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ABSTRACT KEYWORDS
After the reaction of Bovine serum albumin and Kanamycin sulfate, the Fluorescence probe;
fluorescence intensity of Bovine serum albumin has no obvious change, EosinY;

Bovine serum albumin;
Kanamycin sulfate;
Combination reaction.

so there is no way to directly research Kanamycin sulfate and Bovine
serum albumin binding reaction with fluorescence spectrometry. This ar-
ticle study the combination of Kanamycin sulfate and Bovine serum albu-
min with Eosin Y as a fluorescence probe, using the method of fluores-
cence spectrum. Research has shown that after adding Kanamycin sulfate
to the Bovine serum albumin and Eosin Y system, the fluorescence inten-
sity of Bovine serum albumin has recoveried. So it can be concluded that
Kanamycin sulfate specifically binds to Bovine serum albumin, and it
determinethebinding site on sub-domain I1A (sitel) of Kanamycin sulfate

and Bovine serum albumin.

INTRODUCTION

Serumabuministhemgjor transport proteininthe
blood circulatory system; thus, it playsamajor rolein
thetransport and delivery of variousendogenousand
exogenous compounds, such asmetabolites, drugs, and
other biologically active substances®3. In recent de-
cadesinvestigations of theinteraction between drugs
and bovine seruma bumin (BSA) by useof thefluores-
cence method have been extensively reported™. The
fluorescence spectrum changeisobviousinthelitera-
ture 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-
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molecules. The problem can be effectively solved by
using thefluorescent probemethod, inwhichthemecha:
nism of theinteraction between pharmaceutical mol-
eculesand biomacromoleculeisinvestigated by observ-
ing changes of the fluorescence spectraof bio-macro-
moleculeor probe moleculeoninteraction of drug and
probemolecules, thusyidding afurther understanding
of thefunctiona mechanism of drugmoleculesinvivo.ln
the past few years, the competitiveinteraction between
the pharmaceutical moleculeswith biologic activity and
abuminswhich act asthemode s of proteinsto probe
moleculeshasbeen widely studied by fluorescent probe
technique and other techniques®¥. Research on com-
bination mechanism and model of proteinand dyeis
conduciveto study the combined action of coordina
tion essence of biologica macromoleculesand small
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organic molecules. Therefore, it turnsthe dye as spec-
troscopic probes of protein moleculesinto aresearch
field which attracts so much attention.

EosinY (EY)1* jsahalogenated derivative of
thexanthenedyefluorescean. Itsfluorescent properties
arehighly dependent on variationsinitsenvironment,
such as solvent polarity and the presence of cationic
surfactants; the environment-dependent fluorescence
makesthisorganic dyeapowerful probe of biologica
molecules. Theapplicationsof eosinY include detec-
tion of submicrogram quantitiesof awiderangeof pro-
teins, usein dye-sensitized solar cells, photodynamic
inactivation of virusesand cellsand phototherapy for
cancer, inwhicheosinY isused asan efficient photo-
sengitizing agent to produce singlet molecular oxygen
ground state molecular oxygen. Kanamycin sulfate
(Kan)¥ isan aminoglycosi deantibictic that inhibitsthe
growth of both Gram-positiveand Gram-negative bac-
teria. It iswidely administered asasecond lineantibi-
oticintheform of injection and capsulesand isalso
used in veterinary medicine. Becausethereareno ob-
viousexperimenta resultsfor the combination of BSA
and Kan, so thereisno way to directly research Kan
and BSA binding reaction with fluorescence spectrom-
etry. Inthispaper, weusing EY asafluorescenceprobe
to research Kan and BSA binding reaction and reac-
tion mechanism under the physiologica conditions. Proof
of Kan and protein binding in vivo, and through the
BSA-EY system including Warfarin, Ibuprofen and
DigoxinasBSA spacedomain of sitel, 11, 111 position
of labeled drug, indicated that binding of Kanto BSA
primarily occurred in sub-domain 1A (sitel). Withthis
work we providean effective method to study the con-
jugation reaction between somedrugsand BSA.

EXPERIMENTAL

Apparatusand reagents

All fluorescence spectra were recorded using
Shimadzu RF-5301PC. Absorptionwasmeasured with
an UV-vis recording spectrophotometer (UV-265
Shimadzu Japan). All pH measurementsweredonewith
apHS-3C precision acidity meter (Leici, Shanghai).
All temperatures were controlled by CS501 super
heated water bath (Nantong Science Instrument Fac-

tory).
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BSA waspurchased from SigmaCompany (noless
than 99% pure). TheeosinY was high purity gradeand
imported to load separately, which was produced by
Amresco Company. Stock solutionsof BSA (1.0x10°
mol L) and EY (2.0x10 mol L) were prepared.
The stock solutionswere further diluted asworking
solutionsprior to use. Kanamycin sulfate (Kan), which
was obtai ned from Beijing Xinjingke Biotechnology
companies, was prepared asworking solution (4.86x 10
®mol LY).Warfarin, ibuprofen, and digoxin wereall
obtained from the Chinese Ingtitute of Drug and Bio-
logica Productsand further diluted asworking solution
(1.0x10°mol L1). Tris-HCI buffer (0.05 mol L*,
pH=7.40), which contains 0.2 mol L NaCl solution,
wasprepared. All other reagentswere of andytical re-
agent grade and all aqueous solutionswere prepared
with newly double-distilled water and stored at 277 K.

Under some conditionsthefluoresced light isab-
sorbed by quenching groups on neighboring substrates
or cleaved product molecules so that only afraction of
thefluoresced light impingesupon thedetector system
of thefluorometer. This phenomenonisknown asthe
inner filter effect. Thefluorescenceintensitieswere cor-
rected to avoid theinner filter effect using therelation-
ship (Eq. (21)):47
Feor = Fops X glectAen)/2 ()
WhereF_ andF arethecorrected fluorescencein-
tengty and the observed fluorescence intensity, respec-
tively,andA_ and A aretheabsorption of thesystem
a theexcitationwavelength (A, ) andtheemissonwave-
length (A,,), respectively. Theintensity of fluorescence
used inthis paper wasthe corrected fluorescencein-
tengity.

Procedures

At 293, 303, and 310K, 1.0 mL pH =7.40 Tris-
HCI buffer solutionwas placed in a10.0 ml colorim-
etry tube, followed by a known amount of 1.0x10°
mol L BSA aqueous solution 0.4ml and 2.0x10* mol
L1EY agueoussolution. The mixture wasdiluted to
10.0 ml with distilled water and then shaken until ho-
mogenous. After a20-minwait at the temperature of
the experiment, fluorescence measurementswere car-
ried out at 340 nm keeping theexcitationwavelength at
280 nm. Excitation dlit and emission dlit were set as5
nm.
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1.0 ml Tris-HCI buffer solution was placed in a
10.0ml colorimetry tube, followed by aknown amount
of 1.0x10°mol L EY agqueous solution 1.0 ml and
1.0x10° mol L-*BSA agueoussolution. Themixture
was diluted to 10.0 ml with distilled water and then
shaken until homogenous. After a20-minwait at 303
K, the absorption spectrum of the solution was re-
corded.

At 293, 303, and 310K, 1.0 ml Tris-HCI buffer
solutionwasplaced ina10.0 ml col orimetry tube, fol-
lowed by 0.4 ml 1.0x10°mol L-* BSA agueous solu-
tionand 0.4 ml 1.0x10°mol Lt EY agueoussolution.
After a20-min wait at the temperature of 303 K, a
known amount of 4.68x 10 mol L Kan solutionwas
added. Themixturewasdiluted to 10.0 ml with dis-
tilled water and then shaken until homogenous. After a
20-minwait at thetemperature of 303 K, fluorescence
measurementswere carried out at 340 nm keeping the
excitation wavelength at 280 nm. Both excitation and
emissonditswereat 5 nm. Inaddition, theabsorption
spectrum of the solution wasrecorded.

1.0 ml Tris-HCI buffer solution was placed in a
10.0 ml colorimetry tube, followed by BSA aqueous
solution (0.4 ml 1.0x10°mol L), 0.4ml 1.0x10°mol
Ltstemarker | (WF), 11 (1B), or 11 (DG) for different
series, aknown amount of 1.0x10°mol L1EY ague-
oussolution. Themixturewasdiluted to 10.0 ml with
digtilled water and then shaken until homogenous. After
a20-minwait at thetemperature of the experiment (303
K), fluorescence measurementswere carried out.

RESULTSAND DISCUSSION

Fluor escence spectroscopic studiesof EosinY and
bovineserumalbumin

Thefluorescence emission spectraof BSA inthe
absenceand presenceof EY areshowninFigure 1. It
isobserved that thefluorescenceintensity of BSA de-
creasesregularly upon theincreasing concentration of
EY, whereas BSA fluorescence emission band isabout
340 nmwith no obvious shift. Thisindicatesthat EY
could bindto BSA without dteringloca didectricenvi-
ronmentg 819, No emissionwasgivenfrom EY under
thesameconditions.

Theabsor ption spectra of thebovine serum albu-
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minand EosinY system

The absorption spectraof EY intheabsenceand
presence of BSA areshownin Figure 2. Asit can be
seenfrom Figure 2, BSA had no absorptionintherange
450-600 nm and &, of EY wasat 514 nm. The ab-
sorbanceof EY at 514 nm decreased with increasing
concentration of BSA and therewasared shift of the
absorption wavelength onaddition of BSA, indicating
that EY reacted with BSA formingacompound. At the
sametime, it proved that the fluorescence quenching
was static quenching®!.
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Figure 1 : Fluorescence emission spectra of BSA-EY
(T=303K)
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Effect of kanamycin sulfate on the fluor escence
emission spectraof thebovineserum albumin and
EosinY system

Theemission spectraof BSA-EY inthe absence
and presenceof Kan areshown in Figure 3. Asshown
inFigure3, with theexcitation wavelength at 280 nm,
the maximum emission wavel ength of BSA was 340
nm. Therelativefluorescenceintensity of the system
gradually recovered with increasing concentration of
Kan. Thisisindicative of acompetitive reaction be-
tween Kanand BSA for EY.

Fluorescence
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Figure 3 : Fluorescence emission spectra of BSA-EY-Kan

(T=303K)
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Fluor escence quenching mechanism of bovine se-
rumalbuminby EosinY

Fluorescence quenchingisusualy classified asdy-
namic quenching and atic quenching. Dynamic quench-
ing, or collisona quenching, resultsfrom collision be-
tween fluorophore and quencher. Static quenchingis
dueto the ground-state complex formation between
fluorophore and dye. To determine the mechanism of
binding between BSA and EY, fluorescenceintensity

datawere analysed by the Stern—Volmer equation (Eq.
(2)):
Fo/F=1+K  1,[Q]=1+K 4[Q] )

WhereF  and F arethe steady-state fluorescencein-
tensitiesof BSA at about 340 nm beforeand after the
addition of quencher (EY); K, isthe quenching rate
congtant of thebiomol ecule; z,istheaveragelifetimeof
the biomoleculewithout thequencher, whichisgpproxi-
mately 10° s, K, and [ Q] arethe quenching constant
and the concentration of quencher EY, respectively. In
suchananalysis, aplot of F /F versus[ Q] will givea
straight line. By Stern-Volmer equation, Kq andliner
correlation coefficient r, at threedifferent temperatures
areobtained and summarizedin TABLE 1. Itisclear
that K, was decreased with theincreasing temperature
anditwasmuch larger than 2.0x10%° L mol* s, which
implied that the quenching of BSA by EY may bea
static process.

For the static quenching interaction, under the as-
sumptionthet thereare s milar andindependent binding
sitesinthe biomolecule, the binding constant and the
number of binding sites can be derived from thedouble
logarithm regression curve (Eq. (3)):%%
l9[(Fo —F)/F]=nlg[Q]+IgK » ©)
whereK | isthebinding constant or the apparent asso-
ciation constant for drug-protein interaction, nisthe
number of binding sites. By the plot of Ig[ (F-F)/F]
versusig[ Q] , thevaluesof K, and n can be obtained
andwerelistedin TABLE 1. It wasfound that K, de-
creased withincreasing temperature, resultinginare-
duction of the stability of the EY-BSA complex. The
vaueof nwasgpproximately equal to 1, indicating that
therewasonesnglebindingsitein BSA for EY during
their interaction. So theresult again confirmed that the
guenching mechanismwasadtatic quenchinginitiated
by the formation of the ground state BSA-EY com-
plex?4,

TABLE 1: Quenching reactiveparameter of BSAand EY at different temperatures

TI(K) Kq/(L mol™s? r SD, Ka/(L mol™) r SD, n
293 3.20x10™ 0.9917 0.068 6.18x10° 0.9932 0.055 1.04
303 3.10x10* 0.9911 0.049 5.26x10° 0.9990 0.025 1.03
310 2.80x10™ 0.9972 0.022 4.13x10° 0.9941 0.041 1.03

K, is the quenching rate constant; K, is the binding constant; n is the number of binding sites. r,is the linear relative coefficient
of F/F~[Q]; r,isthelinear relative coefficient of Ig(F -F)/F~Ig[Q]. SD is the standard deviation
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Thermodynamic parameter sand natureof bind-
ingforces

Thereareessentially four typesof non-covalent in-
teractionsthat play akey rolein bindingligand to pro-
teins. Theseare hydrogen bonds, Van der Waa sforces,
dectrostatic and hydrophobic bondsinteractiond® . The
thermodynamic parameters dependency to tempera-
ture must be obtained in order to eucidatethe Interac-
tionforcesbetween EY and BSA. If thetemperature
doesnot vary significantly, the enthal py change (AH)
and entropy change (AS) can beregarded as constants.
Thethermodynamic parameters can be determined by
theVan’t Hoff equation (Egs. (4), (5)):[26%"

RINK =AS—-AH/T 4

AG = AH-TAS ©)
WhereK isthe binding constant K, and Risthe gas
constant. Enthal py change (AH), entropy change (AS)
and freeenergy change (AG) for thebindinginteraction
between EY and BSA werecd culated using Egs. (4)
and (5). Theresult of AH, AS and AG were-11.9KJ
mol, 89.4 KImol?, -39.0 KImol* (T=303 K), re-
spectively. The negativeva ue of AG indicated aspon-
taneous reaction occurred between EY and BSA. The
negativevaue of AH and positivevaue of ASshowed
that el ectrostati c attraction played animportant rolein
thebinding of EY to BSA™,

Binding distance between bovine serum albumin
andEosnY

According to the theory of Foster non-radiative
energy trandfer, if theemitted fluorescence from donor
can beabsorbed by acceptor, energy may transfer from
the donor to the acceptor!?39, Then the distance be-
tween thedonor (BSA) and the acceptor (EY) can be
caculated by (Eq. (6)):

E=1-F/F,=R§/(R§+r°) (6)
Where E isthe efficiency of energy transfer, r isthe
di stance between acceptor and donor and R istheccriti-
ca distancewhenthetrandfer efficiency is50%, F and
F werethefluorescenceintensitiesof BSA at 340 nm
intheabsenceand presenceof EY, respectively, R can
becalculated by (Eq. (7)):

RS = 8.78x107°K 2ON™J @)
WhereK?isthe spatia orientation factor of thedipole,
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Nistherefractiveindex of themedium, @ isthefluo-
rescence quantum yield of the donor. Herein, K2, N
and @ are 2/3, 1.336 and 0.118 for BSA, respec-
tively32, Jisthe overlapintegrd of thefluorescence
emission spectrum of the donor (BSA) with the ab-
sorption spectrum of theacceptor (EY) (Figure4), which
isgivenby (Eq. (8)):

J =ZF(A)e(A)A AL/ ZF(L)AM (8
Where F(1) isthefluorescenceintensity of thefluores-
cent donor at wavelength, A; and ¢(1) isthemolar ab-
sorption coefficient of theacceptor at wavelength, 1. J
can beeva uated by integrating the spectrain Figure 4.
The values of E, J, R, and r were summarized in
TABLE 2. Accordingto Foster’s nonradiative energy
transfer theory, thevalue of r islessthan theacademic
vaue (7 nm), indicating that thefluorescence quenching
of BSA by EY wasanon-radiation transfer process
andtheenergy transfer fromBSA toEY occurred with
high possibility. Therefore, it indicatesthat the energy
transfer quenchesthe fluorescence of BSA when EY
bindsto BSA.

1000 0.03
2
800 - . 1’ \i
[
— //\ ‘f l 0.02
2 ) | \ j g‘ 2
g \ o
g I / \ /‘ ‘R g
3 400 |- / \ / | 2
E L \ / | oo
) \¥~ | |
|
, / \
ol N I T T . 0.00
400 450 500 550

Wavelengh(nm)
Cgen= C,=4.0x107"mol L
Figured4: Overlap of thefluor escence emission spectrum of
BSA (1) with theabsor ption spectrum of EY (2) (T=303K)

TABLE2: Parametersof E%, J, R, r between EY and BSA at
different temperature

T/I(K) E/(%) J(cm*Lmol®) Ry(nm) r/(nm)
293 572 5.65x10™% 2.09 1.98
303 564 5.63x10™" 2.08 1.99
310 554 5.62x10™% 2.08 2.01

R, is the critical distance when E is 50%; r is the distance
between acceptor and donor; J is the overlap integral between
the fluorescence emission spectrum of the donor and the ab-
sorption spectrum of the acceptor
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Fluorescencer ecovery mechanism

When Kanwasadded into the BSA-EY complex
system the fluorescenceintensity of BSA recovered
(Figure3). Thisphenomenonindicated therewasacom-
petitiveinteraction between Kanand EY for BSA. Eqgs.
(9) and (10) show the competitivereaction:
BSA-EY+Kan—BSA-Kan+EY ©)

Or BSA-EY+Kan—EY-Kan+BSA-Kan (10)

Theabsorption spectraof BSA-EY intheabsence
and presence of Kan were recorded to confirm the
competitive reaction according to Egs. (9) or (10)
(Figure5). Asit can be seen from Figure 5, Kan and
BSA had no absorptionin therange 450-600 nm and
A Of EY wasat 514 nm. The absorption of EY de-
creased with increasing concentration of Kan. If the
competitive reaction was according to Eq. (9), the
absorption of EY should beincreased withincreasing
concentration of Kan, whichisnot observed (Figure
5). If the competitive reaction was according to Eq.
(10) Kan had bound EY and caused the absorption
of EY to gradually decrease with increasing concen-
tration of Kan, whichisconsstent with Figure 5. There
was no obviousfluorescenceintensity change on com-
bining BSA and Kan, so therelativefluorescencein-
tensity of BSA gradually recovered with increasing
concentration of Kan, whichisconsstent with Figure
3. Therefore, the competitive reaction was according
to Eg. (10).

0.10

Absorbance

0.00 " I T 1
400 450 S00 550
\Wavelength(nm)

1, C_,=1.0x10°mol L* 2-4 C__, (4.0x107mol/L)+C_, (1.0x10
®mol L)+C, _ (0, 0.486, 1.458)x10°*mol L%, 5, C,_,=4.0x107"mol
L% 6,C,,=1.458x10°mol L*

Figure5: Absor ption spectra of BSA-EY-Kan (T=303K)
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Effect of stemarkerson bindingof eosinY tobo-
vineserumalbumin

Thecrystd structure of BSA isaheart-shaped he-
lical monomer compaosed of threehomologousdomains
named |, 11, and 11, with each domain including two
sub-domainscalled A and B toformacylinder™. The
principa ligand-binding regionsof abumin arehydro-
phobic cavitiesin sub-domainsiIA and 1A, whichhave
smilar chemica properties. Thesetwo binding cavities
areadsoreferredtoassitesl, I, and 111 (sitel in sub-
domainll, stesll and Il insub-domainlllA). Toidentify
thebinding siteon BSA, sitemarker competitive ex-
perimentswere carried out, using the drug which spe-
cialy bindsto aknown site or regionon BSA. X-ray
crystdlography studieshave shown that warfarin (WF)
bindsto subdomain I1A whereasibuprofen (IB) and
digoxin (DG) arebdievedto bindtol11A binder sitesl|
and 1, respectively*4. Information about EY-BSA
binding site can therefore be obtained by monitoring
changesin thefluorescence of EY-bound BSA caused
by binding by sitel (WF), sitell (IB), andsitelll (DG)
markers. Binding constants determined on the basis of
Eq.3 show theeffect of WF, IB, and DG on BSA-EY
at 303 K. It isobserved that binding constantsfor the
ternary system (Ko, ;. 5, =0.86x10°L mol™*, K,
By —1-98x10°L mol*, and K, . . =2.11x10° L
mol?) arelower than that for the binary system BSA-
EY (K g £,=5-26x10°L mol™). It canbeseenthat the
binding constant for theternary system BSA-WF-EY
wasthe most different, indicating that WF hindersthe
formation of BSA-EY and can competefor the same
binding steinsub-domain[lA (sitel). Thecompetitive
interaction between Kanand EY for BSA canasobe
caused by location in the samebinding siteon sub-do-
main I1A(sitel). Therefore, it can be concluded that
Kan specificaly bindsto BSA.

CONCLUSIONS

The reaction of Kan and BSA can’t make BSA
fluorescence change, so it can not study the reaction
mechanism of the two by fluorescence spectroscopy.
By usngEY asafluorescent probe, andusing EY and
Kan competitionfor BSA binding reaction, it provethe
exigenceof thebinding reaction betweenKanand BSA.
Theresearch on competitive drug application shows

A udéan Journal



PCAIJ, 9(5) 2014

Baosheng Liu et al.

159

that the binding between Kan and BSA isthebinding
sitefor thespecific Sitel. Thestudy of competitivere-
actionswith afluorescent probe broadensthe scope of
drug research and establishes new approachesto re-
search on theinteraction between BSA and optically
inactive moleculesor moleculeswithweak opticd Sg-
nal changes. Thisisof great significanceto understand-
ing of the absorption, distribution, and metabolism of
drugs and theinteraction between BSA and drugs.
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