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ABSTRACT KEYWORDS
After reaction of Bovine serum albumin and Streptomycin sulfate, the Fluorescence probe;
fluorescence intensity of Bovine serum albumin has no obvious change, UV-visible absorption
so thereisno way to directly research the binding reaction of Streptomycin spectrum;
sulfate and Bovine serum albumin by fluorescence spectrometry. In this EosinY;
paper, firstly, we study the interaction between EosinY and Bovine serum Bovine serum albumin;
albumin using the method of fluorescence spectrum and ultraviolet visible Streptomycin sulfate.

absorption spectrometry. After adding the Streptomycin sulfate to the
Bovine serum albumin and Eosin Y system, the fluorescence intensity of
Bovine serum albumin hasrecovered. This showsthat the specific binding
reaction of Streptomycin sulfate and Bovine serum albumin has happened,
and its reaction mechanism has been discussed by fluorescence probe

EosnyY.
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INTRODUCTION

Streptomycin sulfate (SM) isabroad-spectrumglu-
cosamine-based antibiotic. SM iswidely used to treat
tuberculosisduetoitshigh effectivenessand low costl*
4, Serumabumin, themost dbundant proteininplasma,
hasstrongligand binding cgpacity and many physiologica
functions. It acts as adepot protein and a transport
proteinfor avariety of endogenousand exogenouscom-
poundsand playsapharmacol ogica roleinthecolloid
blood pressure and maintenance of blood pH®". The
fluorescence spectrum changeisobviousinthelitera-
turereported®?®, However, in many casestherequired
experimental datacannot be measured directly or cal-
culatedindirectly because of alack of experimental re-

aultsor theinconclusive nature of experimental results
for the pharmaceutical molecul es and the bio-macro-
molecules (such as SM and BSA). The problem can
be effectively solved by using the fluorescent probe
method, inwhich the mechanism of theinteraction be-
tween pharmaceutical moleculesand bio-macromol-
eculeisinvestigated by observing changesof thefluo-
rescence spectraof bio-macromolecule or probemol-
eculeoninteraction of drug and probe molecules, thus
yid dingafurther understanding of thefunctiona mecha:
nism of drug moleculesin vivol*®17, Inthis paper, we
using EY asafluorescence probeto research SM and
BSA binding reaction and reaction mechanism under
the physiological conditions. Proof of SM and BSA
binding invivo, and throughthe BSA-EY systemin-
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cluding Warfarin, Ibuprofen and Digoxin asBSA space
domain of sitel, I1, 111 position of |abeled drug, indi-
cated that binding of SM to BSA primarily occurredin
sub-domain 1A (sitel). With thiswork weprovidean
effective method to study the conjugati on reaction be-
tween somedrugsand BSA.

EXPERIMENTAL

Apparatusand reagents

All fluorescence spectra were recorded with a
Shimadzu RF-5301 spectrafluorophotometer. Absorp-
tion was measured with aUV-Visrecording spectro-
photometer (UV-265 Shimadzu, Japan). All pH mea-
surementsweremadewithapHS-3C precision acidity
meter (Leici, Shanghai). All temperatures were con-
trolled by aCS501 super-heated water bath (Nantong
ScienceInstrument Factory, Ching).

BSA waspurchased from SigmaCompany (noless
than 99% pure). TheEosinY washigh 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. Streptomycinsulfate(SM), which
was obtai ned from Beijing Xinjingke Biotechnol ogy
companies, was prepared asworking solution (2.0x 10
3mol L1). Warfarin, ibuprofen, and digoxinwereal
obtained from the Chinese Institute of Drug and Bio-
logica Productsand further diluted asworking solution
(2.0x10°mol L*). Tris-HCI buffer (0.05 mol L7,
pH=7.40), which contains 0.2 mol L* NaCl solution,
wasprepared. All other reagentswere of anaytical re-
agent grade and all aqueous solutionswere prepared
with newly double-distilled water and stored at 277 K.

Thefluorescenceintensitieswere corrected for the
absorption of excitation light and reabsorption of emit-
ted light to decreasetheinner filter using thefollowing
relationship: (Eg. (2)):&%

Feor = Fobs X glAectAen)/2 @

WhereF_ andF  arethecorrected fluorescencein-
tensity and the observed fluorescenceintensity, respec-
tively,and A, and A, aretheabsorption of thesystem
atheexcitationwavelength (A, ) andtheemissonwave-
length (A, ), respectively. Thefluorescenceintensity used
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inthis paper was corrected.
Analytical procedures

1) At293,303,and 310K, 1.0mL pH =7.40 Tris-
HCI buffer solution was placed ina10.0 ml colo-
rimetry tube, followed by a known amount of
1.0x10°mol L BSA agueoussolution 0.4ml and
2.0x10*mol L1EY agueoussolution. Themixture
wasdiluted to 10.0 ml with distilled water and then
shaken until homogenous. After a20-minwait at
thetemperature of the experiment, fluorescence
measurementswere carried out at 340 nm keeping
theexcitationwaveength at 280 nm. Excitationdit
and emissiondit wereset as5 nm.

2) 1.0 ml Tris-HCl buffer solution was placed in a
10.0 ml colorimetry tube, followed by aknown
amount of 1.0x10°>mol L"* EY aqueous solution
1.0ml and 1.0x10° mol L-*BSA agueoussolution.
Themixturewasdiluted to 10.0 ml with distilled
water and then shaken until homogenous. After a
20-minwait at 303 K, the absorption spectrum of
the solution wasrecorded.

3) 1.0 ml Tris-HCl buffer solution was placed in a
10.0 ml colorimetry tube, followed by 0.4 ml
1.0x10°mol L BSA agueoussolutionand 0.4 ml
1.0x10°mol L* EY agueous solution. After a20-
min wait at the temperature of 303 K, aknown
amount of 2.0x10°*mol L SM solution wasadded.
Themixturewasdiluted to 10.0 ml with distilled
water and then shaken until homogenous. After a
20-minwait at thetemperature of 303 K, fluores-
cence measurementswere carried out at 340 nm
keeping theexcitation wave ength a 280 nm. Both
excitation and emissonditswereat 5nm. In addi-
tion, the absorption spectrum of the solution was
recorded.

4) 1.0 ml Tris-HCl buffer solution was placed in a
10.0 ml colorimetry tube, followed by BSA aque-
ous solution (0.4 ml 1.0x10° mol L), 0.5 ml
1.0x10°mol Lt sitemarker | (WF), 11 (1B), or 111
(DG) for different series, aknownamount of 1.0x10r
®mol L1 EY aqueous solution. The mixturewas
dilutedto 10.0ml withdidtilled water and thensheken
until homogenous. After a20-minwait at thetem-
perature of the experiment (303 K), fluorescence
measurementswerecarried out.
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RESULTSAND DISCUSSION

Effect of EY on BSA fluorescence

Fluorescence quenching refers to any process
which decreasesthefluorescenceintensity of asample.
We measured the fluorescence quenching spectra of
BSA a variousconcentrationsof EY. Theeffect of EY
on BSA fluorescenceintensity wasshowninFigure 1.
Asit followsfrom Figure 1 thefluorescenceintengity of
BSA decreasesregularly with theincreasing of EY con-
centration. Thisindicatesthat EY could bindto BSA
without ateringlocal dielectric environments?,

Fluorescence
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Figure 1 : Fluorescence emission spectra of BSA-EY
(T=303K)

Effect of BSA on EY absor ption spectra

UV-Visabsorption measurementisavery smple
and effectivemethod in exploring thestructura change
and detecting the complex formation'?. For confirm-
ing the static quenching effect may exist inthesystem of
EY and BSA, theabsorption spectraof EY inthepres-
enceand absence of BSA wererecorded and presented
in Figure 2. As can be seen from Figure 2, with the
addition of BSA the absorbance decreasesand the ab-
sorption spectramaximum shiftstowardslonger wave-
lengthregion, whichindicatethat EY canbindto BSA
andformthe BSA-EY complex(®,

Effect of SM on the fluor escence emission spec-
traof theBSA-EY system

The emission spectraof BSA-EY inthe absence

and presence of SM are shown in Figure3. Asshown
in Figure 3, withthe excitation wavelength at 280 nm,
the maximum emission wavel ength of BSA was 340
nm. Therelative fluorescenceintensity of the system
gradually recovered with increasing concentration of
SM. Thisisindicativeof acompetitivereaction between
SM andBSA for EY.
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Figure?2: Absorption spectraof ET-BSA (T=303K)
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Figure 3 : Fluorescence emission spectra of BSA-EY-SM
(T=303K)

Quenchingmechanism

Fluorescence quenching can proceed by different
mechanisms, which areusually classified aseither dy-
namic quenching or static quenching. For dynamic
guenching, the Stern-Volmer equation can beused to
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describethe mechanismi?4;
Fo/F=1+K  10[Q] =1+ K 4[Q] @)

WhereF, and F represent thefluorescenceintensities
inthe absence of and in the presence of the quencher,
Ky isthe bimolecular quenching rate constant anditis
equal toK /7, 7, isthe averagelifetime of the mol-
eculewithout the quencher and istaken as 108s, [ Q]
isthe concentration of the quencher and K, isthe
Stern-Volmer quenching constant. TABLE 1 presents
the calculated K and linear relative coefficientr at
each temperature studied. Theresults show that the
K decreased with the increase of temperature and
the values of K, were much larger than 2.0x10%° L
mol* s. So, the mechanism between the BSA inter-
acted with EY is static quenching and resulted from
the formation of ground state complex between
them®,

Binding constant and binding sites

When smal mol ecul esbind independently to aset
of equivaent siteson amacromolecule, Eq. (3) can be
used to describetherelationshi p between fluorescence
intensity and the concentration of the quencher!?27;

19[(Fo —F)/F]=nlg[Q]+1gK , 3
WhereK _ isthebinding constant and nisthe number
of binding sitesper BSA. Based on Eq. (3), thevaues
of K_ and n can be obtained using the double-loga-
rithmagorithm curve and the corresponding ca culated
resultsare listed in TABLE 1. It was found that K
decreased with increasing temperature, resultingina
reduction of thestability of the EY-BSA complex. The
value of nwasapproximately equa to 1, indicating that
therewasonesnglebindingstein BSA for EY during
their interaction. So theresult again confirmed that the
guenching mechanismwasastatic quenchinginitiated
by the formation of the ground state EY-BSA com-
plext®.,

—— Regdular Peper

Thermodynamic propertiesand typeof interactions
between EY and BSA

Ingenerd, theinteraction forcesbetween proteins
and ligandsinclude hydrophobic, hydrogen bonds, van
der Waals, and electrostatic interactions, etc®. Sup-
posing that therewas no significant changein theen-
thapy (AH) valueover thetemperature range, theen-
tropy change (AS) and thefree energy change (AG) of
binding can beestimated fromthefollowing equations™
RINK =AS—-AH/T (4)
AG = AH -TAS (5
wherethe associ ative binding constant K isana ogous
to the effective quenching constant K _ at the corre-
sponding temperature, Risthe correlation coefficient.
If AH<O and AS>0 el ectrostatic force playsan impor-
tant role in thereaction. If AH<0 and AS<0, van der
Waal sforces and hydrogen bonds aredominant inthe
reaction. If AH>0and AS>0 typical hydrophobicin-
teractionsare dominant in thereaction. Thevaues of
the thermodynamic parameters (AH, AS, AG) were
obtained by Egs(4), (5) and they were-11.9 KImol*,
89.4 KImol?, -39.0 KImol(T=303K), respectively.
The AG<0 indicated aspontaneous reaction occurred
between EY and BSA. And, el ectrostatic interaction
can play amgjor rolein the binding process®Y.

Binding distancebetween BSA and EY

Accordingto theForster non-radioactive resonance
energy transfer theory®, the effective energy transfer
from donor to acceptor will occur when two molecules
meet the following preconditions: (1) donor is a
fluorophore; (2) theoverlgpisenough betweenthefluo-
rescence emission spectrum of thedonor and UV-vis
absorption spectrum of the acceptor; (3) the distance
between the donor and the acceptor iswithin 2-7 nm.
Theenergy transfer effectisnot only related to thedis-
tance between the donor (tryptophan residue) and ac-
ceptor, but aso influenced by thecriticd energy trans-

TABLE 1: Quenchingreactiveparameter of BSAand EY at different temperatures

T/(K) Kg/(L mol™s? r SD, Kd/(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

e, BIOCHEMISTRY

Hn Tndéan g%wumé



86 Study the binding reaction between Streptomycin sulfate and Bovine serum albumin

BCAIJ, 8(3) 2014

Regulor Poper ===

fer distance R, Itisdescribed by thefollowing equa-
tiong™3:
E=1-F/F,=R§/(R§+r°) (6)

RS = 8.78x107°K 2ON™J @)
whereR isthecritical energy transfer distance when
thetransfer efficiency 1is50%, r isthedistance between
the acceptor and the donor, and Eisthe energy trans-
fer efficiency. K isthe spatia orientation factor of the
dipole, Nisrefractiveindex of the medium, @ isthe
fluorescence quantumyield of the donor, and the over-
lapintegral (J) between thefluorescence emission spec-
trum of the donor and the absorption spectrum of the
acceptor can be calculated by the equation4;

J =ZF(A)e(M)A AL/ ZF(A)AN (8)
whereF(1) isthefluorescenceintensity of thefluores-
cent donor at somewavelength, e(1) isthe molar ab-
sorbance of the acceptor at thewavelength A. Figure4
presentstheoverlapintegra of thefluorescenceemis-
son spectrum of BSA and the absorption spectrum of
EY. In the present case, K?=2/3, N=1.336, and
@=0.118%, Hence, from the above equationswe coul d
caculatethefollowing parameters: J, R, E, andr, and
they weresummarized in TABLE 2, implying that the
energy transfer from BSA to EY with high possibility.

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

T/(K) E/(%) Jl(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-
sor ption spectrum of the acceptor

Effect of stemarkerson bindingof EY toBSA

Thecrystd structure of BSA isaheart-shaped he-
licad monomer compaosed of threehomologousdomains
named |, 11, and 111, with each domain including two
sub-domains called A and B to form acylinder6=7,
Theprincipd ligand-binding regionsof dbuminarehy-
drophobic cavitiesin sub-domains1lA and [1IA, which
have similar chemical properties. Thesetwo binding
cavitiesareasoreferredto assites|, |1, and 111 (sitel

BIOCHEMISTRY  (mm—

insub-domain|l, sitesll and I11 in sub-domain1l1A).
Toidentify thebinding siteon BSA, sitemarker com-
petitive experimentswere carried out, using thedrug
which specidly bindsto aknown siteor regionon BSA.
X-ray crystalography studieshave shown that warfarin
(WF) bindsto subdomain I1A whereasibuprofen (1B)
and digoxin (DG) arebelieved to bind to I11A binder
sitesll and I11, respectively!™®. Information about EY-
BSA binding site can therefore be obtained by moni-
toring changesin thefluorescence of EY-bound BSA
caused by binding by sitel (WF), sitell (IB), and site
[11 (DG) markers. Binding constantsdetermined on the
basis of Eq.3 show the effect of WF, IB, and DG on
BSA-EY at 303 K. It is observed that binding con-
stantsfor theternary system (K., . ,=0.86x10°L
mol?, Ko, 15 =1.98x10°L mol*, and K, .
5, =2.11x10°L mol™) arelower than that for the binary
system BSA-EY (K., ,.,=5.26x10°L mol?). It can
be seen that the binding congtant for theternary system
BSA-WF-EY wasthemost different, indicating that
WF hinderstheformation of BSA-EY and can com-
petefor the samebinding Siteinsub-domain 1A (site
). The competitiveinteraction between SSand EY for
BSA can a so be caused by | ocation in the same bind-
ingsiteonsub-domainllA (sitel). Therefore, it canbe
concluded that SSspecificaly bindsto BSA.

Fluor escencer ecovery mechanism

When SM was added into the BSA-EY complex
systemthefluorescenceintensity of BSA recovered (Fig-
ure 3). Thisphenomenon indicated therewas acom-
petitiveinteraction between SM and EY for BSA. Egs.
(9) and (10) show the competitivereaction:
BSA-EY+SM—>BSA-SM+EY 9
Or BSA-EY+SM—EY-SM+BSA-SM (10)

Theabsorption spectraof BSA-EY intheabsence
and presence of SM wererecorded to confirmthecom-
petitive reaction according to Egs. (9) or (10) (Figure
5). Asit can be seenfrom Figure 5, SM and BSA had
no absorptionintherange450-600 nmand &, of EY
was at 514 nm. The absorption of EY gradually de-
creased and there was ared shift of the absorption
wave ength withincreas ng concentration of SM. If the
competitivereaction was accordingto Eq. (9), theab-
sorption of EY should beincreased withincreasing con-
centration of SM, whichisnot observed (Figure5). If
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Figure4: Overlap of thefluorescenceemission spectrum of
BSA (1) with theabsor ption spectrumof EY (2) (T=303K)
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Figure5: Absorption spectraof BSA-EY-SM (T=303K)

the competitivereaction wasaccording to Eq. (10) SM
had bound EY and caused the absorption of EY to
gradualy decreasewithincreasing concentration of SM,
whichiscons stent with Figure 5. Therewas no obvi-
ousfluorescenceintensity change on combining BSA
and SM, so therelativefluorescenceintensity of BSA
gradually recovered with increas ng concentration of
SM, whichisconsstent with Figure 3. Therefore, the
competitivereaction wasaccording to Eq. (10).

CONCLUSIONS

Thispaper determinesthe bonding site (sitel) of
EY on BSA by the competition reagent, provesthe spe-

—=== Regular Paper

cificbinding between EY and BSA, and explainsthat
EY can study the combination of drugsand proteinsas
aprobeinstead of competition reagent. Dueto After
reaction of BSA and SM, thefluorescenceintensity of
BSA hasno obvious change, sothereisno way to di-
rectly research SM and BSA binding reactionwith fluo-
rescence spectrometry.. Inthispaper usngEY asfluo-
rescent probeto study the SM to respond to the com-
bination of theBSA, it provesthat thereisareaction
between SM and BSA, and it determinestheir binding
steonsub-domainllA (stel). Thestudy of using fluo-
rescent probesfor theinteraction between no or weak
fluorescenceintensity change of drug molecular and
BSA opens new avenues of research, broadens the
scope of drug research.
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