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ABSTRACT

Baicalin is a widely used compound in Chinese tradal medicine and exhibits many pharmacologiczthaties.
Under simulated physiological conditions, the iaigtion between baicalin and human serum albumin({i8ad
been investigated by fluorescence spectroscoptcavidlet spectrum(UV), Fourier transform infrarddi-IR),
circular dichroism(CD) and molecular modeling. Thesults indicated that baicalin caused a static mgheng of
intrinsic fluorescence of HSA. The binding constawere 1.28x10and 0.91x16 L-mol* at 299 and 309 K
respectively. The thermodynamic analysis founcetitbalpy change4H) and the entropy changd$) were -26.2
kJ-moftand 10.1 J-mé&tK* respectively, which suggested that hydrophobic ttis predominant forces in the
baicalin-HSA complex. The alterations of proteinmedary structure in the presence of baicalin in@ous solution
were estimated by the evidences from CD and FTHiRe results from synchronous fluorescence indicated
microenvironment around tryptophdfrp) had a slight trend of polarity increasing. Moular modeling suggested
baicalin waslocated in subdomaihlA by hydrophobic forces which was agreed well with the corresponding
experimental results.
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INTRODUCTION

Human serum albumin (HSA), the most abundant prateblood serum, acts as a disposer and transpafrteany
endogenous and exogenous compounds [1-5]. HSA bimisnber of endogenous compounds such as uniesterif
bile acids, fatty acids, and bilirubin. HSA alsad many xenobiotics such as drugs. The studiesugf-protein
interacting have a important effect on the distilny free concentration and the metabolism ofwgydn the blood
stream. Therefore, studying the interaction ofv@ctomponents in Chinese herbs with HSA has magmhlemical
importance and can be used as a model for gainimggimental insights into drug-protein interactions.

Baicalin (Scheme 1), one of flavonoid compound,aistraditional Chinese medicine. Like other flavahoi
compounds, this drug has a broad spectrum of bizdbgctivities such as antioxidant activity [6fepentive effect
against ischemic stroke [7], antipyretic effectd. [ also has important therapeutic applicationghs as a
prophylactic agent for heatstroke and protect agagerebrovascular dysfunction and brain inflamarmatin
heatstroke [9].
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Figl. Chemical structure of baicalin

To better understand the pharmacological activitiebaicalin at molecular level, we investigatee thteraction
between baicalin and HSA by different spectroscop@hods such as fluorescence spectroscopic (R&jyialet
spectroscopy (UV), Fourier transform infrared (IRI;l circular dichroism (CD). Binding parameters w&er
calculated and binding mode was discussed. Theidocaf baicalin on HSA was identified by molecutircking.

EXPERIMENTAL SECTION

2.1 Materials and chemicals

Human serum albumin (HSA, fatty acid free <0.05%)swurchased from Sigma Chemical Co. Baicalin 0%9.
was purchased from the National Institute for Caingf Pharmaceutical and Bioproducts, China, arel dtock
solution(1x10°mol-L™) was prepared in ethanol. All HSA solution waspared in the pH 7.40 buffer solution and
stored in refrigerator prior to use. Tris-HCI buff@.20mol- %, pH 7.40) containing 0.10mol-iNaCl was prepared.
All other reagents and solvents were of analytiealgent grade. All aqueous solutions were prepased) newly
double-distilled water.

2.2 Apparatus and methods
The UV absorption spectra of the baicalin-HSA witincentrations of baicalin from 0 to 2.4 x1énol- L™ were
recorded on a UV-1700 spectrophotometer (Shimadzpdzation, Japan) from 200-500nm.

A Nicolet Nexus 670 FT-IR spectrometer (America)-IRTwas used to measure the spectra of baicalin-HSA
Spectra were taken with resolution of 4tand 60 scans. Spectra processing proceduresrapédiuffer solution
were collected at the same condition. Then, subthecabsorbance of buffer solution from the s@eofr sample
solution to get the FT-IR spectra of proteins. Hubtraction criterion was that the original speciraf protein
solution between 2200 and1800 twas featureless [10].

Circular dichroism (CD) measurements were carrigidom a JASCO J-820 automatic recording spectrojpodder
(Japan) using a 3Qd cell. Data were recorded from 200-250 nm wittcarsspeed of 100 nm/min. HSA was mixed
with different concentration of baicalin before theeasurement and the concentration of HSA was aiaed at
3x10°®mol- L™

Fluorescence spectra of HSA were recorded on a R®EMC fluorescence spectrometer (Shimadzu Corpotati
Japan) from 300-500 nm at an excitation wavelendtd80 nm with different concentration of drug aference.
Synchronous fluorescence spectra of HSA in theratesand presence of increasing amount of baic@in@x10°
mol- L ™) were recorded.

The program AutoDock 3.05 was used in this docléhgly, in which Lamarckian genetic algorithm wasdiso
search for the optimum binding site [11]. The caystructure of HSA in complex with Dig (digitoxinyas taken
from the Brookhaven Protein Data Bank (entry catledz)

[12].The potential of the 3-D structure of HSA wassigned according the Amber 4.0 force field with
Kollman-all-atom charges. The initial structures af the molecules were generated by molecular ihugle
software Sybyl 6.9. During docking process, a maximof 10 conformers was considered for the druge Th
conformer with the lowest binding free energy wasdifor further analysis.

RESULTS AND DISCUSSION
3.1 Change of HSA secondary structure induced maba
Fig. 2 showed the UV absorption of HSA in the alsseaind presence of baicalin. As shown in Fig. 2AH&d two

absorption peaks at 211 and 278nm. The absorpfi¢#Sé at 211 nm represented the contentudfelix in the
protein [13]. With adding baicalin to HSA, the aldsance intensity at 211 nm was decreased, whicicatetl a
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perturbation ofi-helix induced by a specific interaction betweertalin and HSA.
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Fig2. UV absorbance of HSA with different concentréions of Fig3. CD spectra of HSA-baicalin
baicalin Chsa=3%10° mol-L*
Crsa=3x10°mol.L* 1-2: Chaicaiin/ Cusa= 0,1

1-4: Chaicaiin/Crsa=0,1,5,8

To ascertain the possible influence of drug bindinghe secondary structure of HSA, CD studies weréormed

in the presence of different concentrations of &laic The result (in Fig. 3) of CD showed that HBAd two
negative binds in the far UV region at 208 and 829 which were typical characterizationhelix structure in
protein [14]. The negative peaks between 208 -209and 222-223 nm are contributed tantransfer for the
peptide bond ofi-helical. In the presence of baicalin, the intgnsif negative binds at 208 nm was increased,
without any significant shift of peaks. The resdtgygested structure of HSA was also predominantglix. The
a-helix contents of free and combined HSA were dated using the flowing equation [15]:

g,
= 1
L6] C, xnx|x10
a — helix(%) = ~[0120 4000, 5 2)

3300(-400(

whereCp is the concentration of protein,is the number of residues in protein (HAS, 5853, the path length (0.1
cm). According to the calculated results, thielix contents of HSA were 41.77% and 43.94% i molar ratio
baicalin—HSA of 0:1 and 1:1 respectively. It suggdsthat binding of baicalin to HSA had slightlytesbd the
secondary structure of the protein.

Additional evidence regarding the baicalin-HSA cafrean FT-IR spectroscopy results obtained for dpugtein
complexes. Fig.4 showed the FT-IR spectroscopy®Alih the absence and presence of baicalin. As showig.4,
the peak position of amide | band (1670"%rand amide Il band (1529 ¢hin the HSA infrared spectrum had shift
to 1666 crit and 1525 cmrespectively. The peak shapes of them were alsngeta These indicated that the
secondary structure of HSA is changed.
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Fig4. FT-IR spectra of HSA and different spectra oHSA after binding with baicalin
(@HSA (b) HSA-baicalin

3.2 Conformational changes investigated by synadusriluorescence

Synchronous fluorescence is a useful tool to ingatt the microenvironments around the fluoroptfaretional
groups. The fluorescence of HSA witth (AA=AenAex) Of 60 and 15 nm are characteristic of tryptophay)(and
tyrosine(Tyr) respectively[16]. As shown in FigWwith the addition of baicalin, the fluorescenceeimdity of Tyr
(Fig. 5b) was weak and no shift of maximum emissi@velength X..) was observed. The fluorescence intensity
of Try (Fig. 5a) was weak and th, shifted from 338 to 341 nm. According to repoftgaxat 330-332 nm
indicated the Try residues were located in an apelgion, namely they were buried in a hydrophdiauity. The
Amax @t 350-352 nm showed Try residues were exposedater, namely the hydrophobic cavity in HSA was
disagglomerated and the structure of HAS was lodsgishown in Fig.5, the result of red shift)of,,suggested
baicalin bound to a hydrophobic cavity in HAS ahé tpolarity around Try increased while the hydrdpbity
decreased.
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Fig5. Synchronous fluorescence spectra of HSA (=60 nm; (b) Ax=15 nm
CHSA=:|-><108 mol- Lrl; 1-5:Chaicaiin/ Cusa=0,1,3,5,7

3.3 Analysis of fluorescence quenching of HSA lgelia

As shown in Fig.6, when the excitation was 280 nhg fluorescence intensity decreased gradually taed
maximum emission wavelength showed a red shift f88mMto 344 nm, with the addition of baicalin. Tdqwenching
indicated the binding of baicalin to HSA. The rehiftsof the maximum emission wavelength suggestesl t
hydrophobicity in HSA decreased.
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Fig6. Fluorescence quenching spectra of baicalin-HS
1-9: Cpaicain/ Cusa=0, 0.5, 1.0, , 2.0, 3.0, 4.0, 5.8.0, 7.0
Chsa =1.0x10°mol-L™*

Stern-Volmer equation was used to analyze the nmstmaof fluorescence quenching by baicalin[17]:

% =1+K,,C, (3)

where i and F are the fluorescence intensities in theralgsand presence of baicalin,i€the drug concentration,
Ksvis the quenching constant. According to Eq. (3),cateulated the value ofdg(Tablel). As shown in table 1,
the value of Ky was decreased with increasing of temperature,dicating a static quenching mechanism by the
specific interaction of baicalin with HSA.

Table 1 The Stern-Volmer Ksy of the baicalin-HSA system

TIK R? Ksy (1C° L-moft)
299 0.9916 2.48
309 0.9949 1.95

3.4 Binding constant
To get the binding constant, quenching data froenflillorescence titration were analyzed accordintiéoequation
(4) [18]:

lg [(Fe-F)/F] =IgK + nig[Q] (4)

where i and F are the fluorescence intensities in theradgsand presence of baicalin, [Q] is the drug cotragon,
K and n are the binding constant and number ofibindites, respectively. The results in Table2datid that the
binding between baicalin and HSA was very strong.

Table2 Binding parameters and thermodynamic paramedrs of baicalin-HSA

T/K K10 n R AH/(kJ-mol)  AS/(J-mof-K?)  AG/(kJ-mof)
299 128 0.94 0.9913 -23.2
300 091 092 09979 202 10.1 -23.1

3.5 Thermodynamic analysis and the binding force

The molecular forces contributing to drug-proteinding process included van der Waals forces, tyeindbonds,
electrostatic and hydrophobic interactions. Acaogdio the data of enthalpy changéH) and entropy changé§),

the molecular forces of interaction between a @mg protein could be concluded. If the enthalpkemnge AH) did

not vary significantly over the temperature rangglied, then thermodynamic parameters could bameated from
the vart Hoff equation.

InK = -AH/RT +AS/R (5)
AG =AH — TAS (6)

where K is the binding constant at correspondingpirature and R is the gas constant. The thermatgna
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parameters for the interaction of baicalin with H&é&re shown in Table 2. The negative signA@ meant that the
interaction process was spontaneous. A positiSevalue indicated that hydrophobic forces mighy@ major

role in the binding of baicalin to HSA [19]A negativeAH value indicated electrostatic forces might existhe

binding of baicalin to HSA. Meanwhile, it was foutttht the major contribution taG arised from the\H rather

than fromAS. Thus the hydrophobic interaction might play gameole in the binding baicalin to HSA.

3.6 Molecule modeling

Autodock3.05 was applied to deduce the right gite iateraction forces of baicalin binding to HSAs 8hown in
Fig.7, baicalin bound to the drug site | locatedubdomain IlA. The baicalin moiety was locatedhivitthe binding
pocket and the A- and C-rings were practically aopt. It was worth noting that the Trp214 residiel®A was in
close proximity to the A-ring of baicalin suggestithe existence of hydrophobic interaction betwdem. The
finding also explained the reason why the efficiltabrescence quenching of HSA emission in the gwes of
baicalin. The calculated binding Gibbs free enefg$) was -20.9 kJ-md| which was agreed well with the
experimental data (-23.2 kJ- il

Fig.7 Molecular docking of the baicalin-HSA complexonly residues around 8 A the ligand are displayed
The hydrogen bonds are shown by broken lined

CONCLUSION

By spectroscopic and modeling methods, the intenadtetween baicalin and HSA had been investigatedker
simulative physiological conditions. Experiment&sults showed that the intrinsic fluorescence ofAH&as
guenched through static quenching mechanism. Thétsealso suggested that binding of baicalin t&\k®luced a
conformational change of HSA and a slight incraase-helical contents. The microenvironment around Hgb
became less hydrophobic according to data fromhspmous fluorescence. Molecule modeling resulticatdd the
binding site was located in a hydrophobic cavitamthe drug binding site I. The work provides sovatuable
information for the transportation and distributiohbaicalin in vivo, which is helpful for clarifyig toxicity and
dynamics of baicalin.
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