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ABSTRACT

Under simulated physiological conditions (pH = 7.4), the reaction mecha-
nism between aspirin and bovine serum albumin (BSA) at different tem-
peratures (293 K, 303 K, 310 K) wasinvestigated by the fluorescence spec-
troscopy (method 1) with focus on the fluorescence change of protein, as
well as the fluorescence spectroscopy (method 2) with focus on the fluo-
rescence change of drug. The results indicated that the electrostatic force
played an important role on the conjugation reaction between aspirin and
BSA. The binding constant obtained from method 2 was larger than the
one obtained from method 1 by two orders of magnitude for the aspirin-
BSA system. Thisindicated that the method 2 with focus on the fluores-
cence change of drug was a more accurate and more reasonable method.
At last the correctness of method 2 was verified by UV-vis absorption
spectroscopy and synchronous fluorescence spectroscopy with focus on

KEYWORDS

Fluorescence spectroscopy;
Aspirin;
Bovine serum albumin;
Interaction.

the fluorescence change of drug.

INTRODUCTION

Thefluorescence spectroscopy (method 1) with
focuson thefluorescence change of protein studiesthe
reaction mechanism of small moleculedrugsand pro-
teins, by studying the change of fluorescenceintensity
of proteinat themaximum emissionwave ength before
and after adding thedrugsaswell asthe derived bind-
ing constants, binding sites and the donor-to-acceptor
distance etc between proteins and drugs*3. Protein
conssts20kindsof amino-acidsand only aromatictryp-
tophan (Trp), tyrosine (Tyr) and phenylalanine (Phe)
emit fluorescenceand exhibitsdifferent fluorescencedue
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to their individual chromophore (side groups). In
method 1, themain source of BSA fluorescenceisTrp-
212. Method 1 doesnot reflect interaction of the other
non-fluorescence-emitting residueswith drugs®, and the
fluorescence spectrogram only reflectspartid informa:
tion of theinteraction of BSA with drug, the obtained
informationisthusof insufficient accuracy. Huorescence
changesof smal moleculesdrugswill reflect thewhole
informeation of interaction between drug and protein. As
aresult, thefluorescence of small moleculedrug re-
flectstheoverdl fluorescenceintheinteraction. Because
of this, anew method by taking the drug asthe object
of detectionisapplied, to study theinteraction between
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drugsand proteinsin order to cover the shortcomings
of method 1.

Acetylsdicylicacid (aspirin) isacommonanadgesic
and an antipyretic®. It ismetabolised and transformed
tosdicylicacid, which playsanimportant rolein human
and animal metabolism{”. Thebinding mechanism of
drugsand proteinswas studied by utilizing fluorescence
methods with studied objects as proteins and drugs,
respectively, followed by UV-vis absorption spectros-
copy and synchronousfluorescence spectroscopy with
focuson thefluorescence change of drugto verify the
latter. The new method isauseful supplement to the
application of fluorescence spectroscopy on the re-
search of combination mechanism of proteinsand drugs,
and helpsto further properly understand about thein-
teractions mechanism of drug-protein system.

EXPERIMENTAL

Apparatus

All fluorescence spectra were recorded with a
Shimadzu RF-5301PC spectro- fluorophotometer.
Absorption was measured with an UV-Visrecording
gpectrophotometer (UV-265 Shimadzu, Japan). All pH
measurementswere made with apHS-3C precision
acidity meter (Leici, Shanghai). All temperatureswere
controlled by a CS501 super-heated water bath
(Nantong Science Instrument Factory).

Materials

Aspirinisof purity gradeinferior 98.5%. Bovine
serumalbumin (BSA) waspurchased from SigmaCom-
pany and of purity gradeinferior 99%. Stock solutions
of BSA (1.0 x10°® mol-L?), and aspirin (1.0x103
mol-L1) were prepared. All the stock solutionswere
further diluted asworking solutionsprior touse. Tris-
HCIl (0.05mal-L%) buffer solution containingNaCl (0.15
mol-L71) was used to keep the pH of the solution at
7.40, and NaCl solution wasused to maintaintheionic
strength of thesolution. All other reagentswereanal yti-
ca gradeand al aqueous solutionswere prepared with
newly double-distilled water and stored at 277 K.

General procedures
Method 1 measur ements
Inatypical fluorescence measurement, 1.0 mL of
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Tris-HCI buffer, pH 7.40, 0.4 mL of 1.0x10-° mol-L*
BSA solution and different concentrations of aspirin
wereadded into 10 mL colorimetric tube successively.
Thesampleswerediluted to scaled volumewith water,
mixed thoroughly by shaking, and kept static for 30
minutes at different temperatures (293, 303 and 310
K). Excitation wavelength for BSA was 280 nm, with
excitation and emission dit a 5nm. The solution was
subsequently scanned on thetiuorophotometer and the
fluorescent intensity F at themaximum fluorescent pesks
was recorded.

Method 2 measur ements

1.0 mL of Tris-HCI buffer, pH 7.40, 1.0 mL of
1.0x10° mol-L'* aspirin solution and different concen-
trations of BSA were added into 10 mL colorimetric
tube successively. The sampleswerediluted to scaled
volumewith water, mixed thoroughly by shaking, and
kept staticfor 30 minutesat different temperatures (293,
303 and 310K). Excitation wavelength for aspirinwas
296 nm, withexcitationandemissonditat 5nm. The
solution was subsequently scanned on the
Guorophotometer and the fluorescent intensity | _ at the
maximum fluorescent peakswas recorded.

Synchronousfluor escence measur ements

TheVolumeof aspirinis2.0 mL, theotherswere
thesameasin Section 2.3.2. Thefluorescence spectra
were scanned when the value of AL wasbetween the
exditation and emissonwave engthsstabilized at 30 nm
intherangefrom 250 nm to 550 nm, and recorded the
fluorescent intensity | at the maximum fluorescent
peaks.

UV-visabsor ption measurements

The solution preparation wasthe sameasin Sec-
tion 2.3.3, with corresponding concentration of BSA
solution asthereference. The UV-visabsorption spec-
traof aspirininthe presenceand absence of BSA were
scanned with 1cm quartz cellsin therange from 190
nm to 370 nm, and the absorption intensity A at the
maximum absorption peak wasrecorded.

RESULTSAND DISCUSSION

Fluor escence quenching spectra of BSA-aspirin
system
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Figurel: Fluorescencespectraof BSA-aspirin system (T =

303K); Cye, = 4.0x107mol L% 1~15C, . =(0,0.75, 3.0,
5.0, 7.0, 10, 15, 20, 25, 30, 35, 40, 45, 50, 60) x 10> mol L

Proteinswere considered to haveintrinsic fluores-
cencedueto the presence of amino acids, mainly Trp,
Tyr and Phe. When the excitation wavelength was at
280 nm, BSA hasastrong fluorescence emission pesk
at 340 nm. Thefluorescence spectraof BSA-aspirin
systemwasshowninFigure 1. AsshowninFigurel,
thefluorescenceintensity of BSA decreased gradually
with theaddition of aspirin, however, thefluorescence
intensity of aspirinincreased gradually, and alaunch
point was observed between the fluorescence peak of
aspirin and thefluorescence peak of BSA. Thisresult
showed that aspirin could quench theintrinsic fluores-
cenceof BSA sgnificantly andtherewasaninteraction
between aspirinand BSA, it could also reveal that a
new complex isbeingformed®.

In order to confirm the quenching mechanism, the
fluorescence quenching dataare analyzed by the Stern-
Volmer equation®:

Fo/F=1+K 1,[L]1=1+K L] )
Where, F,and F arethefluorescenceintensitiesof BSA
beforeand after the addition of theaspirin, respectively.
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7, istheaveragelifetimeof fluorescencewithout ligand,
whichisabout 10*s. K isthe Stern-Volmer quench-
ing constant. K, isthebimolecular quenching constant,
and [L] istheconcentration of theligand. Based onthe
linear regression plot of F /F versus[L], the Ky vaues
can beobtained. Thecalculated resultswereshownin
TABLE 1. Different mechanismsof quenching areusu-
aly classified asdynamic quenching and static quench-
ing. Dynamicand gtati c quenching can bedistinguished
by their different dependence on temperature. The
quenching rate constant decreaseswithrisngtempera-
turefor static quenching, but thereversetrendisob-
served for the dynamic quenching. INTABLE 1, the
valuesof K_ decreased with therising temperaturein
al systems, whichindicated that the probable quench-
ing mechanism of theinteraction between BSA and as-
pirinwasinitiated by complex formation rather than by
dynamic collision*®. In addition, all thevaluesof K,
weremuch greater than the maximum scatter collision
guenching congtant of variousquenchers(2x10%° L-mol
1s1), thisa so suggested that the quenchingwasadtatic
processty,

For static quenching process, therel ationship be-
tween thefluorescenceintensity and the concentration
of quencher can be usually described by Eg. (2) *? to
obtain the binding constant (K) and the number of
binging Sites(n) inmost paper:

log{(F, - F)/F}

=nlgK , +nlogD,]-n(F, -F)/F,[B,]} @
Where, [D] and [B] are the total concentrations of
aspirinand BSA, respectively. On theassumption that
ninthebracketisequa to 1, thecurveof log[ (F -F)/
F] versuslog{[D]-[B](F,-F)/F } isdrawnand linear
regression equation isplotted, then thevaueof ncan
be obtained from the slope of the plot. If thenvalue
obtainedisnot equal to 1, thenit issubstituted into the
bracket and the curveof log[(F -F)/F] versuslog{[D]-

TABLE 1: Quenchingrelated parameter sof BSA and aspirin at different temperatures

T/(K) Kq/(L-mol™ %) K/ (L -mol ™) r Ko /(L -mol ) n r
293 2.79x10" 2.79<10° 0.996 6 4.53x10° 0.67 0.9965
303 2.69x10" 2.69x<10° 09988 355x10° 0.74  0.9962
310 2.33x10" 2.33x10° 09962 2.87x10° 0.63 0.9980

insthequenching ratecongtant; K_isthebinding constant; nisthenumber of binding site.r, isthelinear relative coefficient
of F/F~[L]; r,isthelinear relative coefficient of log(F -F)/F~log{[D ]-n[B ](F -F)/F}.
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Figure2: Fluorescence spectrum of aspirin-BSA system (T
=303K); C o, =1.0x10°mol L 1~7C,,=(0,0.4,0.8, 1.0,
1.5,2.0,3.0) x10"mol L*

n[B](F,-F)/F,} isdrawn again. The above process
wasrepesated again and againtill nobtainedwasonly a
singlevalue. Based on the n obtained the binding con-
stant K, can be also obtained. Inthiswork, acalcula-
tion program was devel oped. The cal cul ation process
can befinished with ca culator based onthesmplepro-
gram and the cal cul ated result can be obtained by in-
putting F, [D] and[B]. Theca culated result wasshown
inTABLE 1. Asshownin TABLE 1, thefact that the
vauesof nwered| gpproximately to 1implied that just
onebindingstefor aspirinexistedin BSA. Meanwhile,
binding constantsK , decreased withtherisingtempera-
ture, further suggested that the quenching wasastatic
process®.

Fluor escence spectra studies

According to the experiment asdiscussed Section
2.3.2, theinteraction between BSA and aspirinwith
aspirin as the detection object isinvestigated. With
gradual addition of BSA to aspirin solution, theinten-
sity of the peak at 410 nmincreaseswith red shift of 4
nm, theresultsindi catethat theinteraction between BSA
and aspirin leads to the formation of acomplex be-
tween drug and protein. After deducting the correspond-
ing concentration of BSA, thefluorescence spectraof
the systemisshownin Figure 2. Figure 2 showsthat
with theincreasi ng concentration of BSA, thefluores-
cenceintensity of aspirinat 410 nmincreases. There-
sultsindicatethat theaspirin-BSA systemisafluores-
cenceenhancement reactionwhen drug aspirinistrested

asthe studied object. The fluorescence enhancement
equation™:

(| c—l F")'l AL K AL L e
Where, | ° and | _arethe steady-state fluorescencein-
tensity in the absence and presence of BSA, respec-
tively. [L] isthe concentration of theligand. I _.isthe
fluorescenceintensity when BSA and aspirin reaches
saturation. Based on the linear regression plot of (I _-
I)*versus[L]*, theK_, valuescanbeobtained. The
calculated resultswere shownin TABLE 2. Asshown
in both TABLE 1 and TABLE 2, the K, value of
method 2ismuch greater thantheK  value of method 1
a the sametemperature, which showsthat in addition
to Trp-212 of BSA peptides, the othersa so interacts
with aspirin. Andin addition to the““point to point” in-
teraction between aspirin and Trp-212, the“point to
side” interaction between aspirin and the other pep-
tidesin BSA hydrophobic sub-domain also existg*d.
Thisshowsthat compared to method 1 with protein as
detection object, treating drugs as detection object can
give more complete and more accurate expression of
theinteraction information of proteinsand drugs.

TABLE 2: Thebinding constantsof aspirin-BSA system by
method 2 at different temperatures

T/(K) Ka/(L-mol™®) Linear regression equation  rs
(119" = 0.00667+

293 5.46x10° o 1 0.9993
1.223x109[L]
19" = 0.01035 +
303 3.82x10° (1) P 0.9989
2.706x10¥[L]
191 = 0.01114 +
310  3.00x10° (Ie1e) 0.996 9

3.708<10%[L]*

K, isthebinding constant; r,isthelinear relative coefficient
of (I -1 % *~L]™

Synchronousfluor escence spectrastudies

Synchronous fluorescence method has the
advantages of good selectivity, high sengitivity, less
interferenceetc, andit can beused for the s multaneous
determination of multicomponent mixture'®. Oneof
themost important parameter for using synchronous
fluorescence technology is choosing the correct
wavelengthinterval AL, which directly influences the
sensitivity and selectivityl™”. The effects of A on
synchronous fluorescenceintensity at 20, 30, 40, 50,
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Figure3: Synchronization fluor escence spectrum of aspi-
rin-BSA system (T = 303 K); Caspirin =2.0x10°mol L*; 1~9
C.,=(0,05,1.0,15,20,25,3.0,4.0,5.0) x10" mol L*

TABLE 3: Thebinding constantsof aspirin-BSA system by
synchronousfluor escencemethod at different temper atures

T/(K) Ky/(L-mol™®) Linear regression equation ra
(1™ = 0.00261+

293  6.50x10° o 1 0.997 0
4.014x10°[L]
10! = 0.00228 +
303 4.34x10° (1s15) o 0.998 2
5.258x10°[L]"
119 =0.00003 +
310 3.50x10° (115 0.999 3

2.645x10[L]™"

K, isthebinding congtant; r, isthelinear relative coefficient
of (I -1 9 *~[L]

60, 70, 80, 90, 100, 110, 100 and 120 nm weretested
and it turned out that when AA is 30 nm, the synchronous
fluorescencesignd of theinfluenceisthestrongest. With
increasing concentration of BSA, the synchronous
fluorescenceintensity of aspirin-BSA al so increases.
After deducting the corresponding concentration of
BSA, thefluorescence spectraof the systemisshown
in Figure 3. According to the Eq. (3), the binding
constants K52 are calculated and listedin TABLE 3.
Comparing TABLE 1, TABLE 2 and TABLE 3, we
can see that the K52 value is observed to be much
larger than K4 of the method 1 and close to K1
obtained by themethod 2. Thisphenomenon aso shows
that treati ng the drug as detection objectscan givemore
completeand moreaccurate expressiontheinteraction
information of proteins and drugs. In this way, the
correctnessfor method 2 isproved.

UV-visabsor ption spectrastudies
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Figure4: Absor ption spectraof aspirin-BSA system (T =303
K); Copirin =2-0x10°mol L%; 1~9 C,,= (0, 0.5, 1.0, 1.5, 2.0,
2.5,3.0,4.0,5.0) x10” mol L

Thebinding constant K, of protein and drug can be
calculated onthefoll owing equation':
(A, -A"'=A"+K, AL (4
Where, A, and A are the absorption valuesin the ab-
senceand presence of ligand, respectively. And[L] is
theconcentration of theligand. The UV-visabsorption
spectraof aspirinin theabsence and presence of BSA
are shown in Figure 4. As shown in Figure 4, with
gradua addition of BSA to aspirin solution, theinten-
sty of the peak at 202 nm decreaseswith red shift of 7
nm, indicating that the interaction between BSA and
aspirin leadsto the formation of acomplex between
drug and proteini*¥, Based onthelinear regression plot
of (A-A)" versus[L]*, theK valuescan beobtained.
Thecaculated resultsareshownin TABLE 4. Asseen
inTABLE 4, the binding constant K_decreaseswith
rising temperature, which isconsistent with theresults
of fluorescence methods. The K valuesarecloseto
K_,0K_, of thefluorescence spectroscopy methodswith
focuson thefluorescence change of drug, whichindi-
catesthat the method 2 is correct. The differences of
binding constants may be caused by the differences
between fluorescence method and UV-visabsorption
method.

Typeof interaction forceof BSA-aspirin systems

Generaly, theinteraction force between the small
drug moleculeand biological macromoleculeinclude
hydrogen bond, Van der Waalsforce, electrostaticin-
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TABLE 4: Thebinding constantsof aspirin-BSA system by
UV-visabsor ption method at different temperatures

Linear regression

TI(K)  Ky/(L-mol™) _ s
equation
203 6.06x10° (ArA)" = 0797+ 0.997 9
' 1.316x10°°[L]™ '
-1
303 4.23x10° (A= 1é1401+ 0.9985
2.697x10°°[L]"
At =0.414 +
310 3.10x10° A 0.997 2

1.338x10°°[L] ™

K, isthebinding constant; risthelinear r elative coefficient
of (A-A)™~[L]*

teractions and hydrophobic force, etc. Ross and
Subramanian®! have characterized the sign and mag-
nitudeof thethermodynamic parameter, entha py change
(AH), free energy (AG) and entropy change (AS) of
reaction, associated with variousindividua kindsof in-
teraction. When temperature variesinasmall range,
the AH could be considered asaconstant!?!. Negative
AH and positive ASindicate el ectrostatic interaction
playsamajor rolein thebinding reaction. Positive AH
and ASare generally considered asthe evidence for
typical hydrophobicinteractions. In addition, Van der
Waalsforce and hydrogen bonding formationinlow
dielectric mediaare characterized by negative AH and

TABLE 5: Thethermodynamic parameter sof aspirin-BSA at different temperatures

M ethod T/K) K/(L-mol™) AH/(KJmol™) AS/Jmol™K?) AG/(KJ-mol?
293 4.53x10° 1.42 -20.51
Method 1 303 3.55x10° -20.10 1.66 -20.59
310 2.87x10° 1.39 -20.52
293 5.46x10° 19.10 -32.18
Method 2 303 3.82x10° -26.58 19.13 -32.38
310 3.00x10° 19.10 -32.50
293 6.06x10° 9.97 -32.43
UV -vis absorption method 303 4.23x10° -29.51 10.30 -32.64
310 3.10x10° 9.92 -32.59
293 6.50x10° 16.79 -32.61
Synchronous fluorescence method 303 4.34x10° -27.69 16.55 -32.70
310 3.50x10° 16.83 -32.90

AS?, The thermodynamic parameters can be cal cu-
lated onthebasis of thefollowing equation'®:
RINK =AS-AH/T (5)
AG = AH-TAS (6)
According to therelevant thermodynamic param-
etersof smal moleculedrugsand biologica macromol-
ecules, the type of interaction force can be simply
judged®, Based on thelinear regression plot of RInK
versus 1/T, the AH value can be obtained. Therefore,
thevaluesof AH, ASand AG werelistedin TABLE
5. The reaction process of aspirin and BSA was a spon-
taneous molecular interaction procedure in which en-
tropy increased and Gibbs free energy decreased®!.
Theentropy isameasure of the degree of disorder of
the system. Each spontaneousandirreversible process
isachange from order to disorder, and towards the

direction of higher degree of confusion. Under theiso-
thermal, isobaric and no non-expansion work condi-
tions, spontaneous variation of the systemisaways
caried out towards decreas ng the Gibbsfree energy?®.
From TABLE 5it can be seen that the ASvalues ob-
tained weresmallest and the AG val ues obtained were
largest by method 1, which indicated that thereaction
using aspirin asthefocuswaseasi er. It ismore accu-
rate and reasonable that we take the fluorescence
changes of drugs asthe studied object. The positive
value of ASand AH showed that the el ectrostatic in-
teraction play amajor roleinthe binding process?”.
Thecondusionsaof four methodswerecong stent, which
indicated that when studying thetypeof interactionforce
between drug and protein, the conclusonsof themethod
1 were consistent with methods with focus on the
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fluorescence changeof drug.
CONCLUSIONS

Inthis paper, the interaction between aspirin and
BSA was studied at different temperatures with the
methods of method 1 and method 2, and verified by
UV-vis absorption and synchronous fluorescence
method. Comparing binding constantsof thefour meth-
ods showsthat the K _ values of method 2, synchro-
nous fluorescence method and UV-vis absorption
method were greater than method 1 and thethreeval-
uesarecloseto each other. That meansthat taking drugs
asdetection object for method 2 can be more compre-
hensive and more accurate when expressing the inter-
action information between protein and drug interms
of fluorescence. Linear phaserelationsof linear regres-
sion equation of three methods are above 0.99. Al-
though the valuesfor the methods with focus on the
fluorescence change of drug and UV-visabsorption
method of binding constant aredightly different, thedif-
ferenceisminimal. It also suggeststhat themethod 2is
reasonable. The method 2isachallengefor method 1,
andit providesanew way to study theinteraction more
accurately between drugsand proteins, which will fur-
ther improvethe study of the reaction mechanism be-
tween drugsand proteins.
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