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ABSTRACT

The interactions between bilirubin and human serum albumin (HSA) have
been studied by fluorescence spectroscopy. The fluorescence quenching
spectrum was studied at different temperature by Stern-Volmer and
Lineweaver-Burk equations. The main binding force of bilirubin to HSA
was judged according to the thermodynamic parameters. The binding
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distance between bilirubin and protein was also obtained. Furthermore, the
binding constant was measured by fluorescence quenching and enhance-
ment spectrum, respectively. The observed spectral results revealed that
there were strong interactions between bilirubin and protein, the mecha-
nism of quenching belonged to static quenching and the main binding
force was van der Waals interactions and hydrogen bonds.
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INTRODUCTION

Asthemgjor solubleprotein congtituentsof thecir-
culatory system, serum abuminshave many physiologi-
cal functions. They affect pharmacokinetics of many
drugsand account for most of the antioxidant capacity
of serum. They often increasetheapparent solubility of
hydrophobic drugsin plasmaand modul atetheir deliv-
erytocdlsinvivoandinvitro¥. They play adominant
roleinthetransport and deposition of endogenousand
exogenous compounds. They bind different classes of
ligands at multiple sites, and the principal regions of
ligand binding sitesof abuminarelocated in hydropho-
bic cavitiesin subdomains|IA and I A2,

Among various endogenous ligandsthat bind to
serum abumin, moreimportant arehbilirubin (BR) which
iswell known because of itstoxicity under conditions

of hyperbilirubinemid?. Thedevelopment of hyperbi-
lirubinemiaisassociated with therisk of neurological
dysfunctionsdueto deposition of bilirubininbrainand
itsenhanced toxic effectson cellular functionsinthis
tissue. Studieson thebinding of BR to abumin be-
comeimportant for the development of various pre-
ventive measures against kernicterus®.

Otherwise, bilirubinisan efficient antioxidant againgt
freeradica species such as superoxideanion and per-
oxideradicaswhichinduced oxidationinvitro®7. Itis
thebasisof Bezoar whichiscontainedin varioustradi-
tiona Chinesemedicine. Theinvestigation of abumin-
drug binding can provideinformation of the structural
featureswhich determinethe theragpeutic effectivity of
drugs, andisof critica for understanding the drug tox-
icity anditsdistributionintheorganismi®,

At present, there have been somereportsthat in-
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vestigatethe binding of proteinsto ligands by various
techniques® ™. It has been known that bilirubin binds
tightly to the primary binding site (at or near loop 4in
subdomain I1A) in serum abumini*19, The binding of
BR to albuminisstabilized by various non-covalent
forces such assalt linkages, hydrogen bonds, van der
Waals attractions and hydrophobic interactiong™”.

Inthispaper, thebinding reactionsof bilirubinand
HSA werestudiedin detal by thetechniqueof fluores-
cence. Thebinding congtant, binding mode, bindingdis-
tant aswell asthe quenching modefor thefirst binding
site between HSA and BR wasmeasured by fluores-
cencequenchingmethod. Thebinding congant wasdso
obtai ned by fluorescence enhancement method.

EXPERIMENTAL

Apparatus

The fluorescence spectrum and the intensity of
fluorescence were measured with a Shimadzu RF-540
spectrofluorometer (Kyoto, Japan). The absorption
spectrawere performed on aPerkin-Elmer lambda 17
UV/VIS spectrophotometer (P-E Co., America). A
WH-2 vortex mixer (Huxi Insrumentd Co., China) was
used to blend the solution.

Reagents

All reagentsfor synthesiswere of and ytica -reagent
grade. Bilirubin stock solution was prepared in ultra-
sonic bath by dissolving power (FlukaChemika) ina
small quantity of 5.0 mmol L-* NaOH solution, and was
ultimately diluted to 0.2 mmol L. Thestock solution of
HSA was prepared by dissolving commercially pur-
chased HSA (Sigma) indoubly distilled weter at 0-4°C.
Theworking solution of human serumabuminwas1.0
g L. Tris(hydroxymethyl) aminomethane-HCI solu-
tion (pH 7.0) was used to control the acidity. Doubly
ditilled water was used throughout.

Fluorescence spectrum

Appropriateworking solution of human serum a-
bumin and bilirubin solution were added to a25 mL
volumetric flask. Themixturewasdilutedto 12.5mL
with doubly distilled water and vortexes. Thefluores-
cence quenching spectrawere measured by exciting
BR-HSA at 288 nm, and scanning through thewave-
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length range 300-400 nm and themaximumwavel ength
was at 340 nm. The emission spectraof the fluores-
cenceenhancement titration wererecorded inthewave-
length range 500-600 nm by excitingthe BR-albumin
complex at 446 nm. The excitation and emission dits
were5 and 10 nm, respectively.

RESULTSAND DISCUSSION

Fluor escencequenching studies

Thefluorescence spectraof HSA anditsdecreased
fluorescenceintengity quenching by BR wereshownin
Figure 1. Themaximum excitation and emissonwave-
lengthswere at 288 and 340 nm, respectively. Inthe
present of BR, thefluorescenceintensity of HSA could
be quenched. As the concentrations of bilirubin in-
creased, the quenching degreeincreased. Thisresult
suggested that the HSA conformation was changed by
BR, HSA and bilirubin might form compound, andin-
termolecular energy transfer occurred between BR and
HSA.

300 320 340 360 380 400
wavelength({nm)
C,,eal 300 pmol L2, C,.: (@a—>j): 0.000, 0.300, 0.600, 0.900, 1.20,
1.50, 1.80, 2.10, 2.40, 3.00 pmol L

Figure 1 : Fluorescence spectra of HSA with different
concentration of BR.

Huorescence quenchingincludesdynamicand gatic
guenching. They weredifferentiated by thefluorescence
resultsat different temperatures. In order to judgethe
type of quenching, the procedure wasfirstly assumed
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to be dynamic quenching™® which can bedescribed by
the Stern-\olmer equation:

F/F=1+ K, 7,[Q] = 1+K_[Q] 1)

where, F and F arethe fluorescenceintensitiesin the absence
and presence of the quencher, respectively. 7, is the average
lifetime of molecule without quencher and K is quenching
rate constant of bimolecule. K isthe Stern-Volmer quenching
constant, [Q] isthe concentration of the quencher. The Stern-
Volmer graph was shown in Figure 2, under the condition of

various temperatures, and K, Ky Were shownin TABLE 1.
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Figure2: Sern-Volmer curves.

TABLE 1: Binding parameter sof HSA with BR at different
temperature

T Ksv Kq K
Protein

K /(Lmol™ /(Lmol"sY) AL mol™

HSA 301 230x1C° 2.30x10" 1.28x10°

HSA 311 5.38x10 538x10%  1.52x10°

AsshowninFigure?2, theterm, F /F, linearly in-
creased with increasing the concentration of quencher.
Thequenching efficient of HSA fluorescenceby BR
underwent anintensedecreasewithincreasngtempera:
ture. Thisindicated the static quenchinginteraction be-
tween BR and HSA, because the quenching rate con-
gantsdecreasewithincreasing temperaturefor thestatic
guenching and the reversed effect isobserved for the
dynamic quenching*®. Sincethefluorescencelifetime
of biomacromoleculeis 10?8 s, the quenching rate con-

—— Fuyl] Paper

stant can be obtained by thed ope (Kq: K, /) Maxi-
mum scatter collision quenching constant of quencher
to biomacromoleculeis2.0x10°L mol* s*. Obvioudly,
therate constant of protein quenching procedureiniti-
ated by BR was greater than Kq of scatter procedure.
It suggested that the static quenching wasaattributable
to theformation of anon-fluorescence ground state
complex betweenBRand HSA.

Thedtatic quenching followsthe Lineweaver-Burk
reldionship:
(FyF)t = Fy+KAF QI )
where F, F and [Q] are the same as formerly. K is formation
constant.

Figure 3 and theformation constant K (shownin
TABLE 1) showed that therewasastrong interaction
between BR and HSA.. Theinteraction wasweskened

whenthetemperaturerose.
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Figure3: Lineweaver-Burk curves.

Thermodynamicanalysis

Accordingto Ross’ view, the main sorts of binding
force can bejudged by thermodynamic parameters (AH
and AS). From thethermodynamic standpoint, AH>0
and AS> 0impliesahydrophobicinteraction, AH<0
and AS< Oreflectsthe van der Waalsforce or hydro-
gen bond formation, with AH <0, and AS> 0 suggest-
ingan eectrogtatic force*?. If thetemperature changes
little, the reaction entha py change (AH) isregarded as
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acongtant. Therefore, from thefollowing equations:

In (k,/ k,) = (UT -UT,)AH/R €)
AG=-RTLnK )
AG=AH-TAS ©)

AH, AG and ASwhich are enthal py change, freeen-
ergy change and entropy change, respectively, and can
be obtained. In the binding reaction between BR and
HSA, AH, AG and ASwerecalculated to be-113 KJ
mol, -30.9 KImol*and-273 Jmol* K. The nega-
tivevauesof freeenergy (AG) supported theassertion
that the binding process was spontaneous. The nega-
tiveenthalpy (AH) and entropy (AS) valuesof thein-
teraction of BRand HSA indicated that thebindingwas
mainly enthal py-driven and the entropy was unfavor-
ablefor it. It suggested that van der Waal sinteractions
and hydrogen bonds played mgor rolein thereaction®,
which consistent with Jacobsen J. et al.’s earlier re-
port(*7,

Theenergy transfer between BR and HSA

According to thetheory of Forster non-radiative
energy transfer?»23 atransfer of energy could take
placethrough direct € ectro-dynamicinteraction between
the primarily excited moleculeand itsneighborsandthe
energy transfer will hgppen under thefollowing condi-
tions: (i) the donor can producefluorescencelight (ii)
fluorescence emission spectrum of the donor and UV
absorption spectrum of the acceptor have more over-
lap and (iii) the distance between the donor and the
acceptor islower than 8 nm. Theenergy transfer effect
isrelated not only to the distance between the acceptor
and the donor, but also to the critical energy transfer
distance. Therelation between thesefactorsis:

R 6
" RS frg ©)

where E isthe energy transfer efficiency, R isthecritical dis-
tance when the transfer efficiency is 50%,

RS = 8.8x10%° K*N™®J )
InEq. (7), K2isthespatid orientation factor of the
dipole, Nistheindex of refraction of themedium, ® is
the fluorescence quantum yield of thedonor, Jisthe
overlapintegral of thefluorescence emission spectraof

the donor and the absorption spectraof the acceptor.
Therefore
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where F(1) is the fluorescence intensity of the fluorescent
donor of wavelength 4, (1) isthe molar absorption coefficient

of the acceptor of wavelength 4, then the energy transfer effi-
ciency is:

8

F

B=l-p ©)

The overlapping spectraof the absorption spectra
of BR and thefluorescence spectraof HSA (BR: HSA
=1:1) wereshown in Figure 4. So J can be evaluated
by integrating the spectrain Figure 4 for A=250~550
nm. Under these experimental conditions, wefound R,
=5.04 nmfromEq. (7) usingK?=2/3, N=1.336, @
= 0.15, At last, the distance between BR and the
amino-acid resduein HSA can beevauated from Eq.
(6) wherer = 6.42 nm. Theaveragedistancer <8nm,
indicated that theenergy transfer from HSA to BR oc-
curred with high probability.
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Figure4: Overlap of the fluor escence emission spectra of
HAS(a) with theabsor ption spectra (b) of BR.

Analysisof binding equilibrium

The composition of thebinary complex can bede-
duced fromthefollowing formul a2,
M+nL=MLn (10)
log[(F,-F)/F]=logKa+nlog[M] (1)

where M isthe biological moleculewith fluorophores, L isthe
quencher, MLnisthe binary complex whose constantisKa, F |
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is the fluorescence of the overall amount of biologica mol-
ecules (bound and unbound), F is the fluorescence of un-
bound biological molecules. A plot of log [(F-F)/F] versuslog
[M] will give straight linewith aslope of nand y-axisintercept
of log Ka.

Figure 5 was obtained by keeping the HSA con-
centration (3.00 umol L) constant and changing the
concentration of BR. Thedatawerewdll fitted to Eq.
(5) and thed opewas 1.28 and the cal cul ated resul tant
binding constant was8.57x10°¢ L mol . The coefficient
was 0.998. The results also indicated that the HSA
couldformastable 1: 1.28 complex with BR.
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Figure5: Egimation of thecomposition of BR-HSA complex.

Fluor escence enhancement

Binding of BRto dbuminwasa so studied by fluo-
rescence enhancing spectroscopy. Fluorescenceemis-
sonspectrawererecorded inthewavd ength range 500-
600 nm by exciting the BR-albumin complex at 446 nm
and themaximum emissonwavelengthwas525 nm. In-
creasing concentrations of BR were added to afixed
concentration of albumin (3.00 umol L), which pro-
duced anenhancement of fluorescenceintensity. TheBR/
albuminmolar ratioswere obtained between 0and 0.9.
Thedaawereandyzed by fittingthemin Scatchard®27
plot usngthefollowing equation:

E E

a=faE = TBR] T R-BiHsAL,

(12)

where n is the binding capacity, K, is the association con-

—= Fyll] Peper

stant, E is the fractional enhancement, [BR] is the free BR
concentration, [HSA] is the total albumin concentration and
Risthe BR/abumin molar ratio. The value of K, was obtained
fromthe slope of astraight line plot between E/[BR] versusE.

The data of fluorescence enhancenment and the
Scatchard plotswereshowed in Figure6 and Figure 7,
respectively. Obtai ned from the slope and intercept of
theplots, theva ues of associ ation constant and binding
capacity for the first binding site were found to be
1.12x107 L mol - and 0.963, which agreed well with
theresultsin fluorescence quenching experiments.
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Figure6: Fluorescence spectra of theBR-HSA complexesin
the presence of different concentrationsof BR.
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Figure7: Scatchard plotsfor theinteraction of BR with HSA.
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CONCLUSIONS

Thebinding characterigtic of BR and HSA wasiden-
tified by measuring the fluorescence spectra. There-
sultsshowed that HSA fluorescencewas quenched by
BR through stati c quenching mechanism. Thedistance
r was noticed to be 6.42 nm, whichwas calculated in
the present study between the bound BR and thetryp-
tophan residuesin HSA. The thermodynamic results
indicated that the BR interacted with HSA through van
der Waals interactions and hydrogen bonds. It was
found that the associ ation and binding constant were
1.12x107 L mol -* and 8.57x10° L mol * by fluores-
cenceenhancement and quenching method, respectively.
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