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ABSTRACT

Under smulated physiological conditions, the reaction mechanism between
tartrazine (TTZ) and bovine serumabumin (BSA) at different temperatures
(293K, 303K, 310K) wasinvestigated by fluorescence quenching method
and synchronous fluorescence method, respectively. Theresultsindicated
that the fluorescence intensity and synchronous fluorescence intensity of
BSA decreased regularly with the addition of TTZ, in addition, the
quenching mechanism, binding constants (K ), the number of binding site
(n), type of interaction force and energy transfer parameters of TTZ with
BSA obtained from two methods by the same equation were consistent,
which indicated synchronous fluorescence spectrometry was anew method
of studying the binding mechanism between drug and protein, and it was
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a useful supplement to the classical method.
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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
mechani sm of endogenous or exogenous compounds
and serumadbuminshasvery sgnificant vaueinlifesci-
ences, chemigtry, pharmacy and clinical medicine. The
classical fluorescence spectroscopy studiesthereac-
tion mechanism of small moleculedrugsand proteins,
mainly by studying the change of fluorescenceintensity

of proteininthe maximum emission wavel ength before
and after adding thedrugs, and derivesthe binding con-
stants, binding Sitesand the donor-to-acceptor distance
with other information between proteinsand drugg*?.
Synchronousfluorescence spectrometry technology was
first proposed by LIoyd“, and the biggest difference
between thisand fluorescence measurement method is
that the excitation and emission monochromatorswere
scanned Smultaneoudly. Comparingwith classical fluo-
rescence spectroscopy, synchronous fluorescence
method has some advantages such asgood selectivity,
high sensitivity, lessinterference etc>®, and it can be
used for the s multaneous determination of multi-com-
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ponent mixture. However, studieson thebinding con-
stant and binding sites between theproteinand TTZ
with thismethod have not been reported.

Food colorantsareavery important classof food
additivesand may benaturd or synthetic. Syntheticfood
colorantsarewidely used dueto their low price, high
effectivenessand excellent stability!”). Tartrazine(TTZ)
(thestructureshown in Figure 1) iscommon synthetic
food colorants,whichisused inawidevariety of food
such asbeverages, dairy products, cered's, snack foods
and ice creams. In this study, we study the binding
mechanism of drugsand proteinsby utilizing classica
fluorescence quenching method and synchronousfluo-
rescence method with theresearch object being TTZ.
The datawere obtained and andyzed. It showsthat the
research of combination mechanism of proteinsand
drugs hasbecome more abundant with the new method
anditisauseful supplement to the application of fluo-
rescence spectroscopy inthefield.
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Figurel: Chemical structureof tartrazine

EXPERIMENTAL

Apparatus

All fluorescence spectra were recorded with a
Shimadzu RF-5301PC spectro- fluorophotometer. Ab-
sorption wasmeasured with an UV-Visrecording spec-
trophotometer (UV-265 Shimadzu, Japan). All pH
measurements were made with apHS-3C precision
acidity meter (Leici, Shanghai). All temperatureswere
controlled by a CS501 super-heated water bath
(Nantong Science Instrument Factory).

Materials
Bovineserum abuminwas purchased from Sigma

BioTechnology — mm—

Company and of the purity grade inferior 99%.
Tartrazine (TTZ) was purchased from Aldrich (Wis-
congin, USA). Stock solutionsof BSA (1.0x10°mol-L-
D,and TTZ (1.0x10*mol-L?t) were prepared. All the
stock solutionswerefurther diluted asworking solu-
tionsprior to use. Tris-HCI buffer solution (0.05mol-L-
Lof Tris, 0.15 mol-L* of NaCl) was used to keep the
pH of thesolution at 7.40, and NaCl solution wasused
to maintaintheionic strength of the solution. All other
reagentswere analytical grade and all aqueous solu-
tionswere prepared with newly double-distilled water
and stored at 277 K.
Thefluorescenceintensitieswere corrected for the
absorption of excitation light and re-absorption of emit-
ted light to decreasetheinner filter effect using thefol-
lowing relaionship®:
F, =F, xelferha) 1)
Where, F_ and F_arethe corrected and observed
fluorescenceintensitiesrespectively. A, and A, arethe
absorbancevaluesof TTZ at excitation and emission
wavel engths, respectively. Thefluorescenceintensity
used in thispaper was corrected.

Procedures
Fluor escence measur ements

Inatypical fluorescence measurement, 1.0 mL of
Tris-HCI buffer, pH 7.4, 1.0 mL of 4.0x10¢ mol-L*!
BSA solutionand different concentrationsof TTZ were
added into 10 mL col orimetric tube successively. The
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Figure2: Fluorescencespectraof TTZ-BSA system (4,=280
nm, T =293K); C,,, =4.0x10" mol-L*; 1~10C___=(0, 0.4,
0.7,1.0,1.5, 2.0, 3.0, 4.0, 6.0, 8.0)x10°°mol-L*
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samples were diluted to scaled volume with water,
mixed thoroughly by shaking, and kept static for 30
minutes at different temperatures (293, 303 and 310
K). Excitation wavelength for BSA was 280 nm (295
nm), witha10 mm pathlength cell. Theexcitationand
emisson dlitswereset at 5 nm each. The solutionwas
subsequently scanned on the tiuorophotometer and re-
corded thefluorescent intensity at 340 nm.

Synchronousfluor escence measurements

The solution preparation wasthe sameasin Sec-
tion 2.3.1, we recorded the fluorescence spectra of
BSA-TTZ systemwhen thevalue between theexcita:
tion and emission wavelengths, A1 was15 and 60 nm.

RESULT AND DISCUSSION

Fluor escencequenching spectraof BSA-TTZ sys-
tem

Proteinswere considered to haveintrinsc fluores-
cenceduetothepresence of aminoacids, mainly tryp-
tophan (Trp), tyrosine (Tyr). Whentheexcitation wave-
length wasat 280 nm (or 295 nm), BSA hasastrong
fluorescence emission peak at 340 nm. Thefluores-
cence spectraof BSA-TTZ systemwasshowninFig-
ure2. AsshowninFigure 2, thefluorescenceintensity
of BSA decreased regularly with theaddition of TTZ
when theexcitation wave ength is280 nm (it wassimi-
lar to 295 nm), Thisresult showed that TTZ could quench
theintrinsic fluorescence of BSA andtherewasanin-
teractionbetween TTZ and BSA, it could also reved
that anew complex isbeing formed®.

In order to confirm the quenching mechanism, the
fluorescence quenching dataareandyzed by the Stern—
Volmer equation™:

Fo/F=1+K 1,[L]1=1+K L] )

Where, F, and F represent thefluorescenceintensities
in the absence and in the presence of quencher, re-
spectively. 7, istheaveragelifetimeof fluorescencewith-
out quencher, whichisabout 10°s. K_ isthe Stern-
Volmer quenching constant. Kq is the bimolecul ar
guenching congtant, and [L] isthe concentration of the
guencher. According to Eqg. (2), based onthelinear fit
plot of F /F versus|[L], the Ky values can be obtained.
Thecdculated resultswereshownin TABLE 1. Differ-

ent mechanismsof quenching areusually classified as
the dynamic quenching and the static quenching. Dy-
namic and stati c quenching can bedistinguished by thar
different dependence on temperature. The quenching
rate constants decrease with therising temperaturefor
the static quenching, but thereverse effect isobserved
for the dynamic quenching™. INnTABLE 1, thevadues
of K, decreased with therising temperaturein al sys-
tems, which indicated that the probable quenching
mechanism of theinteraction between BSA and TTZ
wasinitiated by complex formation rather than by dy-
namic collision™. Inaddition, al thevaluesof K were
much greater than the maximum scatter collision
guenching congtant of variousquenchers(2x10%° L-mol
1.g1), thisd so suggested that the quenchingwasagtaic
process .

For static quenching process, therel ationship be-
tween thefluorescenceintengity and the concentration
of quencher can beusually described by Eq. (3) to
obtain the binding constant (K) and the number of
binging Sites(n) inmost paper:

Iog[(F0 - F)/ F]= nlogK

+nlog{D,]-n[BF,-F)/F,} ©
Where, [D] and [B]] arethe total concentrations of
TTZ and BSA, respectively. Ontheassumptionthat n
inthebracketisequal to 1, thecurveof log [(F-F)/F]
versuslog{[D]-[B](F-F)/F} isdravnandfitted lin-
early, thenthevaueof n can be obtained fromthedope
of theplot. If then valueobtainedisnot equal to 1, then
itissubstituted into the bracket and the curve of log
[(F,-F)/F] versuslog{[D]-n[B](F-F)/F} isdrawn
again. Theabove processwasrepesated again and again
till n obtained wasonly asinglevalue. Based onthen
obtained thebinding constant K, can bealso obtained.
Inthework, aca culation program wasdevel oped. The
cal culation process can befinished with ca cul ator based
ontheabove smple program and the cal cul ating result
can be obtained by inputting F, [D ] and [B]. Thecal-
culated result was shown in TABLE 1. Asshownin
TABLE 1, the fact that the values of n were all ap-
proximately to 1implied that just onebinding sitefor
TTZ existedinBSA. Meanwhile, binding constantsK
weredecreased with therising temperature, further sug-
gested that the quenching was astatic process™.
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TABLE 1: Quenchingreactive parameter sof BSAand TTZ at different temperatures

Aed(NM) TI(K) Kq/(L-mol™s™) Ke /(L mol™) r Ka /(L -mol™) n r
293 1.47x10" 1.47x10° 0.9922 1.66x10° 089 09918
280 303 1.25x10" 1.25x10° 0.9989 1.33x10° 0.85  0.9980
310 1.20x10" 1.20x10° 0.998 1 1.26x10° 093  0.9980
293 1.46x10" 1.46x10° 0.9908 1.20x10° 0.78  0.9922
295 303 1.07x10" 1.07x10° 0.9942 1.16x10° 0.86  0.9963
310 1.03x10" 1.03x10° 0.997 4 1.08x10° 0.86  0.9976

insthequenching ratecongtant; K_isthebinding constant; nisthenumber of binding site.r, isthelinear relative coefficient
of F/F~L]; r,isthelinear relativecoefficient of log[(F -F)/F]~log{[D,]-n [B ] (F,-F)/F }.

Theprimary bindingsitestudies

At 280 nmwavelength the Trp and Tyr residuesin
BSA areexcited, whereasthe 295 nm wave ength ex-
citesonly Trp residues?®®. In BSA sub-hydrophobic
domain, I1A (containing both Trp and Tyr) and I11A
(containing only Tyr) isthemajor binding siteof small
moleculeligandg”. Based on the Stern-Volmer equa-
tion, comparing thefluorescence quenching of BSA
excited at 280 nm and 295 nm allowsto estimate the
participation of Trpand Tyr groupsinthesysteml*8. As
seeninFigure3, inthepresenceof TTZ, thequenching
curvesof BSA excited at 280 nmand 295 nm overlap
goproximately below themolarratioof TTZ:BSA=10:1,
which indicated that only Trp residuesplayed anim-
portant roleintheinteraction of TTZwithBSA. The
quenching of BSA fluorescenceexited at 280nm above
thismolar ratio wasdightly higher than that excited at
295nm which meansthat Tyr residues began to take
part intheinteraction. Accordingtothisconclusion, it
could be inferred that TTZ moleculesonly takeinter-
actionwith Trp residuesof BSA at low concentration,
whereasboth Trp and Tyr residuesat high concentra-
tion, but theinteraction of Tyrwith TTZ iswesk interms
of Trp. From TABLE 1, inthe sametemperaturethe
K, valuesof BSA at 280 nm wasdlightly greater than
295 nm, this also suggested that only Trp residues
played animportant roleintheinteraction between TTZ
and BSA.

Synchronousfluor escence spectrastudies

Synchronous fluorescence spectraare used to in-
vestigatethe protein conformational change, asit has
been shownto givenarrow and simplespectrd®. When
the A1 valuebetween theexcitation and emisson wave-
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Figure 3 : Fluorescence emission spectra of TTZ-BSA (T
=293 K); C,q, = 4.0x107 mol-L*, C_,=5.0x107~ 8.0x10°
mol-L™

lengthswere stabilized at either 15 or 60 nm, the syn-
chronousfluorescencegivescharacteristicinformation
for tyrosineresidues or tryptophan residues, respec-
tively?%. It can be seen from Figure 4, when the A4
vauewas 15 nm, thefluorescenceintensities of BSA-
TTZ decreased not obvioudy with no shiftswithin-
creasing concentration of TTZ, thisindicated that Tyr
resdueshardly played animportant rolein theinterac-
tion between TTZ and BSA. When the AZ valuewas
60 nm the synchronousfluorescenceintensitiesof TTZ-
BSA decreased regul arly with some shifts, which indi-
cated that theinteraction of BSA with TTZ changed the
microenvironment of tryptophanresidues®, whichwas
coincident with theresult of Section 3.2. Thepolarity
of hydrophobic environment was enhanced and hydro-
phobicity was reduced in the BSA cavity dueto the
changesof tryptophan res duesmicroenvironment with
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Figure4: Fluorescencespectrumof TTZ-BSA system (T = 293K) (A) Ak=15nm,; (B) AA=60nm; C__, =4.0x10" mol-L*; 1~10

C,,=(0,04,0.7,1.0,15,2.0,3.0,4.0,6.0,8.0)x10°mol-L*

TABLE 2: Quenching reactive parametersof TTZ and BSA at different temper atur es (AL =60 nm)

Ar(nm)  T/(K) Kq/(L-mol™s™) Ks /(L -mol™) rs Ka/(L-mol™) n rs
293 4.59x10" 4.59x10* 0.998 8 4.24x10* 1.01 09937
15 303 4.29x10" 4.29x10* 0.998 4 3.33x10* 091 09910
310 4.02x10"% 4.02x10* 0.995 4 3.29x10* 0.80 0.9924
293 1.84x10% 1.84x10° 0.9925 1.39x10° 0.74  0.9970
60 303 1.31x10% 1.31x10° 0.9977 1.34x10° 0.85 0.9959
310 1.25x10% 1.25x10° 0.997 6 1.33x10° 0.86  0.9978

K,isthequenchingrateconstant; K isthebinding constant; nisthenumber of binding site.r,isthelinear relative coefficient
of F/F~[L]; r,isthelinear relative coefficient of log[(F -F)/F]~log{[D ]-n[B ](F -F)/F}.

theinsertion of TTZ?4, leading to the conformation
change of BSA.. Protein moleculeswere extended by
high concentrationsof drugs, which reduced theenergy
transfer among theamino acid residuesand their fluo-
rescence intensity. For the AA = 15 nm and A4 = 60
nm, according to Egs. (2)(3), thecorresponding results
areshown in TABLE 2. From TABLE 2, it can be
seenthevaluesof K decreased withtherisingtem-
peratureinall systems, which indicated that the prob-
able quenching mechanism of theinteraction between
BSA and TTZ was a static process. The K, was the
order of 10*2 L-mol*s. Obvioudly, the K, value of
protein quenching procedure initiated by TTZ was
greater than 2x10%° L-mol*-s, thisindicated that the
guenchingwasnot initiated from dynamic collision but
from the formation of a complex. The n value ap-
proaches unity, suggesting that onemoleculeof TTZ
combineswith one moleculeof BSA; the decreasing

trend of K_ withtheincreasing temperaturewasin ac-
cordance with binding constants dependence on the
temperature as mentioned above, which indicated that
TTZ-BSA would be partly decomposed when thetem-
peraturerising, it dsoindicated it wasastatic quench-
ing. The guenching mechanism obtained by synchro-
nousfluorescence method was coincident withthe one
obtained by fluorescence method. Comparing TABLE
1and TABLE 2, we can know that the quenching pa
rameters obtained by two methods have the same or-
der of magnitude. However, in TABLE 2 the quenching
parametersof AA=15nmaresignificantly smaler than
the ones of A4 =60 nm, thisal so suggested that only
Trpresiduesplayed animportant roleintheinteraction
between TTZ and BSA, whichwascoincident with the
result of Section 3.2.

Typeof interaction forceof BSA-TTZ systems
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TABLE 3: Thethermodynamic parametersof TTZ-BSA at different temperatures

TI(K) Ka/(L-mol™) AH /(K J-mol ®) AS/(J-mol ™-K™?) AG /(K J-mol™)

- 203 1.66x10° 57.00 -29.28

e 303 1.33x10° -12.58 56.57 29.72
280nm 5

310 1.26x10 57.06 -30.27

- 203 1.20x10° 81.83 -28.49

* 303 1.16x10° -4.51 82.10 -29.38
295nm 5

310 1.08x10 81.82 -20.87

A 203 1.39x10° 91.57 -28.85

- 303 1.34x10° -2.02 91.49 -29.74
60nm 5

310 1.33x10 91.58 -30.41

Generaly, theinteraction force between the small
drug moleculeand biological macromoleculeinclude
hydrogen bond, Van der Waalsforce, electrostaticin-
teractions and hydrophobic force, etc. Ross and
Subramanian®! have characterized the sign and mag-
nitude of thethermodynamic parameter, enthd py change
(AH), free energy (AG) and entropy change (AS) of
reaction, associated with variousindividud kindsof in-
teraction. When temperature variesinasmall range,
the AH could be considered as aconstant!?. Negative
AH and positive ASindicate € ectrostatic interaction
playsamajor rolein thebinding reaction. Positive AH
and ASare generally considered asthe evidence for
typical hydrophobicinteractions. In addition, Van der
Waal sforce and hydrogen bonding formationin low
dielectric mediaare characterized by negative AH and
AS Thethermodynamic parameters can be calculated
onthebasisof thefollowing equation®;

RINK =AS—-AH/T 4
AG = AH -TAS=-RTInK (5)

According to therelevant thermodynamic param-
etersof smal moleculedrugsand biol ogica macromol-
ecules, the type of interaction force can be simply
judged. According to Eg. (4), based on thelinear fit
plot of InK versus /T, AH val ues can be obtained and
then ASvalues can be obtained at each temperature
fromtheK_vauesand AH value. Accordingto Eq. (5),
the AG values can be obtained at each temperature
fromtheK,values. Therefore, thevauesof AH, Sand
AGwerelisedin TABLE 3. From TABLE 3, it can be
seenthat thereaction processof TTZ withBSA wasa
spontaneous mol ecul ar interaction procedureinwhich
entropy increased and Gibbsfree energy decreased?!.

The positive va ue of ASand AH showed that the el ec-
trogtaticinteraction play amgjor roleinthebinding pro-
cess?1, The conclusions of the synchronousfluores-
cence method were consistent with fluorescence
method, further suggested that synchronousfluores-
cence spectrometry wasanew method of studyingthe
bindi ng mechani sm between drug and protein.

Energytransfer fromBSAtoTTZ

AccordingtotheForster nonradioactive 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 between thefluo-
rescence emission spectrum of the donor 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 also influenced by thecritica energy trans-
fer distance R, Itisdescribed by thefollowing equa-
tions [

E=1-F/F, =R, /(R, +r°) (6)

R,” =8.78x107K *ON™J @)

Where, R isthecritica distancewhenthetransfer effi-
ciency is50%, r isthe distance between the acceptor
and thedonor, and E istheenergy transfer efficiency. K
isthe spatial orientation factor of thedipole, Nisre-
fractiveindex of themedium, @ isthefluorescencequan-
tumyield of thedonor, and the overlap integral (J) be-
tween thefl uorescence emiss on spectrum of thedonor
and the absorption spectrum of the acceptor can be
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cd culated by the equation:

J =Y F(A)e(AMA'AL] Y F(A)AL (8)
Where, F(1) isthefluorescenceintengty of thefluores-
cent donor at somewavelength, &(1) isthemolar ab-
sorbance of the acceptor at thewavelength 1. Figure5
presentstheoverlapintegra of thefluorescenceemis-
son spectrum of BSA and the absorption spectrum of
TTZ. In the present case, K?=2/3, N=1.336 and
@=0.118Y, according to Egs. (6)-(8), the correspond-
ingresultswereshownin TABLE 4. From TABLE 4, it
can be seen that the donor-to-acceptor distancer <7
nm indicated that the energy transfer fromBSAto TTZ
occured with high possibilityt®?, the distancer increased
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Figure 5 : Overlap of the fluorescence spectrum of BSA
(»,=280nm) (1) and (AA=60nm) (2) with theabsor ption spec-
trumof TTZ (3); (T =293K) C, ., =C,, =4.0x10"mol-L"™.

TABLE 4: Parametersof E, J,r, R between TTZ and BSA at
different temperatures

method T/(K) E/(%) J/(cm>L-mol®) Ry/(nm) r/(nm)

N 293 1037  1.15x10™ 2510 3.60
280N 303 9.38 1.14x10™ 2507 3.66
310 886 1.14x10™ 2505 371

s 293 1657  1.26x10™ 2548 3.34
205 303 7.3 1.25x10™ 2544  3.90
310 394 1.24x10™ 2541 433

293 1509  5.02x10™ 2185 291

eﬁyﬁ; 303 7.69  4.98x10™ 2182 3.30
310 508  4.59x10™ 2153 351

R,isthecritical distance when E is50%; r isthe distance
between acceptor and donor; Jistheoverlapintegral between
thefluor escence emission spectrum of donor and theabsor p-
tion spectrum of theacceptor.

————, FyurrL PAPER

and the energy efficiency E decreased with increas-
ing temperature (TABLE 4), which resulted in the
reduced stability of the binary systems and the
values of K_. Moreover, the value of r was greater
than R in this study which suggested that TTZ
could guench the intrinsic fluorescence of BSA by
a static quenching mechanism®®, In addition, from
TABLE 4, thedata obtained by thetwo methodswere
basically consistent, and the conclusionsalso arethe
same, which indicated that synchronousfluorescence
spectrometry wasanew method of studying the bind-
ing mechanism between drug and protein, andit wasa
useful supplement tothe classica method.

CONCLUSIONS

In this paper, the binding of TTZ to BSA under
smulated physiological conditionswasstudied by clas-
sicd fluorescence quenching method and synchronous
fluorescence method, which were used the same equa
tion for processing data. From all data, we could see
dataobtained by both methodswereinthe sameorder
of magnitudeand very close, quenchingmechanismand
type of interaction forcewere consistent, which indi-
cated synchronous fluorescence spectrometry wasa
new method of udying thebinding mechanism between
drug and protein, and it wasauseful supplement tothe
classica method. Inaddition, synchronousfluorescence
method has some advantages such asgood selectivity,
high sengitivity, lessinterference etc, which makessyn-
chronousfluorescence method have more advantages
than classicd fluorescence quenching method to study
thereaction mechanism of drugswith proteins.
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