin—rutin (Figs. 9b, 9¢). As shown in Fig. 9, peak
1 and peak 2 are the Raleigh scattering peak (Aex =
Aem) and the second-ordered scattering peak (Aey, =
2y, respectively.® In Fig. 9a, two other typical
fluorescence peaks can be easily observed in the
three-dimensional fluorescence contour map of tryp-
sin. Peak A mainly reveals the intrinsic fluorescence
of tryptophan and tyrosine residues. Besides peak
A, there is another new strong fluorescence peak
B, which can provide some clues for us to investigate
the characteristic of trypsin’s characteristic polypep-
tide backbone structure C=0."% Analyzing from the
intensity changes of peak A and peak B, they
decreased obviously in the same degree in the
trypsin—rutin system (Table 3). We can conclude that
the interaction of rutin with trypsin disturbed the
environment of the polypeptide of trypsin.

CONCLUSIONS

This article presents spectroscopic studies on the
interaction of rutin with trypsin by different optical
techniques. It was shown that the fluorescence of
trypsin has been quenched for reacting with rutin
and forming a new complex. The quenching
belonged to static fluorescence quenching, with
nonradiation energy transfer occurring within a sin-
gle molecule. The results revealed the presence of
a single class of binding site in the surrounding Trp
and Tyr residues at the interface of trypsin; hydro-
phobic and electrostatic interactions played a major
role in stabilizing the complex. The results of CD,
synchronous fluorescence spectroscopy, and three-
dimensional fluorescence spectra indicated that the
structure of these tyrosine and tryptophan residue
environments was altered and the secondary struc-
ture contents changed. The binding study of drugs
with proteins is of great importance in pharmacy
and pharmacology. This study is expected to provide
important insight into the interactions of new trypsin
inhibitors with proteinases.

ACKNOWLEDGMENTS

We gratefully acknowledge financial support from
the Natural Science Foundation of Education Depart-
ment of Jiangsu Province (Grant No. 07KJA18017),

190



02: 44 30 January 2011

Downl oaded At:

the Jiangsu Fundament of “Qilan Project,” and the

Scientific

Foundation of Yancheng Teachers

University.

191

REFERENCES

. Maliar, T.; Jedinak, A.; Kadrabova, J.; Sturdik, E. Structural aspects

of flavonoids as trypsin inhibitors. Eur. J. Med. Chem. 2004, 39,
241-248.

. Casa, C. L,; Villegas, I.; Alarcon de la Lastra, C.; Motilva, V.; Martin

Calero, M. J. Evidence for protective and antioxidant properties of
rutin, a natural flavone, against ethanol induced gastric lesions. J.
Ethnopharmacol. 2000, 71, 45-53.

. Yang, J. X;; Guo, J.; Yuan, J. F. In vitro antioxidant properties of rutin.

Food Sci. Tech. 2008, 41, 1060-1066.

. Tian, X,; Li, F. J.; Zhu, L.; Ye, B. X. Study on the electrochemical

behavior of anticancer herbal drug rutin and its interaction with
DNA. J. Electroanal. Chem. 2008, 621, 1-6.

. Hodnick, W. F.; Kung, F. S.; Roettger, W. J.; Bohmont, C. W.; Pardini,

R. S. Inhibition of mitochondrial respiration and production of toxic
oxygen radicals by flavonoids. A structure-activity study. Biochem.
Pharmacol. 1986, 35, 2345-2357.

. Mauludin, R.; Miller, R. H.; Keck, C. M. Development of an oral rutin

nanocrystal formulation. Int. J. Pharm. 2009, 370, 202-209.

. Koutsopoulos, S.; Patzsch, K.; Bosker, W. T. E.; Norde, W. Adsorption

of trypsin on hydrophilic and hydrophobic surfaces. Langmuir 2007,
23, 2000-2006.

. Pastukhov, A. V.; Levchenko, L. A.; Sadkov, A. P. Spectroscopic study

on binding of rutin to human serum albumin. J. Mol. Struct. 2007,
84, 60-66.

. Xi, J. Q.; Guo, R. Interactions between flavonoids and hemoglobin in

lecithin liposomes. Int. J. Biol. Macromol. 2007, 40, 305-311.

. Tian, X.; Li, F. J.; Zhu, L.; Ye, B. X. Study on the electrochemical

behavior of anticancer herbal drug rutin and its interaction with
DNA. J. Electroanal. Chem. 2008, 621, 1-6.

. Gayen, A.; Chatterjee, C.; Mukhopadhyay, C. GM1-induced structur-

al changes of bovine serum albumin after chemical and thermal
disruption of the secondary structure: A spectroscopic comparison.
Biomacromolecules 2008, 9, 974-983.

. Calabro, M. L.; Tommasini, S.; Donato, P.; Stancanelli, R.; Raneri, D.;

Catania, S.; Costa, C.; Villari, V.; Ficarra, P.; Ficarra, R. The rutin/
B-cyclodextrin interactions in fully aqueous solution: Spectroscopic
studies and biological assays. J. Pharmaceut. Biomed. 2005, 36,
1019-1027.

. Lakowicz, J. R. Principles of Fluorescence Spectroscopy; Plenum Press:

New York, 1999.

. Wang, Y. Q.; Zhang, H. M.; Zhang, G. C.; Tao, W. H.; Fei, Z. H.; Liu,

Z. T. Spectroscopic studies on the interaction between silicotungstic
acid and bovine serum albumin. J. Pharmaceut. Biomed. 2007, 43,
1869-1875.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

. Zhang, H. M.; Wang, Y. Q.; Jiang, M. L. A fluorimetric study of the

interaction of C.I. Solvent Red 24 with haemoglobin. Dyes Pigments
2009, 82, 156-163.

. Lehrer, S. Solute perturbation of protein fluorescence. Quenching of

the tryptophyl fluorescence of model compounds and of lysozyme by
iodide ion. Biochemistry 1971, 10, 3254-3263.

. Xiao, J. B.; Shi, J.; Cao, H.; Wu, S. D.; Ren, F. L.; Xu, M. Analysis of

binding interaction between puerarin and bovine serum albumin by
multi-spectroscopic method. J. Pharmaceut. Biomed. 2007, 45,
609-615.

. Ross, P. D.; Subramanian, S. Thermodynamics of protein association

reaction: Forces contribution to stability. Biochemistry 1981, 20,
3096-3102.

. Wang, J. T.; Wu, Q. H.; Wang, C.; Ma, J. J.; Zang, X. H.; Yang, X. M.;

Qin, N. X. Study of the interaction of fangchinoline with human
serum albumin by fluorescence and UV spectroscopic method.
Spectros. Lett. 2008, 47, 128-135.

Li, W. X,; Jiang, X. Y. Interaction between isoquercitrin and bovine
serum albumin by a multi-spectroscopic method. Spectros. Lett.
2009, 42, 210-216.

Jovanovic, S. V.; Steenken, S.; Tosic, M.; Marjanovic, B.; Simic, M. G.
Flavonoids as antioxidants. J. Am. Chem. Soc. 1994, 1176,
4846-4851.

Bi, S. Y.; Song, D. Q.; Ding, L,; Tian, Y.; Zhou, X.; Liu, X. Molecular
spectroscopic study on the interaction of tetracyclines with serum
albumins. Spectrochim. Acta 2005, 67, 629-636.

Sklar, L. A.; Hudson, B. S.; Simoni, R. D. Conjugate polyene fatty
acids as fluorescent membrane probes. Biochemistry 1977, 16,
5100-5108.

Stratikos, E.; Gettins, P. G. W. Formation of the covalent serpin-
proteinase complex involves translocation of the proteinase by more
than 70 A and full insertion of the reactive center loop into f-sheet A.
Proc. Natl. Acad. Sci. USA 1999, 96, 4808-4813.

Abert, W. C.; Gregory, W. M.; Allan, G. S. The binding interaction of
Coomassie Blue with protein. Anal. Biochem. 1993, 213, 407-413.
Wang, Y. Q.; Zhang, H. M.; Zhang, G. C,; Liu, S. X.; Zhou, Q. H.; Fei,
Z. H. Studies of the interaction between paraquat and bovine
hemoglobin. Intl. J. Biol. Macromol. 2007, 41, 243-250.

Ghosh, S. Interaction of trypsin with sodium dodecyl sulfate in
agueous medium: A conformational view. Colloids and Surfaces B:
Biointerfaces 2008, 66, 178-186.

Rudd, T. R.; Nichols, R. J.; Yates, E. A. Selective detection of protein
secondary structure changes in solution protein—polysaccharide
complexes using vibrational circular dichroism. J. Am. Chem. Soc.
2008, 730, 2138-2139.

Zhang, Y. Z.; Chen, X. X.; Dai, J.; Zhang, X. P.; Liu, H. X_; Liu, Y. Spec-
troscopic studies on the interaction of lanthanum(lll) 2-oxo-propionic
acid salicyloyl hydrazone complex with bovine serum albumin.
Luminescence 2008, 23, 150-156.

Glazer, A. N.; Smith, E. L. Studies on the ultraviolet difference
spectra of proteins and polypeptides. J. Biolog. Chem. 1961, 236,
2942-2947.

Interaction Between Rutin and Trypsin



