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ABSTRACT KEYWORDS
The interaction between Avelox and bovine serum albumin (BSA) was Bovine serumalbumin;
investigated at different temperatures by fluorescence spectroscopy. Avelox;
Results showed that Avelox could quench the intrinsic fluorescence of Fluorescence;
BSA strongly, and the quenching mechanism was a static quenching Antibiotics;
process with Forester spectroscopy energy transfer. The electrostatic Interaction.

force played an important role on the conjugation reaction between BSA
and Avelox. The order of magnitude of binding constants (K ) was 10°,
and the number of binding site (n) in the binary system was approximately
equal to 1. The binding distance (r) was less than 3 nm and the primary
binding site for Avelox was located in sub-domain IIA of BSA.
Synchronous fluorescence spectra clearly revealed that the
microenvironment of amino acid residues and the conformation of BSA
were changed during the binding reaction. In addition, the effect of some
antibiotics on the binding constant of Avelox with BSA was al so studied.
© 2013 Trade SciencelInc. - INDIA

INTRODUCTION

Most drugsareableto bind to plasmaprotein when
they entrancein blood plasmasystem of organism, and
serum albuministhe most abundant proteinin blood
plasma and serves as a depot protein and transport
protein for numerousendogenous and exogenous com-
pounds. Generaly speaking, drugs could bind with
serum albumin mostly through the formation of
noncovalent complexesreversibly. Thedrug-protein
complex can beregarded asaform of druginthebiol-
ogy temporary storage, it can effectively avoid drugwas
eliminatefrom metabolism so quickly that it can main-

tain thetotal concentration and effective concentrations
of blood medicinein plasma. In addition, binding of
drugsto plasmaprote nscontrol stheir free, active con-
centrations and provides areservoir for alonger ac-
tion, the binding of drugsisresponsiblefor the protec-
tiveroleof albumin. Therefore, interaction of adrug
with, and competition for, the binding Siteson plasma
proteinsmight strongly affect itsdistribution, eimina
tion, aswell asits pharmacodynamicsand toxic prop-
ertiesd. Competition between two drugsfor their bind-
ing to plasmaprotein can strongly affect thedrug dis-
positionof both drugs, with possblesariousphysiologicd
consequences. Binding parametersareindeed funda-
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mental factorsindetermining theoverdl pharmacologi-
cd activity of adrug and in thiscontext thedetermina-
tion of thebinding parameters of drugsto albumin has
become essential to understand their pharmacokinetic,
pharmacodynamic and toxicologica profile.

Avdox isanew generation of fluoroquinoloneanti-
bacterial agent, whichisusedtotreat awidevariety of
bacterid infectionsincluding pneumonia, snusitis, and
worsening of chronic bronchitis(the structureshownin
Figurel). Thismedicinegradudly played asignificant
roleinclinical cure. At present, themolecular interac-
tions between BSA and many drugshave beeninvesti-
gated successfully in bio-medical domain®. However,
theinteraction between Avel ox and BSA hasnot been
investigated, especidly the effect of the common anti-
bioticson thebinding of drugsto BSA.. Inthisreport,
we provided investigationson theinteraction of Avel ox
with BSA by fluorescence spectroscopy under physi-
ological pH 7.40 aswel| asthe effect of the coexistent
drugs. Thisstudy isexpected to provideimportant in-
sght into the essence, potentia toxicity between drugs
and proteininreal terms, and can also provide auseful
clinica referencefor future combination therapy.
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Figurel: Chemical structure of Avelox

EXPERIMENTAL

Apparatus

All fluorescence spectra were recorded with a
Shimadzu RF-540 spectrofluorophotometer and a
Hitachi F-4500 spectrofluorophotometer. Absorption
was measured with an UV-visrecording spectropho-
tometer (UV-265 Shimadzu, Japan). All pH measure-
ments were made with a pHS-3C precision acidity
meter (Leici, Shanghai). All temperatures were con-
trolled by aCS501 super-heated water bath (Nantong
ScienceInstrument Factory).

Materials

Avelox ((nolessthan 99.9% pure) was obtained
from Monitor of Chinese Veterinary Medicine. Bovine
serum abumin (BSA, nolessthan 99% pure) was pur-
chased from Sigma Company. Warfarin (WF),
Chlorpheniramine (CP) and digitoxin (DG) wereall
obtained from Chineselngtitute of Drugand Biologica
Products. Stock solutions of BSA (1.0x10“ M) and
Avdox (2.0x10*M) wereprepared. And all the stock
solutionswerefurther diluted asworking solutionsprior
to use. All the common antibiotics were diluted to
1.0x10*M. Tris-HCI buffer solution containing NaCl
(0.15 M) was used to keep the pH of the solution at
7.40. NaCl solution was used to maintain theionic
strength of thesolution. All other reagentswere of ana-
Iytical grade and all aqueous solutionswere prepared
with newly double-distilled water and stored at 277K.

Thefluorescenceintensitieswere corrected for the
absorption of excitation light and re-absorption of emit-
ted light to decreasetheinner filter using thefollowing
relationship™:

Feor = Fobs * glectAen)/2 ()

where F_ and F _ are the corrected and observed
fluorescenceintensities, respectively. A, and A, are
the absorbancevauesof Avdox at excitationand emis-
sionwavelengths, respectively. Thefluorescenceinten-
Sity used inthis paper was corrected.

Procedures

Fluor escence experiments

Inatypical fluorescence measurement, 1.0 mL of
pH =7.40Tris-HCl, 1.0 mL of 1.0x10° M BSA solu-
tion and different concentrations of Avel ox wereadded
intoal0mL colorimetrictubesuccessvely. Thesamples
werediluted to scd ed volumewith water, mixed thor-
oughly by shaking, and kept staticfor 15 min at differ-
ent temperatures (293, 303 and 313 K). The excita
tion wavelength for BSA was 280 nm (or 295 nm),
withtheexcitationand emisson ditwidthssetat 5nm.
The solution was subsequently scanned on the
fluorophotometer and determined thefluorescent inten-
Sty at 343 nm. Thefluorescenceintensity of BSA with-
out Avelox was used as F . Meanwhile, the fluores-
cenceintensity of compound without single Avel ox
(Fasa avor = Faveod Was used asF becauseAvelox has
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dight fluorescence emission at 343 nm. Thefluores-
cenceintensitiesinthis paper werecorrected by Eq.(1).
Otherwise, werecorded thefluorescence spectrawhen
the A2 value between theexcitation and emisson wave-
lengthswas stabilized at 15 and 60 nm, respectively.

Probedisplaceexperiments

At 293 K, different concentrations of probe drug
WEF (or CP, DG) were added to the mixture of Avelox -
BSA systems. Themolar ratio of Avelox and BSA was
kept at 1, both of concentrations are 1.0x10° M in
Avelox -BSA sysems Themixtureswerediluted to scaled
volumewith water, mixed thoroughly by shaking, and
kept saticfor 30 min. Theexdtationwavelengthfor BSA
was 280 nm, withtheexcitationandemissondit widths
st a 5 nm. Thefluorescenceintengty of BSA only with
Avelox was used as - to study the quenching effect of
probedrugsto Avelox-BSA system.

RESULTSAND DISCUSSION

| nter action between BSA and Avelox

Based on Section 2.3.1, we havedrawn the fluo-
rescence spectraof BSA aswell asdifferent Avelox
added into BSA, respectively. When the excitation
waveengthswere at 280 nmand 295 nm, theemission
peaksfor BSA were both located at 343 nm. In this
part, we also found that Avelox had fluorescence at
462 nm obviously, but it had week fluorescence at 343
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Coe, =1.0x10°M, 1~16C, .

nm; (B) 4, =295 nm; T =293 K

nm. According to this phenomenon, we scanned the
solution onthefluorophotometer with therange of 300-
450 nm and recorded thefluorescence spectraof BSA-
Aveox without Avelox whichwereshownin Figure2.
Ascan be seen from Figure 2, thefluorescenceinten-
sity of BSA decreased regularly with the addition of
Avd ox, and the maximum emiss on wavelength had 9
nm red shiftsfrom 343 nmto 352 nm. Thisresult im-
plied that Avel ox could quenchtheintring c fluorescence
of BSA strongly, and theinteraction between Avel ox
and BSA resulted fromtheformation of aground-state
complex between thisdrug and protein. In addition, the
UV absorption intensity of Avelox which located at
336nm and 308nm decreased with increased concen-
trationsof BSA (asseeninFigure 3), it could alsore-
ved that theformation of new complex, inaddition sug-
gested that the quenching was astatic process.

Fluor escence quenching mechanism of BSA-
Avelox system

Fluorescence quenching can occur by different
mechaniams, it may bedynamic quenching, resultingfrom
thecoallisiona encounter betweenthedrugand protein,
or static quenching, resulting from theformation of a
ground-state complex between the drug and protein.
Higher temperaturewould result infaster diffusionand
typicaly the dissociation of weekly bound complexes,
leading to larger amount of dynamic quenching and
smaller amounts of static quenching, respectively®. In
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Figure2: Fluorescence spectra of BSA-Avelox system
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(7): Coqa = 10X 10°° M.
Figure3: Absorption spectra of Avelox-BSA system from (1)
to(6)

order to confirm the quenching mechanism, thefluores-
cencequenching dataareandyzed by the Stern-Volmer
equation;

Fo/F=1+K to[L]1=1+K g [L] @)

where F, and F arethefluorescenceintensitiesin the
absence and presence of ligand, respectively. 7 isthe
averagelifetime of fluorescencewithout ligand, which
isabout 10°* s. K isthe Stern-quenching constant. K,
isthe quenching rate constant of biomolecule, and [L]
isthe concentration of theligand. Based onthelinesr fit
plot of F /F versus[L], the Ky values can be obtained.
Thecaculated resultswereshownin TABLE 1. It ap-
peared that the values of K decreased with the in-
creaseintemperaturefor all systems, whichindicated
that the probable quenching mechanism of theinterac-
tion between BSA and Avelox wasinitiated by com-
plex formation rather than by dynamic collision™. In

TABLE 1: Quenchingreactiveparameter sof BSA and Avelox
at different temperatures

Jo TIK K (M?sY) 11 K/ (MY n 1

293 5.81x102 0.9943 5.89x10* 1.26 0.9971
280 303 5.49x102 0.9938 5.75x10* 1.23 0.9903
313 4.86x102 0.9951 5.62x10* 1.24 0.9913
203  6.35<10% 0.9956 6.02x10* 1.18 0.9992
205 303 6.12x10% 0.9941 5.89x10* 1.18 0.9937
313  554x102 0.9960 5.75x10* 1.43 0.9954

r, isthe linear relative coefficient of F /@~[L]; r, isthe linear
relative coefficient of log (F-F)/F @~log{[D ]-n[B](F-F)/F}.

addition, all thevaluesof K  were much greater than
the maximum scatter collision quenching constant of
various quenchers (2x10*° M- s, Thisalso sug-
gested that the quenching was astatic process?.

Ky isthequenching rate constant; K_isthebinding
constant; nisthenumber of binding site.

For static quenching process, therelationship be-
tween thefluorescenceintensity and the concentration
of quencher can be usually described by derived Eq.
(3)1*“! to obtain the binding constant (K ) and the num-
ber of binging sites (n) in most paper:

Iog( FOF_F)= nIogKa+nlog{[Dt]—n Fo—F [Bt]} 3

FO

where [D|] and [B]] are the total concentrations of
Avelox and protein, respectively. On the assumption
that n in the bracket is equal to 1, the curve of log
(F,-F)/Fversuslog{[D ]-[B](F,-F)/F} isdrawnand
fitted linearly, then thevalue of n can be obtained from
the slope of the plot. If the n value obtained is not
equal to 1, thenit issubstituted into the bracket and
the curveof log (F -F)/F versuslog{[D ]-n[B](F
F)/F,} isdrawn again. The above processisrepeated
againand againtill nobtainedisonly asinglevalueor
acirculating value. Based on the n obtained the bind-
ing constant K_ can be also obtained. Inthework, a
calculation program was devel oped. Thecalculation
process can be finished with calcul ator based on the
simple program and the cal cul ating results can be ob-
tained by inputting F, [D ] and [B]. The calcul ated
resultswereshownin TABLE 1.

Asseenin TABLE 1, the values of n were ap-
proximately equal to 1 at different temperatures,
which indicated the existence of just one main bind-
ing sitein BSA for Avelox. The order of magnitude
of binding constants (K ) was 10 indicated the ex-
istence of strong interaction between BSA and
Avelox. Meanwhile, thevaluesof K_ decreased with
theincreasing temperature, further suggested that the
guenching was astatic process*¥, henceit ledtothe
reduced of the stability of binary systems. Inthe other
hand, comparing the data of 280 nm with 295 nm,
values of K_and n had less difference at different
temperatures, it explained that Avelox would mainly
quench thefluorescenceof tryptophanyl residuesfrom
BSA.
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Typeof interaction force of thebinary systems

Generdly, theinteraction forces between thesmal
drug moleculeand biol ogica macromoleculeincludehy-
drogen bond, Van der Waal sforce, e ectrostaticinter-
actions and hydrophobic force, etc'?. Ross and
Subramanian™ have characterized the sign and mag-
nitude of thethermodynamic parameter, enthd py change
(AH), free energy (AG) and entropy change (AS) of
reaction, associated with variousindividud kindsof in-
teraction. The reaction AH can be regarded as con-
dant if thetemperature changeslittle. Negative AH and
positive ASindicate el ectrostaticinteraction playsa
major roleinthebinding reaction. Positive AH and AS
are generally considered as the evidencefor typical
hydrophobicinteractions. In addition, Van der Waals
forceand hydrogen bondingformationinlow didectric
mediaare characterized by negative AH and AS*. The
thermodynamic parameters can be cal cul ated on the
bassof thefollowing equation:

RINK =AS—AH /T (4)
AG = AH -TAS (5)
Accordingtothebinding constantsK_ of Avelox to BSA
at different temperaturesabove TABLE 1, thethermo-
dynamic parameterswereobta ned conveniently. There-
fore, thevaluesof AH, ASand AG were-1.79 kJmol?,
85.2 Imol* K1and-26.8 kJmol (T =293 K), respec-
tively. Thenegativevaueof AG clarified an automatic
reaction between Avelox and BSA. Thenegativevaue
of AH and pogitiveva ueof ASshowed that Avelox mainly
bound to BSA by the el ectrostatic attraction.

| dentification of thebinding sitesof Avelox on the
BSA

Participation of tyrosine(Tyr) and tryptophan (Trp)
groupsindrug-serum abumin complexesisassessed
using different exaitation wavd engths At 280 nmwave-
length the Trp and Tyr residuesin serum abumin are
excited, whereasthe 295 nm wavelength excitesonly
Trpresidues. Inthe sub-domainsof BSA, 1A subunit
(Trpand Tyr) and I A (Tyr) area so considered asthe
main binding sitesfor small drug molecule®®. Based on
the Stern-Volmer equiation, comparing thefluorescence
guenching of protein excited at 280 nm and 295 nm
dlowsto estimatetheparticipation of Trpand Tyr groups
inthe complex(*9, Asseenin Figure 4, the quenching
curves of BSA excited at 280 nm and 295 nminthe

BioTechnology — ammm—

presence of Avelox overlap below the molar ratio
Avelox:BSA 80:1. Thismeansthat if therearefewer
than 80 Avel ox moleculesfor 1 BSA molecules, only
Trpresiduestakepart in theinteraction of Avelox with
BSA, and protein fluorescence was quenched by al-
most 80% at the molar ratio 80:1. The quenching of
BSA fluorescenceexited at 280 nm abovethismolar
ratio was slightly higher than that excited at 295 nm
which meansthat Tyr residuesbegantotakepartinthe
interaction. Accordingto thisconclusion, it could infer
that Avelox moleculesonly takeinteraction with Trp
residues of BSA at |low concentration whereas both
Trpand Tyr resduesat high concentration, thisconclu-
sion can also expound why the value of nisdlightly
morethan 1 which hasbeen shownin TABLE 1.

BSA hastwo Trpmoieties (Trp-134 and Trp-212)
located in subdomainsIB and 1A, respectivelyyand
only Trp-212islocated within ahydrophobic binding
pocket of the protein which usually bind many small
ligands, especidly heterocyclicligandsof averagesize
and small aromatic carboxylic acidg'”. Inthisway, it
could confirm that the primary binding sitefor Avel ox
waslocated in sub-domain|lA of BSA.

! A 280 nm
Ty O 295nm
&
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06 L o,
m}
i f
A a
0.3 ﬁ
=T o
a
O
g
B g 9 g
0 1 1 1 1 1
0 30 60 Q0 120
[ Avelox]/[BSA]

Coen = 1.0x10°M, C,  =1.0x10°~1.2x10*M; T =293 K

Avelox
Figure 4 : Quenching curves of BSA-Avelox system at 4
=280 nmand 295 nm

Sitemarker fluorescent probesare useful for rapid
identification of drug binding sites'®¥, In order to esti-
matethedrug bindingsitesonBSA, Sudlow et d. has
been proposed the percentage of probe replacement
method using thefollowing equation:

probe displacement(% ) = F, / F; x100 6)
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The concentrationsof BSA and Avel ox were kept con-
stant (1x10°M), whilethat different concentrations of
various probe drugs each were added into it. In the
study of the substitution reaction, F, and F, are the
fluorescenceintensitiesin the absence and presence
probedrug. Inthis paper, we have considered WF, CP
and DG asprobedurgswhich bind specificaly tosites
[, [1and 111, respectively. The processed resultswere
showninFigure5 by Eq.(6).

105

= 5 o= I X M i z
m B s
=
E "
E:‘_— 75| s
o
60 | & .
45 - - : '
0.0 1.5 - 3.0 4.5
Q] / |BSA]
Cpvao= Coms= LOX10°M; C,= (0.5, 1.0, 1.5, 2.0, 3.0, 4.0, 5.0)10°

°M.[Q]: AWF; ECP; ¥YDG; A, =280 nm; T =293K

Figure5: Effect of site maker probe on the fluorescence
intensitiesof BSA-Avelox system.

AsseeninFigure5, relativefluorescenceintens-
tiesdecreased obvioudy with increasing concentration
of WFwhereasit dmost kept constant with theadding
of CP and DG. It indicated that Avelox was
pronouncedly displaced by WF rather than CPor DG,
henceit could beinferred that thebinding Stefor Avelox
wassitelwhichlocated in sub-domain 1A of BSA.

At roomtemperature (293 K), control the concen-
trationsof BSA and variousprobedrugseachat 1x10-
6M. According to themethod hasdescribed in Section
2.3.1, success vely adding different concentrations of
Avelox. The experimental data was calculated by
Eq.(3). The values of binding constants K, were
4.68x10% 5.50x10*and 5.37x10* M-tin presence of
WEF, CPand DG, respectively. Compared with thebind-
ing constant of Avel ox-BSA without any probedrug
(5.89x10* M), it can be seen that the binding con-
stant between Avelox and BSA decreased most obvi-
ously inthe presence of WF, thisresult indicated that
binding of Avelox with BSA was affected by adding
WF, which compete the same binding site of BSA.
Hence, it d so can be proposed that the binding of Avel ox
primarily occurred insub-domain 1A (sitel).

—===— FyuLL PAPER
Hill’s coefficient of BSA-Avelox system

Inbiochemistry, the binding of aligand moleculeat
onesiteof amacromol eculeofteninfluencestheaffinity
for other ligagndmoleculesat additiond Stes Thisisknown
as cooperative binding. It is classified into positive
cooperativity, negative cooperativity and non-
cooperaivity accordingtothepromotion or inhibitionto
theaffinity for other ligand molecules. Hill’s coefficient
providesaway to quantify thiseffect and isca culated
graphically onthebasisof thefollowing equationf?Y:

9 =1gK +n,IglL] o
whereY isthefractional binding saturation; K isthe
binding constant and n,, istheHill’s coefficient. Hill’s
coefficient isgreater than one, which exhibitspositive
cooperativity. Conversdy, Hill’s coefficient is less than
one, which exhibitsnegative cooperativity. A coefficient
of 1indicates non-cooperative reaction. For fluores-
cence measurement:

Y Q

1-Y  Q,-Q ®)
where Q =(F,-F)/F; 1/Q_=intercept of theplot /Q
versus 1/[L]. Hill’s coefficients were presented in
TABLE 2. Thevauesof n weredightly lessthan 1in
the systemsboth at excitation wavelengths 280 nm and
295 nm at different temperatures, whichindicated nega
tive cooperativenessin theinteraction of Avelox with
BSA, but they wereweak. In addition, thevauesof n
wereinversely correl ated with increasing temperature
illustrated the exi stence of negative cooperativity be-
tween Avelox and BSA, that was, the ability of drug
boundingto BSA hasdecreased withthepreviousligand
(Avelox) boundingto BSA gradudly. Furthermore, this
negative cooperativity becamemore powerful within-
creasing temperature, reducing theamount of Avel ox
that could be bound to BSA. It was a so one of the

TABLE 2: Hill’s coefficients n of BSA-Avelox at different
temperatures

T/K Aex! 280 Nnm Aex! 295 nm
Ny ra Ny ra
293 0.89 0.9938 0.86 0.9932
303 0.74 0.9959 0.72 0.9953
313 0.70 0.9913 0.69 0.9906

r,isthelinear relative coefficient of Ig[Y/(1-Y)]~Ig[L].
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reasonswhichled to the reduced K_ withincreasing
temperature.

Binding distances between Avelox and BSA

Fluorescence energy transfer iscategorized asra-
diation energy transfer and non-radiation energy trans-
fer. Thefluorescence spectrumwill deformif radiation
energy transfer occurred. Thefluorescence spectrum
in Figure 1 hasno deformation, thustheenergy transfer
of BSA and Avelox should be non-radiation energy
transfer.

According to Forster’s non-radiative energy trans-
fer theory, energy efficiency E, critical energy-transfer
distance R (E = 50%), the energy donor and the en-
ergy acceptor distancer and the overlap integral be-
tween thefluorescence emiss on spectrum of thedonor
and the absorption spectrum of the acceptor J can be

cdculated by theformulag?:

E=1-F/Fy=R,° /(R +1°) ©)
R,% = 8.78x 107K 2ON™J (10)
J =T F(A)e(AM)A AA/ T F(M)AA 1)

where K?isthe orientation factor, @ isthefluorescence
guantum yield of thedonor, N isarefractiveindex of
themedium, F (1) isthefluorescenceintensity of the
fluorescence donor at wavelength 2 and ¢ () isthe
molar absorption coefficient of the acceptor at this
wavel ength. The overlap of UV-visabsorption spectra
of Avelox and thefluorescence emission spectraof BSA
(4., =280 nm) were shown in Figure 6. Under these

Jo.24
90 |
40.16
_\60 -~
: =
= .
= 3
ot =t
20 J0.08
0 0.00

280 350 420
A /mm

CAvelox = C,., =6.0x10°M ; T = 293

Figure6 : Fluorescence emission spectra for BSA (1) and
UV absorbance spectrafor Avelox (2)

490

experimenta conditions, it hasbeen reported that K2=2/
3,N=1.336and ®=0.118%3. ThusJ, E, R andr were
caculated and shown in TABLE 3. The donor-to-ac-
ceptor distancer <7 nmindicated that the energy trans-
fer from BSA toAvelox occured with high possibility.
Further thevalueof r wasgreater than R inthisstudy
which suggested that Avel ox could strongly quenchthe
intrinsic fluorescence of BSA by a static quenching
mechanism?!, Moreover, the distancer increased and
theenergy efficiency E decreased withincreasing tem-
perature TABLE 3, which resulted inthereduced stabil-
ity of thebinary sysemsandthevauesof K.

TABLE 3: Parametersof E, J, r, R between Avelox and BSA
at different temperatures

TIK E®) J/M'em® Ro/nm r/nm
293  28.04 1.07x10 2.48 2.90
303  26.66 1.04x10™ 2.47 2.92
313  25.60 1.02x10™ 2.46 2.95

R, is the critical distance when E is 50%; r is the distance
between acceptor and donor; J isthe overlap integral between
the fluorescence emission spectrum of donor and the
absor ption spectrum of the acceptor.

Conformation investigation of BSA

Synchronous fluorescence spectraareused to in-
vestigate the protein conformational change, asit has
been shown to give narrow and simple spectra. For the
synchronousfluorescence spectraof protein, whenthe
AA value between the excitation and emission wave-
lengthsisstabilized at either 15 or 60 nm, the synchro-
nousfluorescence gives characteristicinformation for
Tyr residuesor Trp residues®!. Becauseof thered shifts
of maximum emissionwavelengthsof both Tyrand Trp
with theless hydrophobic environment, blue shiftsof
maximun emission wavel engthswith themore hydro-
phobic environment. Thesered or blueshiftsindicated
that the conformation of BSA hasbeen changed®?”. In
order to further study the effect on the conformation of
BSA, the synchronousfluorescence spectrawere mea
sured whenthe AA =15 nmand A4 =60 nmasshownin
Figure7.

It can be seen from Figure 7 that the fluorescence
intensitiesof Tyr and Trp residuesdecreased regularly
with increasing concentration of Avel ox. At the same
time, themaximum emissonwave engthhad 4 nmblue
shiftsat theinvestigated concentrationsrangewhen A
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=60 nm, whilethe maximum emiss onwave ength had
7 nmred shiftswhen A4 =15 nm. Thisrevealed that the
amino acids microenvironment changed dueto there-
action of Avelox and BSA, making the hydrophobicity
of Trp residues strengthened whereas the hydrophobic
environment of Tyr residues more polar. High concen-
tration of drugs makes protei n mol ecules extend, thus

80

320

300

280 340

2. fmm

reducing energy transfer between amino acids, reduc-
ing thefluorescenceintensity®.

Effect of the coexistent drugs on the binding of
Avelox and BSA

According to thismethod about the percentage of
probe replacement method described in 3.4, we have
taken assaysto study the effects of some common an-

80

60 F
T
3
%40 -
20
U 1 1 1
300 320 340 360 380
4 /nm

Cyep = 1.0x106M,1~5C, . =(0.0,2.0,6.0, 10.0, 15.0, 25.0)x10° M (A) A4 =15 nm; (B) AZ =60 nm; T = 293K
Figure7: Synchronousfluorescence spectra of BSA-Avelox system

tibioticsonthebinding of BSA-Ave ox sysem. Thecon-
centrations of BSA and Avelox were kept constant
(1x10°M), whilethat different concentrationsof vari-
ousantibioticseachwereadded intoit. In the study of
thesubgtitution reaction, F, and F, arethefluorescence
intensitiesin the absence and presence antibiotice. It
supposed that there was no effect on the binding of
BSA-Avelox systemwhenthevaueof (F,-F))/F, was
lessthan+5% by Eq.(6), that was, this antibiotice could
coexist withAvelox. Theresultsshowed that it alowed
500 times of gentamicin, thiamphenicol, 300 times of
sulfamethoxazol e, erythromycin and streptomycin, 100
timesof ampicillin, neomycin and kanamycin, 20times
of penicillin G sodium salt and acetyl spiramycin, and
10timesof cefotaxime sodium, cefoperazone sodium,
ceftriaxoneand chloramphenicol to coexist withAve ox,
but abit of ciprofloxacin, norfloxacin could disturb the
stability of BSA- Avelox system, making thefluores-
cenceintengty changed alot. It might result that Avel ox
and ciprofloxacin, norfloxacin all belongto aclassof
drugscdled quinoloneantibiotics, havingmuchsmilar
Structures, hence, therewere certain competition among

themfor the protein. The competition would lead to
binding constant K changed spontaneously. It could
infer that therewere poss ble effectson the stayed-time
from the blood, aswell as plasmaconcentration and
effective concentration, having effects on the efficacy
of drugswhen theantibioticssuch asciprofloxacinand
norfloxacin coexist with Avelox onthebinding reaction
of BSA. However, aminoglycosides, macrolides, sul-
fonamidesand penicillinsantibioticshave no effectson
thebinary system, that is, those antibioticswill not af-
fect thetransportation of Avelox though BSA when they
coexist with Avelox, and a so have no effectson the
efficacy of Avelox.

CONCLUSIONS

In this paper, theinteraction of Avel ox with BSA
was studied at different temperaturesby fluorescence
spectroscopic methods. Theexperimenta resultsindi-
cated that Avel ox molecular had embeddedinto thehy-
drophobic cavity through el ectrostatic force and was
mainly bound to Trp-212 in BSA. The donor-to-ac-
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ceptor distancer waslessthan 7 nm, indicating non-
radliation energy transfer. The negative cooperativity
existedin BSA-Ave ox system for subsequent ligand.
From the synchronous fluorescence spectra, it could
be shown that the quaternary conformationa change of
BSA wasinduced by theinteraction of Avelox withthe
Trp micro-region of BSA molecules. Themethod liked
percentage of probereplacement clearly revealed the
existenceof effectsof common antibioticson thebind-
ing of BSA-Avelox system. Thestudy will extend the
use of fluorescence spectroscopy; meanwhile, it pro-
videsimportantinsightsinto thefuturedinica medicine.

ACKNOWLEDGEMENTS

Theauthorsgratefully acknowledgethefinancid sup-
port of National Science Foundation of China(Grant
no. 20675024) and Hebei Provincial Key Basic Re-
search Program (Grant no. 10967126D).

REFERENCES

[1] K.H.Ulrich; Pharm.Rev., 33, 17 (1981).

[2] C.Bertucci, E.Domenici; Curr.Med.Chem., 9, 1463
(2002).

[3] S.Y.BIi, Y.T.Sun, C.Y.Qiao, H.Q.Zhang, C.M.Liu;
J.Lumin., 129, 541 (2009).

[4] GLupidi, A.Scire, E.Camaioni; Phytomedicine, 17,
714 (2010).

[5] F.Ding, G.Y.Zhao, S.C.Chen, F.Liu, Y.Sun,
L.Zhang; J.Moal.Struct., 929, 159 (2009).

[6] J.Q.Liu, JN.Tian, J.Y.Zhang, Z.D.Hu, X.G.Chen;
Anal.Bioanal.Chem., 376, 864 (2003).

[7] GJ.Zhang, B.Keita, J.C.Brochon, de.O.Pedro,
L.Nadjo, C.T.Craescu, S.Miron; J.Phys.Chem.B.,
111, 1809 (2007).

[8] K.Zhu, S.Y.Tong; Chem.J.Chinese U., 17, 539
(1996).

[9] FEDing, N.Li,B.Y.Han, FLiu, L.Zhang, Y.Sun; Dyes
and Pigments, 83, 249 (2009).

[10] S.Y.Bi, C.Y.Qian, D.Q.Song, Y.Tian, D.J.Gao, Y.Sun,
H.Q.Zhang; Sens.Actuators.B., 119, 199 (2006).

[11] N.Shahabadi, M.Maghsudi; J.Mal.Struct., 929, 193
(2009).

[12] N.Wang, L.Ye, F.Yan, R.Xu; Int.J.Pharm., 351, 55
(2008).

[13] P.D.Ross, S.Subramanian; Biochemistry, 20, 3096
(1981).

[14] M.Gharagozlou, D.M.Boghaei; Spectrochim.Acta,
Part A., 71, 1617 (2008).

[15] A.Sutkowska, M.M.Jurczyk, B.Bojko, J.Rownicka,
|.Z.Skupiedi, E. Temba, D.Pentak, W.W.Sutkowski;
J.Mol.Struct., 881, 97 (2008).

[16] M.M.Jurczyk, A.Sutkowska, B.Bojko, J.Rownicka,
W.W.Sutkowski; J.Mol.Struct., 924-926, 378
(2009).

[17] Q.L.Guo, R.Li, FL.Jiang, J.C.Tu, L.W.Li, Y.Liu;
Acta.Phys.Chim.Sin., 25, 2147 (2009).

[18] GSudiow, D.J.Birkett, D.N.Wade; Mol .Pharmacal.,
11, 824 (1975).

[19] GSudiow, D.J.Birkett, D.N.Wade; Mol .Pharmacal.,
12, 1052 (1976).

[20] K.Yamasaki, T.Maruyama, U.Kragh-Hansen,
M.Otagiri; Biochim.Biophys.Acta., 1295, 147
(1996).

[21] B.Bojko, A.Sutkowska, M.Maciazek-Jurczyk,
J.Rownicka, W.W.Sutkowski; J.Pharm.Biom-
ed.Anal., 52, 384 (2010).

[22] Y.Y.Yue, X.G.Chen, J.Qin, X.J.Yao; J.Pharm.Bio-
med.Anal., 49, 753 (2009).

[23] Y.Y.Yue, X.G.Chen, J.Qin, X.J.Yao; Dyes Pig-
ments., 79, 176 (2008).

[24] Y.J.Hu, Y.Liu, L.X.Zhang, R.M.Zhao, S.S.Qu;
J.Mol.Struct., 750, 174 (2005).

[25] J.B.Xiao, X.Q.Chen, X.Y.Jiang, M.Hilczer;
J.Fluoresc., 18, 671 (2008).

[26] Y.J.Hu, Y.Liu, R.M.Zhao, J.X.Dong, S.S.Qu;
J.Photochem.Photobiol .A.Chemistry., 179, 324
(2006).

[27] B.Huang, GL.Zou, T.M.Yang; Acta.Chim.Sin., 60,
1867 (2002).

[28] X.H.Wu, J.H.Zhou, X.T.Gu, S.H.Wei, Y.Y.Feng,
T.H.Lu, X.SWang, B.W.Zhang; Spectrosc.Spe-
ct.Anal., 26, 2287 (2006).

BioTechnology —

Hn Tudian Jounual



