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ABSTRACT

Under simulated physiological conditions, we studied the reaction mecha
nism of Methyl Green with Bovine serumabumin at different temperature

(293K, 303K, 310K) by utilizing fluorescence quenching method and anew Methyl Green;
method (synchronousfluorescence), respectively. Theresultsindicate that Bovine serum albumin;
Methyl Green could guench the intrinsic fluorescence of Bovine serum Interaction.

albumin strongly, and the quenching mechanism was a static quenching
process. The hydrogen bonding and van der Waal sforce played an impor-
tant role on the conjugation reaction between Methyl Green and Bovine
serumalbumin. The order of magnitude of binding constants (K ) was 10%,
the number of binding site (n) in the binary system was approximately
equal to 1 and the primary binding for Hydrogen bonding and van der
Waals force were located at the structure domain Il A of Bovine serum
albumin. The results obtained by the two methods were consistent, which
indicated synchronous fluorescence spectroscopy can replace traditional
fluorescence quenching method to study reaction mechanism of dyeswith

proteins. © 2015 Trade Sciencelnc. - INDIA

INTRODUCTION

Serum abumin, themost abundant protein condtitu-
entinblood plasma, can becombined with alot of en-
dogenousand exogenous compoundsand playsafun-
damental rolein the disposition and transportation of
variousmolecules. Therefore, investigating the binding
mechanism of endogenousor exogenous compounds
and serumabuminshasvery sgnificantimplicationsfor
thelifesciences, chemistry, pharmacy and clinica medi-
cine. The methods of studying on theinteractions of
protein with small molecular ligandsare mainly spec-

troscopy (UV-vis absorption spectroscopy, fluores-
cence spectroscopy, circular dichroism method, fourier
transform infrared spectrometry, resonancelight scat-
tering method and chemiluminescence method), high
performanceliquid chromatography (HPLC), theequi-
librium didys smethod, capillary dectrophores smethod
and dectrochemica method. However, thefluorescence
spectrometry isthe most widely used one. The con-
ventional fluorescence spectroscopy studiesthereac-
tionmechanismof smal moleculematerid and proteins,
which mainly by studying the change of fluorescence
intengty of proteininthemaximumemissonwave ength
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beforeand after adding the smal moleculematerid, and
then got the binding constants, binding sitesand the
donor-to-acceptor distance with other information be-
tween proteins and small molecule materia™3. Syn-
chronousfluorescence spectrometry technology wasfirst
proposed by Lloyd“, and the biggest difference be-
tween it and fluorescence measurement method isscan-
ning the excitation and emisson monochromators si-
multaneoudy. Comparingwith conventiond fluorescence
spectroscopy, synchronous fluorescence method has
some advantages such asgood sel ectivity, high sensi-
tivity, lessinterference etc®™, andit can be used for the
s multaneous determination of multi-component mix-
ture’®. However, research of the binding constant and
binding sitesbetween the protein and thedyewith this
method has not been reported.

Methyl green(MG) isabas ctriphenylmethaneand
dicationic dyeusudly used for staining of solutionsin
medicineand biology!™. Inthisstudy, westudy the bind-
ing mechanism of dyesand proteinsby utilizing tradi-
tiond fluorescence quenching method and synchronous
fluorescence method, whoseresearch objectisMethyl
Green, respectively. We can seetheresultsof two meth-
odsarecons stent. Thenew method isauseful supple-
ment to the fluorescence spectroscopy’s application
about theresearch of combination mechanism of pro-
teinsand dyes.

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. Methyl Green(2.0x10mol L) werepre-
pared by doubly distilled water, respectively. All the
stock solutionswerefurther diluted asworking solu-

tionsprior to use. The Tris-HCl buffer (0.05 mol L%,
pH=7.4) containing 0.15 mol L*NaCl wassdlected to
keep the pH val ue constant and to maintain theionic
strength of thesolution. All other reagentswere of ana-
lytical reagent grade and double-distilled 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
relationship®:
Fcor = Fobs X e(Aex+Aeﬂ)/2 (1)
where F_ and F _ are the corrected and observed
fluorescenceintensitiesrespectively. A, and A, arethe
absorbancevauesof aspirinat excitationand emisson

wave engths, respectively. Thefluorescenceintensity
used in thispaper was corrected.

Procedures

Fluor escence spectra and synchronous fluores-
cence spectra

In the experiment we usethe 1.0 mL of pH 7.40
Tris-HCI, acertain amount of 1.0x10°mol L1 BSA
solution, and different concentrationsof MG (1.0x10°3
mol L) wereadded into 10 mL colorimetric tube se-
quentialy. Thesampleswerediluted to scaled volume
with double-distilled water, mixed thoroughly by shak-
ing, and kept static for 30 minutes. Thefluorescence
emission spectrawere measured at 293, 303, and 310
K with thewidth of theexcitationand emisson dit ad-
justed at 5.0 and 5.0 nm, respectively. An excitation
wavelength of 280 nm (or 295 nm) was chosen and the
emission wavel ength was recorded from 285 to 450
nm. Thesynchronousfluorescence spectrawere scan-
ning obtained by s multaneoudy theexcitationandemis-
sion monochromators. It wererecorded at AA=15nm
and 60 nm in the absence and presence of various
amountsof MG over awavelength range of 280-400
nm.

Deter mination of thebinding sites

At 293K, different concentrations(1.0x10°mol L-
Y of site marker | (WF), 1l (IB), or Il (DG) were
added to the mixture of BSA-MG systems. After the
method according to 2.2.1 operation.
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Figurel1: Fluorescence emission spectra of BSA-M G (T=293K); C,.,=3x10"mol L*, 1~10: C,, .=(0,0.1,0.2,0.4,0.6, 0.8,
1.0,1.5,2.0,4.0)x10“*mol L
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TABLE 1: Quenchingreactiveparametersof MG and BSA at different temper atures

System Le(NM) TI(K) Kq/(L mol™s™) ry K. /(L mol™) n r
293 9.80x10™ 0.9967 1.91x10* 1.01 0.9938
280 303 8.67x10M 0.9989 1.68x10* 1.04 0.9978
BSAMG 310 8.09x10™ 0.9953 0.98x10* 1.06 0.9922
293 9.12x10" 0.9944 2.04x10* 1.05 0.9971
295 303 8.83x10™ 0.9981 1.66x10* 1.04 0.9984
310 8.16x10™ 0.9968 1.03x10* 1.03 0.9973

r isthelinear relative coefficient of F /F~[Q]; r,isthelinear relative coefficient of Ig(F -F)/F~Ig[Q].

RESULT AND DISCUSSION

Fluor escence quenching spectraof BSA MG sys-
tem

Theintrinsicfluorescenceof proteinisasensitive
tool to study the conformation of proteinwhenitsenvi-
ronment or structure gets change. The quenching
mechanism of fluorescence can beclassified into Static
guenching and dynamic quenching®. Dynamic quench-
ingismainly caused by collisiona encountersbetween
thefluorophore and the quencher, static quenchingis
mainly resulted from theformation of stablecompound
between fluorophore and quenchert?, Figure 1 shows
thefluorescence emission spectraof BSA inthepres-
ence of various concentrationsof MG at 293 K. The
fluorescenceemissonintensity of BSA decreased regu-
larly withthegradua addition of MG Thisresult indi-
catesthat MG caninteract with BSA and quenchits
intrinsic fluorescence, changing the microenvironment
of thefluorophores.

If it isassumed that the fluorescence quenching
mechanism of BSA by MG isdynamic quenching pro-
cess, fluorescence quenching can be described by Stern-
Volmer equation™,

Fol F =1+ K, 7,[Q] =1+ K, [Q] @

WhereF and F aretherel ative fluorescenceintensi-
tiesin the presence and absence of quencher, respec-
tively; [Q] isthe concentration of quencher, K isthe
Stern-Volmer quenching constant, which measuresthe
efficiency of quenching. kq isthe quenching rate con-
stant of thebiomolecule, 7, istheaveragelifetimeof the
biomol eculein absence of quencher eva uated at about
10# $*. According to the Stern-Volmer plotsof F /F
versusquencher concentretion at different temperatures
(293, 303, and 310 K). The guenching rate constant
Ky wasobtained and listedin TABLE 1. Itisobvious
Ky decreases with rising temperatures, revealing that
thequenchingisinitiated by static quenching process.
Moreover, thevauesof K q betweenBSA andor MG
aredl greater than 2x10%° L-mol*-s™%. Therefore, MG
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Figure2: Synchronousfluorescencespectraof BSA-M G system (T=293K); C_.,=3.0x10"mol L 1~8: C,, .=(0,0.1,0.2,0.4,

0.6, 1.0, 1.5,2.0)x10“*mol L

binding BSA wasadtatic quenching processprovedto
betrue®3,

For the stati c quenching interaction, under the as-
sumptionthat therearesmilar andindependent binding
sitesin the biomolecule, the binding constant and the
number of binding sites can be derived fromthedouble
logarithm regression curve (Eq. (3))1*4

lo[(F, — F)/F]=nlg[Q] +IgK, 3
WhereK  isthebinding constant, nisthe number of
binding sites. [Q] isthetota concentrationsof MG The
curveof log [(F,-F)/F] versuslog [Q] isdrawn and
fitted linearly, then the value of nand K can be ob-
tained from theplot. And TABLE 1 givesthe corre-
sponding ca culated results. Thevadueof namost equals
to 1, indicating that thereisoneclassof bindingsitefor
MG to BSA molecule. In other words, MG and BSA
formacomplex withmolar ratio 1:1. Accordingto the
resultsshownin TABLE 1, the binding constants of the
interaction between MG and BSA decreaseswith the
risng temperature, further suggested that the quenching
was astatic process®®. At 280 nm wavelengththe Trp
and Tyr residuesin BSA areexcited, whereasthe 295
nmwavelengthexcitesonly Trpresdues. FFrom TABLE
1 shows, At the sametemperaturethe binding constant
K, of BSA-MG system at 280 nm and 295 nm were
basi cally thesame. Thisphenomenon showed that Trp
residues played animportant rolein theinteraction be-
tween MG and BSA.

Synchronousfluor escence spectra

The synchronousfluorescence spectracan provide
information on the molecular microenvironment, par-
ticularly inthevicinity of thefluorophorefunctional
groups?®®l. When A\ is 15 nm, synchronous fluores-
cence detects characteristicsof tyrosing(Tyr) residues,
but when A is 60 nm, characteristic information from
tryptophan(Trp) residuesishighlighted™”.

Thesynchronousfluorescence spectraof BSA-MG
systemsshown inFigure2. Asseenin Figure 2, when
Al was fixed at 15nm, no shiftof A was apparent.
Butthe _ hadred shifted when AA=60nm. This sug-
gested that theinteraction of BSA withMG haveadis-
tinct effect on the conformation of the microenviron-
ment around Trp residues, and did not changed the mi-
croenvironment of Tyr residues®. Thesewerecoinci-
dent with theresult of Section 3.1.

High concentrations of dyes make protein mol-
eculesextend, reducing theenergy transfer betweenthe
amino acid residues, and reducing their fluorescence
intengity. For the quenching process, accordingto Egs.
(2) (3), thecorresponding resultsareshownin TABLE
2. FromTABLE 2it canbe seenthevaluesof K_de-
creased withtherisngtemperatureindl systems, W11i ch
indi cated that the probabl e quenching mechanismof the
interaction between BSA and MG was a static pro-
cess. Obvioudy, the K, vaueof protein quenching pro-
cedureinitiated by MG wasgreater than 2x10% L mol-
¢, Thisindicated that the quenchingwasnot initiated
from dynamic collision but from theformation of acom-
plex. Thenva ue approachesunity, suggesting that one
moleculeof MG combineswith onemoleculeof BSA;
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TABLE 2: Quenchingreactive parameter sof M G and BSA at different temperatures

System A)(nm) TI(K) Kq/(L mol™s™) rs Ka/(L mol™®) n rs
293 9.40x10™ 0.9951 1.75x10* 1.08 0.9977
15 303 8.72x10% 0.9937 1.14x10* 1.00 0.9925
BSAMG 310 7.99x10% 0.9976 0.93x10* 1.05 0.9903
293 9.89x10™ 0.9964 2.07x10* 1.01 0.9956
60 303 8.94x10™ 0.9975 1.59x10* 1.06 0.9967
310 8.13x10™ 0.9962 1.01x10* 1.07 0.9959

r,isthelinear relativecoefficient of F /F~QJ; r,isthelinear relative coefficient of Ig(F -F)/F~Ig[Q].

thedecreasingtrend of K_withtheincreasing tempera-
turewasin accordance with binding constants depen-
dence on the temperature as mentioned above, which
indicatesthat M G-BSA would be partly decomposed
whenthetemperaturerising, it dsoindicatesitisadatic
guenching. Thequenching mechanism obtained by syn-
chronousfluorescence method was coincident withthe
one obtained by fluorescence method. Comparing
TABLE 1and TABLE 2, we can seethat the quench-
ing parametersobtai ned by two methods havethesame
order of magnitude.

| 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, I11A (containing both Trp 212 and Tyr 263) and
[1A (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 a 280 nmand

10+
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Figure3: Fluorescenceemisson spectraof BSA-M G (T =293
K); Cpes =3.0x107mol L, C |, .=5.0x10°~4.0x10*mol L*
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295 nm allowsto estimate the participation of Trpand
Tyr groupsinthesystem®!, Asseenin Figure 3, inthe
presenceof MG, the quenching curvesof BSA excited
at 280 nm and 295 nm overlap approximately. This
phenomenon showed that Trp residues played anim-
portant rolein theinteraction between MG and BSA.
BSA hastwo tryptophan moieties (Trp 134 and Trp
212). Trp 134isembedded in thefirst sub-domain IB
and is more exposed to a hydrophilic environment,
whereas Trp 212 isembedded in sub-domain [1A and
deeply buriesin the hydrophobicloop. So, itisconsid-
ered that MG most likely binds to the hydrophobic
pocket |ocated in sub-domain 1A=,

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
principd ligand-binding regionsof abumin arehydro-
phobic cavitiesin sub-domainsiIA and 1A, whichhave
similar chemicd properties. Thesetwo binding cavities
areadsoreferredtoassitesl, I, and 111 (sitel insub-
domain llA, sites1l and Il in sub-domain 111A). To
identify thebindingsiteon BSA, site marker competi-
tiveexperimentswere carried out, usingthedrug which
specialy bindsto aknown site or region on BSA. X-
ray crystallography studieshave shown that warfarin
(WF) bindsto sub-domain [IA whereasibuprofen (1B)
and digoxin (DG) are believed to bind to 111 A binder
sitesll and 111, repectively??3. Information about BSA-
MG binding site can therefore be obtai ned by monitor-
ing changesin the fluorescence of M G-bound BSA
caused by binding by sitel (WF), sitell (IB), and site
[11 (DG) markers. Binding constantsdetermined on the
basisof Eg. (3) show theeffect of WF, IB, and DG on
BSA-MG at 293 K. The results are presented in
TABLE 3. It can be seen that the binding constant for
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TABLE 3: Binding constantsand ther ate of change of binding constants ¢ for BSA-MG systems with adding site markers

regents(T=293K)

WF IB DG
System - a2 _ 1 - -1
Ka/(L mol™y o /(%) Ka/(L mol™ o/(%)  K/(L mol™) 0/(%)
BSAMG Jex=280nm  526x10°  -77.13 9.91x10° -56.91 9.64x10° -58.09
AA=60nm 5.83x10°  -69.48 1.05x10° -45.03 9.81x10° -48.64
0=(K-K))/K_(K_isthebinding constantsof BSA-M G systemsfor thesame condition)
TABLE 4: Thethermodynamic parameter sof BSA-M G at different temperatures
System THIK)  Ku/(L-mol™) AH /(K J-mol™) AS/(J-mol-K™) AG /(KJ-mol™)
293 1.75x10* -23.77
AX= 15nm 303 1.14x10* -28.37 -15.70 -23.61
310 0.93x10* -23.50
293 2.07x10* -24.31
AL= 60nm 303 1.59x10* -30.87 -22.39 -24.08
310 1.01x10* -23.93
BSA-MG Z
293 1.91x10 -24.19
Lex= 280nm 303 1.68x10* -28.02 -13.07 -24.06
310 0.98x10* -23.97
293 2.04x10* -24.31
Lex= 295nm 303 1.66x10* -29.14 -16.49 -24.14
310 1.03x10* -24.03

theternary system BSA-WF-M G wasthemost differ-
ent, indicating that WF hinderstheformation of BSA-
MG and can competefor the samebinding sitein sub-
domainlA (sitel). The conclusionsof the synchro-
nous fluorescence method were consistent with fluo-
rescence method.

Typeof interaction force of BSA-M G systems

Basicaly, four maintypesof interactions, hydrogen
bonds, el ectrostatic forces, van der Waal sforces, and
hydrophobicforcesplay critica rolesintheinteractions
between small mol ecules and macromolecules??. In
order to characterizetheforce between MG and BSA,
thermodynamic parameters onthetemperatureswere
anayzed. 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. (4) and (5)2>%,

RINK=AS-AH /T 4
AG =AH -TAS ©)

Inthe present case, K isanalogousto the effective
quenching constantsK_ for the quencher-acceptor sys-
tem at the corresponding temperatureand R isgascon-

stant. If it isassumed that the enthal py change (AH)
nearly had no changewithin theinvestigated tempera-
ture, thereshould beagood linear relationship between
InK and 1/T. Thevduesof thermodynamic parameters
(AH, ASand AG) wereobtained and shownin TABLE
4. If AH<Oand AS<0, van der Waals’ interactions and
hydrogen bonds play major rolesinthebinding reac-
tion. If AH>0 and AS>0, hydrophobicinteractionsare
dominant. If AH<0and AS>0, electrostaticforcesare
moreimportant in the binding reaction?”.

Thevan der Wadl sinteractionsand hydrogen bonds
play major rolesin the binding process between MG
and BSA (From TABLE 4 shows AH<0 and S<0).
Thenegative AG in TABLE 4 supportstheopinionthat
the binding interaction between BSA and MG were
spontaneous. Theconclus onsof the synchronousfluo-
rescence method were consistent with fluorescence
method.

CONCLUSIONS
In this paper, the binding of MG to BSA under

physiologica conditionswasstudied by traditiona fluo-
rescence quenching method and synchronousfluores-
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cence, and used the same equation for processing data,
respectively. From all dates, we could see dates ob-
tained by both methodswereinthe sameorder of mag-
nitude and very close, quenching mechanismand type
of interaction forcewere consistent, which indicated
synchronous fluorescence spectroscopy could replace
traditiond fluorescence quenching method to study re-
action mechanism of dyeswith proteins. In addition
synchronousfluorescence method has someadvantages
such asgood sel ectivity, high sengitivity, lessinterfer-
ence etc, which makes synchronous fluorescence
method have more advantagesthan traditional fluores-
cence quenching method to study thereaction mecha
nism of dyeswith proteins.
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