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ABSTRACT

We studied the combination between seven kindsigé&nd the bovine serum albumin (BSA) using M&hgen
(MG) as fluorescent probe. These drugs were Stmeytn sulphate, Kanamycin sulfate, Gentamicin, Agiik
Neomycin, Thiamphenicol and Florfenicol. And aftsction of these drugs, the fluorescence intertitgSA had

no obvious change. Research has shown that inH@is{pH=7.40) buffer solution, MG made BSA fluoesce
guenching, quenching mechanism belongs to statenching, and the binding constant, binding pointsl a
interaction force type between MG and BSA wereinbthunder different temperature. Fluorescencerisity of
BSA was recovered when seven kinds of drugs wetedatb the BSA-MG system, respectively. The deafree
recovery were SM> AM> FN> TN> KM> GM> NM. This suggted that the reaction mechanism between MG,
drugs and BSA was competition binding reaction, #medbinding sites between seven kinds of drug<B&#l were
determined on sub-domain IIA (site 1) using labededlgs with specific binding sites.
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INTRODUCTION

Methyl green (MG) is a basic triphenylmethane aiwatibnic dye usually used for staining of solusdn medicine
and biology [1]. Kanamycin sulfate (KM), Streptorty¢SM), Amikacin (AM), Gentamicin (GM), NeomyciiNM)
belongs to aminoglycoside antibiotics, they werltng-sought remedy for tuberculosis and otheossmhacterial
infections [2]. Thiamphenicol (TN), Florfenicol (BNbelongs to the chloramphenicol of broad-spectamtibiotic.
Serum albumin, the most abundant protein constiturehlood plasma, can be combined with a lot afagenous
and exogenous compounds and plays a fundamengainréthe disposition and transportation of variousecules.
Therefore, investigating the binding mechanism mdagenous or exogenous compounds and serum albinasns
very significant implications for the life sciengeshemistry, pharmacy and clinical medicine. Inemgcdecades
investigations of the interaction between drugs laonine serum albumin (BSA) by use of the fluoreseemethod
have been extensively reported [3#]e fluorescence spectrum change is obvious ititdr@ture reported [7-10].
However, in many cases the required experimental cinnot be measured directly or calculated iotirdecause
of a lack of experimental results or the inconalagnature of experimental results for the pharmécalumolecules
and the bio-macromolecules. The problem can betefédy solved by using the fluorescent probe mdtfid-13].
In this paper, we using MG as a fluorescence ptolyesearch seven drugs and BSA binding reactidnreaction
mechanism under the physiological conditions. Pmfoseven drugs and BSA binding in vivo, and thedbig
capacity were SM> AM> FN> TN> KM> GM> NM. Determiriee combination regional of these seven drugs and
BSA. This study provides a method for the studyeafction mechanism that some drugs (similar to KM, SM,
AM, GM, NM and FN) reacting with protein.

968



Baosheng Liu et al J. Chem. Pharm. Res,, 2014, 6(5):968-974

EXPERIMENTAL SECTION

Apparatusand Materials

All  fluorescence spectra were recorded on a ShimadzF-5301PC spectro-fluorophotometer. All
spectrophotometric measurements were made withiraa8llau UV-265 spectrophotometer. All pH measuresent
were made with a pHS-3C precision acidity meteiidil.&hanghai). All temperatures were controlledabg S501
super-heated water bath (Nantong Science InstruReetory).

Bovine serum albumin was purchased from Sigma(thigypgrade inferior 99%) and stock solutions (1L0Xmol
L™ were prepared by doubly distilled water. Methyle€n (2.0x18 mol L") were prepared by doubly distilled
water, respectively. All the stock solutions weugtier diluted as working solutions prior to usear¥&rin, ibuprofen,
and digoxin were all obtained from the Chineseitintgt of Drug and Biological Products and furthéutd as
working solution (1.0x1®mol L™). The Tris-HCI buffer (0.05 mol ', pH=7.4) containing 0.15 mol'iNaCl was
selected to keep the pH value constant and to aiaifttie ionic strength of the solution. All otheagents were of
analytical reagent grade and double-distilled waias used during the experiment. And all the stmtlations were
stored at 277 K.

The fluorescence intensities were corrected foratheorption of excitation light and re-absorptidremitted light to
decrease the inner filter using the following relaship [14]:

— x+HAem) /2
I:cor - I:obs X e(Ae o) (1)

where F.,, and Fqys are the corrected and observed fluorescence itingsespectivelyA, and Ag,, are the
absorbance values of aspirin at excitation and ®amnsvavelengths, respectively. The fluorescentansity used in
this paper was corrected.

Procedures

Fluorescence spectra and Synchronous fluorescence spectra

In the experiment we use the 1.0 mL of pH 7.40-RA®&, a certain of 1.0xI®mol L BSA solution, and different
amount of MG (1.0x1®mol L) was added into 10 mL colorimetric tube sequelgtiihe samples were diluted to
scaled volume with double-distilled water, mixedrisughly by shaking, and kept static for 30 minut€ke
fluorescence emission spectra were measured at3P33and 310 K with the width of the excitatiordamission

slit adjusted at 5.0 and 5.0 nm, respectively. Aaitation wavelength of 280 nm was chosen and thes®on
wavelength was recorded from 285 to 500 nm.The hlegmous fluorescence spectra were obtained by
simultaneously scanning the excitation and emissionochromators. It were recordedAdt15 nm and 60 nm in
the absence and presence of various amounts of\WGaowavelength range of 280-400 nm.

Effects of drugson BSA-M G system
At 293K, first we adding 0.3 mL1.0xFonol L™ MG solution, then adding the different amount oigs(2.0x16
mol L™, respectively. After the method according to aheve operation.

Deter mination of the binding sites
At 293K, different concentrations (1.0x1fhol L) of site marker | (WF), Il (IB), or Il (DG) weradded to the
mixture of BSA-MG system. After the method accordio the above operation.

RESULTSAND DISCUSSION

Fluorescence quenching spectra of BSA-M G system

The intrinsic fluorescence of protein is a sensitivol to study the conformation of protein whendtvironment or
structure gets change. The quenching mechanismuofebcence can be classified into static quenclaing
dynamic quenching [15]. Dynamic quenching is maicéyised by collisional encounters between the dlpioore
and the quencher, static quenching is mainly reduttom the formation of stable compound betweanrtiphore
and quencher [16]. Fig. 1 shows the fluorescendssom spectra of BSA in the presence of variouxeatrations
of MG at 293 K. The fluorescence emission intensit8SA decreased regularly with the gradual addinf MG.
This result indicates that MG can interact with B&Ad quench its intrinsic fluorescence, changing th
microenvironment of the fluorophores.

If it is assumed that the fluorescence quenchinghaeism of BSA by MG is dynamic quenching process,
fluorescence quenching can be described by Steimeveequation [17].
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I:0 / F=1+ KqTO[Q] =1+ st[Q] (2)

whereF andF are the relative fluorescence intensities in tres@nce and absence of quencher, respecti@lys [
the concentration of quenchéf, is the Stern-Volmer quenching constant, which messuhe efficiency of
quenching.K,is the quenching rate constant of the biomoleculis the average lifetime of the biomolecule in
absence of quencher evaluated at abotft 4018]. According to the Stern-Volmer plots B§/F versus quencher
concentration at different temperatures (293, 20®l 310 K). The quenching rate constiptwas obtained and
listed in Table 1. It is obviouk, decreases with rising temperatures, revealing ttitquenching is initiated by
static quenching process. Moreover, the valug$,dfetween BSA and MG are all greater than 2%10mor™*-s™.
Therefore, MG binding BSA was a static quenchimucpss proved to be true [19].

For the static quenching interaction, under theiaggion that there are similar and independentibindites in the
biomolecule, the binding constant and the numbebiofling sites can be derived from the double liiyar
regression curve (Eq. (3)) [20]

Ig[(F, —F)/F] =nlg[Q] +IgK, 3)

whereKj is the binding constantn,is the number of binding site€] is the total concentrations of MG. The curve
of log [(Fe-F)/F] versus log Q] is drawn and fitted linearly, then the valuenodindK, can be obtained from the plot.
And Table 1 gives the corresponding calculatedlt®3ine value ofi almost equals to 1, indicating that there is one
class of binding site for MG to BSA molecule. Imet words, MG and BSA form a complex with molanadt:1.
According to the results shown in Table 1, the lrigdconstants of the interaction between MG and BB¢reases
with the rising temperature, further suggested tiaiquenching was a static process [21].

A, =280nm

Fluorescence(nm)

300 350 400 450 500
Wavelength(nm)

Figure 1. Fluorescence emission spectra of BSA-M G(T=293K)
1~10 Gsa(3%x107mol LY)+Cye (0, 0.1, 0.2, 0.4, 0.6, 0.8, 1.0, 1.5, 2.0, 4.@%mol L*

Table 1 Quenching reactive parameter of BSA and MG at different temperatures

TI(K)  Kq/(L molts? ry SD,  Ky/(L mol?) r SD, n
293 9.80x16 0.9967 0.031 1.91x10 0.9938 0.023 1.01
303 8.67x1H 0.9989 0.015 1.68x10 0.9978 0.031 1.04
308 8.09x18 0.9953 0.019 0.98x10 0.9922 0.044 1.06
ri. rparethe linear relative coefficient ofd=~[Q] . Ig(Fo-F)/F~Ig[Q], respectively. SD. SD,are the standard deviation o§/F~[Q] .
lg(Fo-F)/F~Ig[Q] - respectively.

Synchronous Fluorescence Spectra

The synchronous fluorescence spectra can providemation on the molecular microenvironment, paiaely in

the vicinity of the fluorophore functional group22]. WhenA\l was 15 nm, synchronous fluorescence detects
characteristics of tyrosine (Tyr) residues, but mwh& was 60 nm, characteristic information from trygtap (Trp)
residues is highlighted [23].

The synchronous fluorescence spectra of BSA-MGegystshown in Fig. 2. As seen in Fig. 2, whanwas fixed at

15nm, no shift ok,.x Was apparent. But thg,,, had red shifted whem\=60nm. This suggested that the interaction
of BSA with MG have a distinct effect on the comf@tion of the microenvironment around Trp residees did
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not changed the microenvironment of Tyr residué§.[Righ concentrations of dyes make protein mdiesextend,
reducing the energy transfer between the amino acid residaes reducing their fluorescence intensity.

1 AN =15nm

0 «—

Fluorescence
Fluorescence

0 : : : : o . I
280 290 300 310 320 330 340 300 320 340 360 380 400
Wavelength(nm) Wavelength(nm)

Figure 2. Synchronous fluorescence spectra of BSA-M G system (T=293K)
1-8 Gssa(3.0x10” mol LY)+Cye (0, 0.1, 0.2, 0.4, 0.6, 1.0, 1.5, 2.0)%41@o0l L*

Type of interaction force of BSA-M G systems

Basically, four main types of interactions, hydrogbonds, electrostatic forces, van der Waals foreesl

hydrophobic forces play critical roles in the irtetions between small molecules and macromole§2fsin order

to characterize the force between MG and BSA, theymamic parameters on the temperatures were athlyhe

thermodynamic parameters, free energy chang,(enthalpy changeAtl) and entropy chang@§) are important
for confirming the binding mode. The thermodynamécameters can be calculated using Eqs. (4) afj@€5)7].

RInK =AS-AH/T (4)
AG=AH -TAS (5)

In the present cas, is analogous to the effective quenching constigpt®r the quencher-acceptor system at the
corresponding temperature aRdis gas constant. If it is assumed that the enyhalpnge AH) nearly had no
change within the investigated temperature, thesleould be a good linear relationship betweei land 1/T. If
AH<0 andAS<0, van der Waals interactions and hydrogen bptadsmajor roles in the binding reaction. AH>0
andAS>0, hydrophobic interactions are dominantAH<0 andAS>0, electrostatic forces are more important in the
binding reaction [28]. The result &H, AS andAG were -28.02 KJ md| -13.07 KJ mot, -24.19 KJ mot (T=293

K), respectively. This showed that the van der Waateractions and hydrogen bonds play major raiethe
binding process between MG and BSA. The negatiaevaf AG indicated a spontaneous reaction occurred
between MG and BSA.

Fluorescence

300 350 400 450 500

Wavelength (nm)

Figure 3. Fluorescence emission spectra of BSA-M G-TN(T=293K)
1-7 Gasa(3.0%x10” mol LY)+Cye (4.0x10°mol L)+Cy(0, 1.0, 2.0, 3.0, 4.0, 5.0, 6.0)ximol L*

Effect of drugson the fluorescence emission spectra of the BSA-M G system

The emission spectra of BSA-MG in the absence aegepce of TN are shown in Fig. 3 (KM, SM, AM, GNIV
and FN are similar to TN). As shown in Fig. 3, whranre and more drugs added to the system, theeieence
intensity at 340 nm increased gradually, whichéatlive of a competitive binding reaction betweengdt MG and
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BSA, and made the fluorescence intensity of BSAvered. Comparing the recovery of BSA fluorescantensity
of different drugs at the same concentration: SM#>AFN> TN> KM> GM> NM, it indicates that the capéiby of
competitive binding reaction between drugs and M&ABystem: SM> AM> FN> TN> KM> GM> NM.

Fluorescence recovery mechanism

When TN (KM, SM, AM, GM, NM and FN are similar toN) was added into the BSA-MG complex system the
fluorescence intensity of BSA recovered (Fig. 3isTphenomenon indicated there was a competititerdation
between TN and MG for BSA. Egs. (6) and (7) shosvdbmpetitive reaction:

BSA-MG+TN—BSA-TN+MG (6)
Or BSA-MG+TN—MG-TN+BSA-TN (7)

The absorption spectra of BSA-MG in the absencemedence of TN were recorded to confirm the coitipet
reaction according to Eqgs. (6) or (7) (Fig. 3).iAsan be seen from Fig. 4, TN and BSA had no gii&or in the
range 500-700 nm arig,,« of TN was at 630 nm. The absorption of MG decréagigh increasing concentration of
TN. If the competitive reaction was according ta E), the absorption of MG should be increasedh witreasing
concentration of TN, which is not observed (Fig. Hthe competitive reaction was according to Ef. TN had
bound MG and caused the absorption of MG to gréyldacrease with increasing concentration of TNjcltis
consistent with Fig. 4. There was no obvious flsoence intensity change on combining BSA and TNthso
relative fluorescence intensity of BSA graduallgaeered with increasing concentration of TN, whigltonsistent
with Fig. 3. Therefore, the competitive reactiorsveacording to Eq. (7).

012
010 - 1
0.08 -
0.06

0.04 -

Absorbance(a.u.)

0.02 -

78
0.00 .

500 550 600 650 700
Wavelength(nm)

Figure 4. Absor ption spectra of BSA-M G-TN(T=293K)
1, Gue (1.0x10°mol LY); 2~6, Gye (1.0x10° mol L)+Cpsa(3.0x107” mol L)+Cy(0,1.0, 2.0, 3.0, 4.0)xTmol LY; 7, Gasa(3.0x107 mol LY); 8,
Crn(4.0x10%°mol LY

I dentification of the binding site

At 280 nm wavelength the Trp and Tyr residues irAB®e excited, whereas the 295 nm wavelength excitdy
Trp residues. In BSA sub-hydrophobic domaim (containing both Trp 212 and Tyr 263) ané (containing only
Tyr: Tyr 401, Tyrd11, Tyr 497) is the major bindisgge of small molecule ligands [29]. Based on$tern-Volmer
equation, comparing the fluorescence quenching ®f Bxcited at 280 nm and 295 nm allows to estinthée
participation of Trp and Tyr groups in the syste30][ As seen in Fig. 3, in the presence of MG, doenching
curves of BSA excited at 280 nm and 295 nm ovealgjproximately. This phenomenon showed that Trpves
played an important role in the interaction betwd#® and BSA. BSA has two tryptophan moieties (T8 land
Trp 212). Trp 134 is embedded in the first sub-damB and is more exposed to a hydrophilic enviremi
whereas Trp 212 is embedded in sub-domain 1A aeply buries in the hydrophobic loop. So, it issidared that
MG most likely binds to the hydrophobic pocket l@zhin sub-domain IIA [31].

The crystal structure of BSA is a heart-shaped:hkinonomer composed of three homologous domaimeda, I,
and Ill, with each domain including two sub-domaialed A and B to form a cylinder [32]. The pripal
ligand-binding regions of albumin are hydrophobavities in sub-domains IIA and IlIA, which have dian
chemical properties. These two binding cavitiesase referred to as sites |, Il, and Il (sitenlSub-domain IIA,
sites Il and 1l in sub-domain IlIA). To identifihé binding site on BSA, site marker competitive exikpents were
carried out, using the drug which specially binodsitknown site or region on BSA. X-ray crystallqgmg studies
have shown that warfarin (WF) binds to sub-dom#énwhereas ibuprofen (IB) and digoxin (DG) are bekd to
bind to IlIA binder sites Il and lll, respective[33]. Information about BSA-MG binding site can tefore be
obtained by monitoring changes in the fluoresceriddG-bound BSA caused by binding by site | (WHje ¢l (1B),
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and site 11l (DG) markers. Binding constants defead on the basis of Eq. (3) show the effect of V&,and DG
on BSA-MG at 293 K. It is observed that binding s@mts for the ternary systemgdfwe-me=5.26x1GL mol™;
Kesaisms=9.91x16L mol™; Kgsapems=9.64x16L mol™) were lower than that for the binary system BSA-MG
(Kgsame=1.91x1GL mol™). It can be seen that the binding constant fort¢heary system BSA-WF-MG) was the
most different, indicating that WF hinders the fatimon of BSA-MG and can compete for the same bigpdiite in
sub-domain IIA (site I).
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Figure 5. Fluorescence emission spectra of BSA-MG (T =293 K)
Casa(3.0x107 mol %), Cue(5.0%10°~ 4.0x10*) mol L*

CONCLUSION

The binding sites(sub-domain IIA site I) of MG o0iSB is determined by competitive reagent, provessipecific

binding between MG and BSA, and explains that M@ study the combination of drugs and proteins psohe

instead of competition reagent. Due to After reattf BSA and KM, SM, AM, GM, NM, TN, FN, respectily, the

fluorescence intensity of BSA has no obvious chasgehere is no way to directly research drugsB®4 binding

reaction with fluorescence spectrometry. In thipgrausing MG as fluorescent probe to study the sitagespond
to the combination of the BSA, it proves that thexe reaction between drugs and BSA, and it detesntheir

binding site on sub-domain IlA (site 1). The stuafyusing fluorescent probes for the interactionMsetn no or weak
fluorescence intensity change of drug molecular B8& opens new avenues of research, broadens tipe s

drugs research.
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