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ABSTRACT KEYWORDS
Using Acriflavine as fluorescent probe to study the seven kinds of drugs Acriflavine;
to combination of the bovine serum abumin. Thesedrugsare Streptomycin Bovine serumalbumin;
sulfate, Kanamycin sulfate, Gentamicin, Amikacin, Neomycin, Drugs;
Thiamphenicol, and Florfenicol. And after reaction of bovine serum albumin Spectroscopy;

and these drugs, the fluorescence intensity of bovine serum albumin has Bonding mechanism.
no obvious change. Research has shown that after adding seven kinds of
drugs to the bovine serum albumin and Acriflavine system, respectively,
the fluorescence intensity of bovine serum albumin has recoveried. The
degree of recovery are GM> TN> NM> FN> KM> SM> AM. It can be
concluded that the seven kinds of drugs specifically bindsto bovine serum

albumin, and it determine the binding site on sub-domain 1A (sitel) of the

seven kinds of drugs and bovine serum albumin.
© 2015 Trade ScienceInc. - INDIA

INTRODUCTION

Acriflavine (ACF) aso called Acriflavinium chlo-
ride, isakind of topical antiseptic agent derived from
acridine, first synthesized in 1912 by Paul Ehrlich, a
German medi cal researcher and wasused intheearly
20th century, during the First World War, as topical
antibacteria and againgt degpingsickness. Acriflavine
has proved an effective agent for gonorrhea, meningi-
tis, intestind infections, diphtheria, pneumonia, cholera
and infected wounds; in some countriesisat present
formulated with urotropineaswell known urinary tract
antisepticld. Kanamycin sulfate (KM), Streptomycin
(SM), Amikacin (AM), Gentamicin (GM), Neomycin

(NM) belongsto aminoglycos deantibiotics, they were
thelong-sought remedy for tubercul osisand other seri-
ous bacteria infections®. Thiamphenicol (TN),
Florfenicol (FN) belongsto the chloramphenicol of
broad-spectrum antibiotic. Serum albumin, the most
abundant protein constituent in blood plasma, can be
combined withalot of endogenousand exogenouscom-
poundsand playsafundamental roleinthedisposition
and transportation of variousmolecules. Therefore, in-
vestigating the binding mechanism of endogenous or
exogenous compounds and serum albuminshasvery
sgnificant implicationsfor thelife sciences, chemistry,
pharmacy and clinical medicine. Inrecent decadesin-
vestigations of theinteraction between drugsand bo-
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vine serum albumin (BSA) by use of thefluorescence
method have been extensively reported“”. Thefluo-
rescence spectrum changeisobviousintheliterature
reported®, However, in many cases the required
experimental datacannot be measured directly or cal-
culatedindirectly because of alack of experimental re-
sultsor theinconclusive nature of experimental results
for the pharmaceutical molecul es and the bio-macro-
molecules. The problem can be effectively solved by
using thefluorescent probe method™24, Inthispaper,
weusingACF asafluorescence probeto research seven
drugsand BSA binding reaction and reaction mecha-
nismunder the physiologica conditions. Proof of seven
drugsand BSA bindinginvivo, and thebinding capac-
ity were GM>TN>NM> FN>KM> SM>AM. De-
terminethe combination regional of theseseven drugs
and BSA. Thisstudy providesamethod for the study
of reaction mechanism that somedrugs(smilarto TN,
KM, SM,AM, GM, NM and FN) reacting with pro-
tein.

EXPERIMENTAL

Apparatusand materials

All fluorescence spectra were recorded on a
Shimadzu RF-5301PC spectro-fluorophotometer. All
spectrophotometric measurementsweremadewith a
Shimadzu UV-265 spectrophotometer. 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).

Bovine serum albumin was purchased from
Sigma(the purity gradeinferior 99%) and stock solu-
tions(1.0x10°mol L) were prepared by doubly dis-
tilled water. Acriflaving(2.0x 10 mol L) wereprepared
by doubly distilled water, respectively. All the stock
solutionswerefurther diluted asworking sol utionsprior
to use. Warfarin, ibuprofen, and digoxinwereal ob-
tained fromthe ChineseInstitute of Drug and Biologi-
cal Productsand further diluted asworking solution
(2.0x10°°mol L ). TheTris-HCI buffer (0.05mol L7,
pH=7.40) containing 0.15 mol L-*NaCl was selected
to keep the pH value constant and to maintain theionic
strength of the solution. All other reagents were of

anaytica reagent grade and double-ditilled water was
used during the experiment. And dl the stock solutions
were stored at 277 K.

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

F, =F,, xgfetha) @

cor

where F_ and F _ are the corrected and observed
fluorescenceintensitiesrespectively. A, and A, arethe
absorbancevauesof aspirinat excitationand emisson
wavel engths, respectively. Thefluorescenceintensity
used in thispaper was corrected.

Procedures

Fluor escence spectra and synchronous fluor es-
cence spectra

In the experiment we usethe 1.0 mL of pH 7.40
Tris-HCI, acertain amount of 1.0x10°mol L*BSA
solution(0.4 mL.), and different amount of ACF (1.0x10-
3mol L) wasadded into 10 mL colorimetric tube se-
quentialy. Thesampleswerediluted to scaled volume
with double-ditilled water, mixed thoroughly by shak-
ing, and kept static for 30 minutes. The fluorescence
emission spectrawere measured at 293, 303, and 310
K with thewidth of the excitation and emission dit ad-
justed at 5.0 and 5.0 nm, respectively. An excitation
wavelength of 280 nm was chosen and the emission
wavelength was recorded from 285 to 450 nm. The
synchronous fluorescence spectrawere obtained by
simultaneously scanning the excitation and emission
monochromators. It wererecorded at AA=15nmand
60 nmintheabsenceand presenceof variousamounts
of ACF over awave ength range of 280-400 nm.

Effectsof drugson BSA-ACF system

At 293K, first we adding 0.4 mL1.0x10“mol/L
ACF solution, then adding the different amount of
drugs(2.0x103mol L), respectively. After themethod
accordingto 2.2.1 operation.

Determination of thebinding sites

At 293K, adding (0.4 ml 1.0x10°mol L) akind
of competition reagents(sitemarker | (WF), 11 (IB), or
11 (DG), respectively) to the mixture of BSA-ACF
system. After themethod accordingto 2.2.1 operation.
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RESULT AND DISCUSSION

Fluor escencequenching spectraof BSA-ACF sys-
tem

Theintrinsicfluorescence of proteinisasensitive
tool to study the conformation of proteinwhen itsenvi-
ronment or structure gets change. The quenching
mechanism of fluorescence can beclassfiedinto static
guenching and dynamic quenching*. Dynamic quench-
ingismainly caused by collisional encountersbetween
thefluorophore and the quencher, static quenching is
mainly resulted from theformation of stablecompound
between fluorophore and quencher™. Figure 1 shows
the fluorescence emission spectraof BSA inthepres-
ence of variousconcentrationsof ACF at 293 K. The
fluorescenceemissonintensty of BSA decreased regu-
larly with thegradud addition of ACF. Thisresult indi-
catesthat ACF can interact with BSA and quench its
intrins ¢ fluorescence, changing the microenvironment
of thefluorophores.

If it isassumed that the fluorescence quenching
mechanism of BSA by ACFisdynamic quenching pro-
cess, fluorescence quenching can be described by Stern-
Volmer equation(*?,

F/F=1+K 1,[Q]=1+K [Q] @
whereF and F arethereativefluorescenceintensities
inthe presenceand absence of quencher, respectively;
[Q] istheconcentration of quencher, K isthe Stern-
Volmer quenching constant, which measuresthe effi-
ciency of quenching. kq isthe quenching rate constant
of the biomolecule, 1 isthe average lifetime of the
biomoleculein absence of quencher eva uated a about
10* ™. According to the Stern-Volmer plotsof F /F
versusquencher concentration at different temperatures
(293, 303, and 310 K). The guenching rate constant
quasobtai ned andlistedin TABLE 1. Itisobvious
K, decreaseswith rising temperatures, revealing that
thequenchingisinitiated by static quenching process.
Moreover, the values of Ky between BSA and ACF
ared| greater than 2x10%° L-mol™*-s*. Therefore, ACF
binding BSA wasadtatic quenching processproved to
be trug?,

For the stati c quenching interaction, under the as-
sumptionthat therearesmilar andindependent binding
sitesin the biomolecule, the binding constant and the
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number of binding sites can be derived from thedouble
logarithm regression curve (Eqg. (3))2Y

l9[(Fo —F)/F]=nlg[Q] +IgK ©)
where K isthe binding constant, nisthe number of
binding sites. [Q] isthetotal concentrationsof ACF.
Thecurveof log [(F,-F)/F] versuslog [Q] isdrawn
and fitted linearly, then the value of nand K_can be
obtained from theplot. And TABLE 1 givesthecorre-
sponding ca culated results. Thevaueof namost equals
to 1, indicating that thereisoneclassof bindingsitefor
ACFto BSA molecule. Inother words, ACFand BSA
formacomplex withmolar ratio 1:1. Accordingto the
resultsshownin TABLE 1, the binding constants of the
interaction between ACF and BSA decreaseswith the
risng temperature, further suggested that thequenching
was astatic process?.

Synchronousfluor escence spectra

The synchronous fluorescence spectracan provide
informati on on themolecular microenvironment, par-
ticularly inthevicinity of thefluorophorefunctional
groups?3. When Al is 15 nm, synchronous fluores-
cence detects characteristics of tyrosine (Tyr) residues,
but when A is 60 nm, characteristic information from
tryptophan (Trp) residuesishighlighted4.

The synchronous fluorescence spectra of BSA-
ACF systemsshowninFigure2. Asseenin Figure 2,
the A . had red shifted when AL =15nm and
AA=60nm(the A__ hasan obviousred shift). Thisindi-
cated that the interaction of BSA with ACF changed
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Figure 1 : Fluorescence emission spectra of BSA-
ACF(T=293K); 1~14C_, (4x10"mol L)+C, . (0,0.1,0.2,
0.3,0.4,05,0.8,1.0, 1.5, 2.0, 3.0,4.0,5.0, 6.0)x10°mol L
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TABLE 1: Quenchingreactiveparameter of BSA and ACF at different temperatures

TI(K) Kq/(L mal™'s?) r SD, Ka/(L mol™) r SD, n
293 6.37x10" 0.9984 0.021 5.18x10* 0.9951 0.051 0.93
303 5.80x10" 0.9961 0.012 4.95x10* 0.9978 0.032 1.09
308 4.38x10" 0.9988 0.007 4.30x10* 0.9936 0.043 0.92

r,r,arethelinear relative coefficient of F /F~[Q],Ig(F -F)/F~Ig[Q], respectively. SD, , SD,arethestandard deviation of F /

F~[Q], 19(F-F)/F~Ig[Q], respectively.
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Figure2: Synchronousfluorescence spectra of BSA-ACF system (T=293K); 1~10C_, (4.0x10"mol L*)+C

1.0,1.5,2.0,3.0,4.0,5.0,6.0)x10°mol L*

the microenvironment of Tyr residues and Trp resi-
dues®.. High concentrations of dyes make protein
mol ecul esextend, reducingtheenergy transfer between
theamino acid residues, and reducing their fluorescence
intengty.

Typeof interaction force of BSA-ACF systems

Basicaly, four maintypesof interactions, hydrogen
bonds, electrostatic forces, van der Waalsforces, and
hydrophobicforcesplay critica rolesintheinteractions
between small molecules and macromolecules?!. In
order to characterizetheforce between ACF and BSA,
thermodynamic parameters onthetemperatureswere
analyzed. Thethermodynamic parameters, freeenergy
change (AG), enthalpy change (AH) and entropy
change (AS) areimportant for confirming thebinding
mode. Thethermodynamic parameters can be calcu-
lated using Egs. (5) and (6)272,

RINK =AS-AH/T ©)
AG = AH -TAS (6)

Inthe present case, K isanalogousto the effective

quenching constantsK_ for the quencher-acceptor sys-
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tem at the corresponding temperatureand Risgas con-
stant. If it isassumed that the enthal py change (AH)
nearly had no changewithin theinvestigated tempera-
ture, thereshould beagood linear relationship between
In K and I/T. The result of AH, AS and AG were -
17.40 KJ mol, 31.00 KJ mol?, -26.79 KJ mol*
(T=293K), respectively. Thisshowed that the el ectro-
static attraction play maor rolesin thebinding process
between ACF and BSA. The negativevaueof AGin-
dicated aspontaneousreaction occurred between ACF
and BSA.

Effect of drugson thefluor escenceemission spec-
traof theBSA-ACF system

Theemission spectraof BSA-ACFintheabsence
and presence of FN areshownin Figure3 (KM, SM,
AM, GM, NM and TN aresimilar to FN). Asshown
in Figure 3, when more and more drugs added to the
system, thefluorescenceintensity at 340nmincreased
gradually, whichindicative of acompetitivebinding re-
action between drugs, ACF and BSA, and made the
fluorescenceintensity of BSA recovered. Comparing
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Figure 3 : Fluorescence emission spectra of BSA-ACF-

FN(T=293K); 1~8 C_, (4.0x10"mol L )+C, _ (4.0x10°mol
LM+C.,(0,0.4,0.8,1.2,1.6,20,4.0,6.0)x10“mol L*

therecovery of BSA fluorescenceintensty of different
drugsat the same concentration: GM>TN>NM> FN>
KM>SM>AM, itindicatesthat the cgpability of com-
petitive binding reaction between drugsand ACF-BSA
system: GM>TN>NM> FN>KM> SM>AM.

Fluor escencer ecovery mechanism

After adding drugsin BSA-ACF system, thefluo-
rescence of the system recoveried (asseenin Figure
3). It showed that, these was acompetition binding re-
action between thedrugsand ACF for BSA. Egs. (6)
and (7) show the competitive reaction (take FN for
example):

BSA-ACF +FN — BSA-FN +ACF (6)
Or BSA-ACF+FN —»>ACF-FN+BSA-FN @)

Assumethat thereaction carried out in accordance
withtheEq. (6), asaresult of FN could not quenchthe
fluorescence of BSA, so with the concentration of the
generated BSA-FN increased gradually, fluorescence
intensity of the system wound restoregradually. This
was cong stent withtheresultsof Figure 3. Inthemean-
time, the concentration of thedissociativeACFincreased
gradually, the absorbanceva ue also increased gradu-
ally and the position of the peak remained unchanged
at 436 nm (asshownin Figure4). Figure4 showed that
drugs, BSA had no absorption in therange of 350-500
nm wavel ength, and the absorbance of the syssem aong
withtheincreasing of drugs’ concentrationat 436 nm

BioTechnologqy —

increased and had no pesk shift phenomenon. It proved
that the reaction was conducted according to the Eq.
(6). If thereaction carried out in accordance with the
Eq. (7), because of FN not quench thefluorescence of
BSA, therefore, with the concentration of BSA-FN in-
creased gradually,thefluorescenceintensity of thesys-
tem wound restore gradually. It inoscul ated with the
resultsof Figure 3. A new compound ACF-FN wound
generate at the sametime, the formation of new com-
pound isoften accompani ed by thedisplacement of the
absorption peak. In Figure 4, beacuse of no peak dis-
placement, it aso proved that the reaction was con-
ducted according to the Eq. (6). Namely inthe pres-
ence of ACF, theseisacompetition binding reaction
between thedrugsand BSA.

ops

Ahsorbainoa

Warabangih {rwm :

Figure4: Absor ption spectra of BSA-ACF-FN(T=293K); 1,
Cyen (4.0x10"mol L7); 2, C_ (4.0x10°mol L™); 3, C, .
(1.0x10°mol L); 4~8, C, . (1.0x10°mol L™)+C_, (4.0x10
'mol L*)+C_, (0,1.0,2.0,3.0,4.0)x10°mol L*

I dentification of thebinding site

At 280 nmwavelength the Trp and Tyr residuesin
BSA areexcited, whereasthe 295 nm wave ength ex-
citesonly Trp residues. In BSA sub-hydrophobic do-
main, 1A (containing both Trp 212 and Tyr 263) and
[11A (containing only Tyr: Tyr 401, Tyr411, Tyr 497) is
the major binding site of small molecule ligands?.
Based on the Stern-Volmer equation, comparing the
fluorescence quenching of BSA excited at 280 nmand
295 nm dlowsto estimate the participation of Trpand
Tyr groupsinthesystem®!, Asseenin Figure 3, inthe
presence of ACF, the quenching curves of BSA ex-
cited at 280 nm and 295 nm didn’t overlap and the
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guenching curvesof BSA at 280 nmwasmuch greater
than 295 nm. This phenomenon showed that Trp and
Tyr residues played animportant roleintheinteraction
between ACFand BSA. Therefore, itimplied that the
primary binding site for ACF was sub-hydrophobic
domain [IABY,

Thecrystd structure of BSA isaheart-shaped he-
licad monomer compaosed of threehomologousdomains
named |, 11, and 111, with each domain including two
sub-domainscalled A and B toform acylinder’®3. The
principa ligand-binding regionsof dbumin arehydro-
phobic cavitiesin sub-domainsiIA and l11A, which have
smilar chemicd properties. Thesetwo binding cavities
areasoreferredtoassitesl, 11, and 111 (sitel in sub-
domain llA, sites1l and Il in sub-domain I11A). To
identify thebindingsiteon BSA, site marker competi-
tive experimentswerecarried out, using thedrug which
specially bindsto aknown site or region on BSA. X-
ray crystallography studieshave shown that warfarin
(WF) bindsto sub-domain [I1A whereasibuprofen (1B)
and digoxin (DG) are believed to bind to I11A binder
sitesll and 1, respectively®3. Information about BSA-
ACF binding site can therefore be obtained by moni-
toring changesin thefluorescence of ACF-bound BSA
caused by binding by sitel (WF), sitell (IB), and site
[1I (DG) markers. Binding constants determined onthe
basisof Eg. (3) show theeffect of WF, IB,and DG on
BSA-ACF at 293 K. It isobserved that binding con-
stants for the ternary system (K =6.54x103

BSA-WF-ACF
D
T £ 200nm
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Figure5 : Fluorescence emission spectra of BSA-ACF (T
=293 K); C,, =4.0x10"mol L*, C, =1.0x10°~ 1.5x10°
mol L

L-mol®; Kyg, g ace=1.19x10* L-mol™; Ko, oo
ace—1.40x10%L-mol ™) arelower than that for the bi-
nary system BSA-ACF (K, ,=5.18x10*L-mol™).
It can be seen that the binding constant for theternary
system BSA-WF-ACF) wasthe most different, indi-
cating that WF hinderstheformation of BSA-ACFand
can competefor the samebinding sitein sub-domain
A (sitel).

CONCLUSIONS

Thebinding ste(sub-domainllA sitel) of ACFon
BSA isdetermined by competitivereagent, provesthe
specific binding between ACF and BSA, and explains
that ACF can study the combination of drugsand pro-
teinsasaprobeinstead of competition reagent. Dueto
After reaction of BSA and KM, SM,AM, GM, NM,
TN, FN, respectivey, thefluorescenceintensity of BSA
has no obvious change, so thereisnoway to directly
research drugsand BSA binding reactionwith fluores-
cence spectrometry. In this paper usngACF asfluo-
rescent probeto study the drugsto respond to the com-
bination of theBSA, it provesthat thereisareaction
between drugsand BSA, and it determinestheir bind-
ing Steonsub-domainllA (sitel). Thestudy of using
fluorescent probesfor theinteraction between no or
weak fluorescenceintensity change of drug molecular
and BSA opens new avenues of research, broadens
the scope of drugsresearch.
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