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Abstract : Thereaction mechanismof Mélizideto bovine

serum albumin wasinvestigated by both fluorescence quench-
ing and synchronous fluorescence spectroscopy in different
temperature (293, 303 and 310 K). The results demonstrated
that Melizide caused strong fluorescence quenching of bo-
vine serum al bumin by a dynamic quenching mechanism, dur-
ing which the hydrophobic interaction played adominant role
in this system. And the order of magnitudes of binding con-
stant is 10% the number of binding site in the system was

INTRODUCTION

Astheimprovement of human living conditionsand
thechangeof diet, didbeteshasbecome*“the third biggest
killer” after the tumor and cardio-cerebrovascular disease
which endangers human’s health. Melizide is an oral
hypoglycemic agent which belongs to the second-
generation sulfonylureas?. Itsstructurewas shownin
Figure 1. Méelizideis used for the treatment of typell
diabetes, candirectly stimulatetheid et cellsand make
them rd eeseendogenousinaulin, thereby reducing blood
glucoselevesand glycosylated hemoglobin. Thestudy
of the interaction between proteins and endogenous
compounds aswell asmany drug moleculeshasbeen
attracting the attention of people. Studing thebinding
mechanism of protein-ligands has very important
ggnificancefor thelifesciences, chemigry, pharmacol ogy
and clinical medicine. Theinteraction between bovine

closed to 1. It also showed that the primary binding site for
CFS was sub-hydrophobic domain I1A. The UV-Vis absorp-
tion spectra also showed that the quenching process is dy-

namic quenching. © Trade Sciencelnc.

K eywor ds : Bovine serum albumin; Melizide; Fluores-

cence quenching spectrometry; Synchronous fluorescence
spectroscopy; Interaction.
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Figurel: Chemical structureof melizide
serum abumin (BSA) and various drugs has been
reported numeroudy>3. However theinteraction between
Mélizideand BSA hasnot yet been reported.
EXPERIMENTAL

Apparatusand materials
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a.Apparatus

All fluorescence spectra were recorded with a
Shimadzu RF-5301PC spectrofiuorophotometer.
Absorption was measured with an UV-Visrecording
gpectrophotometer (UV-265, Shimadzu, Japan). All pH
measurements were carried out with a pHS-3C
precision acidity meter (Leici, Shanghai, China). All
temperatureswere controlled by aCS501 superheated
water bath (Nantong Science Instrument Factory).

b. Materials

BSA was purchased from Sigma-Aldrich (purity
gradeinferior 99%, Shanghai, China). Stock solutions
of Melizide standard substance (CA S#, 29094-61-9)
(5.6 % 10°M) and BSA (1.0 x 10° M) were prepared.
All thestock solutionswerefurther diluted asworking
solutionsprior touse TrisHCI buffer solution containing
NaCl (0.15M) wasused to keep the pH of the solution
at 7.40, and NaCl solution was used to maintain the
ionic strength of thesolution. All other reagentswere of
andytica grade, anddl aqueoussolutionswereprepared
with fresh double-distilled water and stored at 277 K.

Thefluorescenceintensitieswere corrected for the
absorption of excitation light and re-absorption of
emitted light to decrease the inner filter using the
following reationship:

Feor = Fobsx glhectAm)/2 @)
Where F_ and F _are the corrected and observed
fluorescenceintensities, respectively, and A, and A
aretheabsorbance vauesof Médlizideat excitation and
emission wavel engths, respectively. Thefluorescence
intensity used inthisarticlewas corrected.

Procedures

1 Fluor escence measur ements

Inatypica fluorescence measurement, 1.OmL Tris-
HCI (pH =7.40), 0.3mL BSA solution (1.0 x 10°M)
and different concentrations of Melizide were added
into 20 mL colorimetric tube successively. Thesamples
were diluted to scaled volume with double-distilled
water, mixed thoroughly by shaking, and kept static for
40 min at different temperatures (298, 303 and 310
K). The excitation wavelength for BSA was 280 nm
and 295 nm, respectively, with a1.0 cm path length
cdl. Theexcitationand emissonditsweresetat 5 nm.
The solution was subsequently scanned on the

fluorophotometer and determined the fluorescent
intengity at 340 nm.

2 Synchronousfluor escence measur ements

Solution preparation was as detailed above. We
recorded the synchronousfluorescence spectraof the
BSA-Médlizide system whentheA4 va uebetweenthe
excitation and emission wavel engthswas stabilized at
15 and 60 nm, respectively.

3 UV-Visabsor ption measurements

1.0mL Tris-HCI (pH =7.40), 2.0mL BSA solution
(1.0 x 10° M) and different concentrationsof Mdlizide
wereadded into 10 mL colorimetric tube successively.
Thereferencewasdifferent concentrationsof Mdizide
solution. The sampleswere diluted to scaled volume
with double-didtilled water, mixed thoroughly by shaking,
and kept static for 40 min at 298 K. The UV-Vis
absorption spectraof BSA inthepresence and absence
of Médlizidewererecorded with 1.0 cm quartz cdllsin
therangefrom 190 nmto 350 nm.

RESULTSAND DISCUSSION

Fluorescence quenching mechanism studies of
BSA-Médlizide system

Fluorescence quenching measurement is an
effective method for studying the binding interactions of
proteinwith ligand at amolecular level™. A variety of
molecular interactions can result in fluorescence
quenching of excited statefluorophores. Theseinclude
molecular rearrangement, energy transfer, ground state
complex formation and collision quenching®. BSA is
considered to haveintrinsic fluorescence dueto the
presence of amino acids, mainly tryptophan and
tyrosine. Whenthe excitation wavelengthwas 280 nm
(or 295 nm), BSA had astrong fluorescence emission
peak at 340 nm. The fluorescence spectra of BSA-
Mélizidesystem (4, =280 nm) wasshownin Figure2
(it was similar to 295 nm), which showed that the
fluorescenceintensity of BSA decreased regularly with
theaddition of Mlizidewhentheexcitation wavelength
was 280 nm (similar to 295 nm). Thisresult showed
that Mdizidecould quenchtheintring cfluorescence of
BSA andthat therewasaninteraction between Mdizide
and BSA. The fluorescence quenching is usually
classified as dynamic quenching and static quenching,
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Figure2: Fluorescence spectraof BSA-Melizidesystem (T
=293K, _ =280 nm)

dynamic quenching constant increases with the
increasing temperature while the static quenching
constant decreases. To confirm the quenching
mechanism, the fluorescence quenching data were
andyzed using the Stern-Volmer eqn (2)®:

Fol F=1+Kto[L]=1+K g/ [L] @)
Where, F and F represent thefluorescencesignalsin
the absence and presence of quencher, respectively. z,
istheaveragelifetimeof fluorescencewithout quencher,
whichisabout 10%s. K isthe Stern-Volmer quenching
constant. K, isthebimolecular quenching constant, and
[L] isthe concentration of the quencher. According to
egn (2), based onthelinear fit plot of F /F versus|[L],
theK valuescan beobtained. Theresultswere shown
iNTABLE 1. TABLE 1 showed that, thevaluesof K
increased with increasing temperaturein all systems.
Asweall know, higher temperaturewill increasethe
diffusion coefficient, and then increasethe bimolecul ar
quenching constant K . Thiscan beinferred that the
processisdynamic quenching. Inaddition, dl thevaues
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of K [ were much greater than the maximum scatter
collisonquenching congtant values of variousquenchers
(2 x 10 L mol? s?) in different temperature. The
measured values of K, is larger may be affected by
ionic strength™,

Thereationship betweenthefluorescenceintensity
and the concentration of quencher can usually be
described using egn (3) to obtain the binding constant
(K,) and the number of binging sites (n)(*:
log(Fy/F-1)=nlogK , +
nlog{[L]-n(1~F/Fy)[B,]} ®

Where[L] and[B] arethetotal concentrations of
Mélizideand protein, respectively. On theassumption
that ninthebracket isequal to 1, thecurveof log(F /
F-1) versus log{[L]-n(1-F/F)[B]} is drawn and
linearly fitted, then theval ue of n can be obtained from
thedopeof theplot. If thevalueof nisnot equal to 1,
itissubstituted into the bracket and thecurveof log(F /
F-1) versuslog{ [L]-n(1-F/F )[B]} isdrawvnagain. This
processisrepeated again and againtill asinglevaueis
obtained for n. On the basisof thevalue of nobtained,
thebinding constant K can also be determined. The
calcul ation can be compl eted using acal cul ator based
on the simple program devel oped, and theresultscan
be obtained by substituting valuesof F, [L], and [B].
Theresultswereshownin TABLE 1. Theresultsshowed
that al thevaluesof nwere gpproximately equal to 1 at
different temperatures, implying that therewasjust one
binding sitefor MelizideexistedinBSA. Theresults
wereshown in TABLE 1. Theresults showed that all
thevauesof nweregpproximately equal to 1 at different
temperatures, implying that therewasjust onebinding
gteforMdizideexigedin BSA. Meanwhile, thebinding
constant between Melizideand BSA increased with
increasing temperature, which indicated that high

TABLE 1: Quenchingreactive parameter sof BSA and M dlizideat different temperatures

Jed(NM) T/IK Ky/(L-mol *s™) Kg/(L -mol™) r KJ/(L-mol ™) n ry
293 1.64x10% 1.64x10* 0.9960 1.45x10* 0.86  0.9960
280 303 3.04x10% 3.04x10* 0.9961 3.09x10* 0.89  0.9940
310 3.91x10% 3.91x10* 0.9932 4.51x10* 0.80  0.9989
293 1.24x10% 1.24x10* 0.9925 1.17x10* 0.85 0.9936
295 303 2.20x10% 2.20x10* 0.9963 2.20x10* 0.83 0.9958
310 2.72x10% 2.72x10* 0.9932 2.96x10* 0.80 0.9947

insthe guenching rate constant; K is the binding constant; n is the number of binding site. r, isthe linear relative coefficient

of F/F~[L]; r,isthe linear relative coefficient oflog(F/F-1) ~log{[L]-n(1-F/F)[B I}
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temperature enhanced the collision of BSA and
Mélizide, further suggesting that the quenchingwasa
dynamic process*2.

To further confirm the quenching mechanismis
dynamic quenching, the UV-Vis absorption spectraof
BSA in the presence and absence of Méelizide were
measured intheTris-HCI buffer solutionwithpH =7.4.
Theresult showed that the UV-Vis absorption spectra
of BSA inthe presenceof Mélizidewere not changed,
which showed that thefluorescence quenching between
BSA and Mélizide is not caused by the interaction
between the ground state mol ecul es. So, thequenching
processisnot static but dynamic quenching*3.

The influence of Melizide to tryptophan and
tyrosineof BSA

For the same protein, the fluorescence effect is
generated by thechromophoresof tryptophan, tyrosine
and phenylalanine amino acid residues?l. Because
amino acid resdues havedifferent chromophores, their
fluorescence excitation and emissionwavelengthsare
also different. At 280 nm wavel ength the tryptophan
andtyrosineresiduesin protein areexcited, whereasat
295 nm wavelength, only tryptophan residues are
excited™, In bovine serum a bumin sub-hydrophobic
domain, I1A (containing both tryptophan and tyrosine)
and 1A (containingonly tyrosine) arethemgjor binding
sitesof small-moleculeligands?®l. Based onthe Stern-
Volmer equation, participation of tyrosine and
tryptophan groups in BSA-Mé€lizide system was
assessed by comparing thefluorescence quenching of
BSA excited at 280 and 295 nm, and then to determine
the specific binding sité*”. Figure 3 showed that inthe
presence of Melizide, the quenching curves of BSA
excited at 280 and 295 nm did not overlap, and that
thequenching curveof BSA a 280 nmwasmuch gregter
than that at 295 nm. This phenomenon showed that
tryptophan and tyrosineresidueswere essential inthe
interaction between Melizideand BSA. Inaddition, it
implied that the primary binding sitefor Melizidewas
sub-hydrophobic domainl1A.

Synchronousfluor escence spectrastudiesof BSA-
Melizid system

For synchronousfluorescence spectraof proteins,
when theA/ va ue between the excitation and emission
wavelengths is stabilized at 15 or 60 nm, the
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Figure3: Quenching curvesof BSA-Meélizidesystemat 4
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Figure 4 : Synchronous fluorescence spectra of BSA-
Melizide system (T =293 K)
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synchronous fluorescence gives characteristic
information for tyrosineres duesor tryptophan res dues,
respectively*®. The study of crystal structure shows
that the secondary structure of BSA includesthree a-
helical domainswhicharecalledl, Il and11l. And each
domainisdividedintotwo sub-domanswhicharecdled
A and B. Therearethreebinding sites of thedrugson
theBSA, oneislocatedinthedomain | A (containing
thetyrosineand tryptophan residues), a the sametime,
theother two arelocatedin |l A (only containstyrosine
residues)i*¥. Fixed theconcentration of BSA, increasing
the concentration of Mdizidegradudly, thesynchronous
fluorescence spectroscopy of BSA-Méelizide system
was shown in Figure4. It can be seen from Figure 4
that when A4 was 15 nm or 60 nm, agradual decrease
of thefluorescenceintensity of BSA and aslight red
shift at the maximum emission wavelength were
observed upon addition of Mdlizide. Thisincated that
the microenvironment of tyrosine residues and
tryptophan residue were both changed, the polarity
around thetryptophan residuesand thetyrosineresidues
increased, the hydrophobicity decreased®, the
extension degree of the peptide chain increased and
the structure of proteinsbecame loose?!. Theresult
showed that tryptophan and tyrosineres dueswere both
involvedinthereaction, the primary binding sitefor
Mélizidewassub-hydrophobicdomain I1A. Thisisin
accordance with theresults obtained from 3.2.

In addition, synchronous fluorescence
spectroscopy can be used to calculate the binding
parameters. The corresponding resultsfor A1 =60 nm
and A/ = 15 nm, according to egn (2) and (3), were
shownin TABLE 2. The obtained datacan beused to
estimate the quenching mechanism of BSA-Mélizide
system. From TABLE 2 it can be seenthat the values
of K, increased with theincreaseintemperatureinal
systems, indicating that the probable quenching
mechaniam of theinteraction between BSA and Mdizide
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being adynamic process. Theva ue of napproached
unity, indicating that onemoleculeof Mdizidecombines
withonemoleculeof BSA. Thevaluesof K increased
regularly with increasing temperature, which aso
indicated that the processwas dynamic quenching. The
guenching mechanism obtained using the synchronous
fluorescence method was coincident with that obtained
using thetraditional fluorescence quenching method,
which confirmed the accuracy of synchronous
fluorescence spectrometry.

Typeof interaction forcein BSA-Mdizidesystems

In generd, theinteraction forcesbetween asmall
drug moleculeand abiological macromoleculeinclude
hydrogen bonds, Vander Waal’s force, electrostatic
interactions and hydrophobic force??. Generaly, the
nature of theinteraction forces between the quencher
and biomacromolecule can be obtained from the
thermodynamic parameters. The thermodynamic
parameters can becd culated on thebasisof Van’t Hoff
equation®:;

AH AS

K, =——+—
& RT R “)
AG = AH - TAS=-RTInKa (5)

Where, AH and ASrepresent the standard variation of
the enthal py and, respectively, entropy of the binding
process. Risthe gas constant (R=8.314 Jmol* K1).
T istheabsolutetemperature. From the thermodynamic
standpoint, AH > 0 and AS> 0 imply ahydrophobic
interaction. AH <0and AS< Oreflect thevander Wadls
force or hydrogen bond formation. AndAH <0andAS
> 0 suggest an electrostatic force?!. When the
temperature varies over a small range, AH can be
considered to be constant’®!. According to egn (4),
(5), thevaues of AH, ASand AG can be obtained at
eachtemperature, and werelistedinTABLE 3. Ascan
be seenfrom TABLE 3, thevalue of AG wasnegative,
andthevaueof AH andASwerepositive. Thenegetive

TABLE 2: Quenchingreactive parameter sof BSA and M dlizideat different temperatures

AAl(nm) TIK Ko/(L mol™s™) Ke/(L smol™) r KJ/(L-mol™) n r
293 1.15x10% 1.15x10* 0.9934 1.35x10* 0.88  0.9963
15 303 1.65x10% 1.65x10" 0.9951 2.38x10* 090  0.9962
310 2.11x10" 2.11x10* 0.9936 3.02x10* 0.82  0.9958
293 1.84x10% 1.84x10* 0.9987 1.75x10* 0.87 0.9991
60 303 3.26x10% 3.26x10" 0.9975 3.35x10* 0.91 0.9954
310 3.98x10% 3.98x10" 0.9922 4.85x10* 0.92 0.9995
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TABLE 3: Thethermodynamic parameters

T/(K) Ka/ (L-mol™) AH /(K J-mol'®) AS/(J-mol™-K™) AG /(K J-mol ™)

293 1.45x10* 253.17 -23.34

Jex =280 NM 303 3.09x10* 50.84 253.73 -26.04
310 4.51x10* 253.10 -27.62

293 1.17x10* 220.07 -22.82

Jex =295 NM 303 2.20x10* 41.66 220.63 -25.19
310 2.96x10* 220.00 -26.54

293 1.35x10* 202.83 -23.17

A 4=15nm 303 2.38x10* 36.26 203.47 -25.39
310 3.02x10* 202.74 -26.59

293 1.75x10* 236.48 -23.80

A =60nm 303 3.35x10* 45.49 236.77 -26.25
310 4.85x10* 236.45 -27.81

va ueof AG confirmed aspontaneousreaction between
BSA and Mdlizide. Thepositivevalue of AH and AS
showed that Melizide mainly bound to BSA by a
hydrophobicinteraction. Theconclusionsdrawnfrom
the synchronous fluorescence method were consi stent
withthetraditional fluorescence quenching method.

Inaddition, AH > 0 indicated that the process of
the interaction between BSA and Melizide was
endothermic. Therefore, in this reaction, high
temperaturewill promotetheinteraction of BSA and
Melizide. From the perspective of fluorescence
guenching, asthetemperatureincreases, the extent of
BSA fluorescence quenching enhanced, the val ues of
K, increased. This was coincident with the result
obtained from 3.1.

CONCLUSIONS

Theinteraction between Melizideand BSA under
smulated physologica conditionshad beeninvestigated
using fluorescence quenching and synchronous
fluorescence spectroscopy in thisstudy, which used the
same eguation for processing the data. We could see
that all dataobtained using both the methodswerein
thesameorder of magnitudeand very smilar, showing
the gquenching mechanism and the type of interaction
force of two methodswere consistent. Thisindicated
synchronous fluorescence spectrometry was a new
method of studying thebinding mechanismbetweendrug
and protein, and it was a useful supplement to the
conventiona method. It is of great significance to study

the transportati on and metabolism progress of drugs
and reveal the essence of thedrug efficacy, especially
thephysiologica toxicity of drugsonthe human’s body.
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