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Abstract : Theinteraction between moxifloxacin
(MXFX) and Bovineserumabumin (BSA) or Bovine
Hemogl obin (BHb) wasinvestigated at different tem-
peratures by fluorescence spectroscopy. Results
showed that the quenching mechanism of MXFX on
BSA/BHbwasadtatic quenching processwith Forester
spectroscopy energy transfer. MXFX could bind to
proteinthrough dectrostaticforceespeciadly BSA. The
order of magnitudeof binding constants (K ) was 10¢,
and thenumber of binding site(n) inthebinary system
wasgpproximatdly equa to 1. Theprimary binding site
for MXFX waslocated a Trp-212in sub-domain 1A

INTRODUCTION

Serum abuminsarethe most extensively studied
and applied proteinsbecause of their availability, low
cogt, stability and unusud ligand binding properties. For
thisreason, ahuge number of papersdedingwithabu-
mins have been reviewed so farl>3. Most drugs are
ableto bind to plasmaprotein when they entrancein
blood plasmasystem of organism, and serum abumin
isthemost abundant proteinin blood plasmaand serves

of BSA and B-37 Tryptophan residuein hydrophobic
cavity of BHb, respectivey. The binding distance (r)
waslessthan 3 nm. In addition, thevalues of n, were
dightly lessthan 1 whichindicated negative coopera-
tivenessintheinteraction of MXFX with protein. Syn-
chronousfluorescence spectraclearly reveded that the
microenvironment of amino acid resduesand thecon-
formation of proteinwere changed during the binding
reaction.

K eywor ds: Bovineserum abumin; Bovinehemo-
globin; Moxifloxacin; Huorescence.

asadepot protein and trangport protein for numerous
endogenous and exogenous compounds?. Generdly
peaking, drugscould bind with serum abuminmostly
through theformation of noncoval ent complexesrevers-
ibly. Thedrug-protein complex canberegarded asa
form of drug in the biology temporary storage, it can
effectively avoid drug was €liminatefrom metabolism
S0 quickly that it can maintain thetotal concentration
and effectiveconcentrationsof bloodmedicineinplasma
In addition, binding of drugsto plasma proteins con-
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trolstheir free, active concentrationsand providesa
reservoir for alonger action, the binding of drugsis
responsiblefor the protectiverole of albumin. There-
fore, interaction of adrug with proteinsmight strongly
affect itsdistribution, dimination, aswell asitspharma-
codynamicsand toxic properties®. Bovine serum al-
bumin (BSA) isasingle-chain 582 amino acid globular
nonglycoprotein crosslinked with 17 cystineresidues
(eight disulfidebondsand onefreethial)®. It hasthree
homologousdomains(l, Il and 111), each divided into
two subdomains (A and B), and inthe pocket 1A and
[1IA themgjority of small ligands are bound®%. Hemo-
globin (Hb), themgor protein component in erythro-
cytes, existsasatetramer of globinschainsthat iscom-
posed of two a and two 3 subunits; Hbiswell known
foritsfunctioninthevascular system of animals, being
acarrier of oxygen. It also aids, both directly and indi-
rectly, thetrangport of carbon dioxideand regulatesthe
pH of blood™?. Bovine hemoglobin (BHb), which
shares 90% amino acid sequence homol ogy with hu-
man hemogl obin, hasafew advantagesover itshuman
counterpart. BHbisabetter oxygen carrier than human
hemoglobin™. Itisatetrameric proteinwith 574 amino
acid residues, consisting of two identical a-chains of
141 amino acids each and two identical B-chains of
146 amino acids each. In addition, the o1 32 subunit
interfaceisconsideredto play apivota roleinthe qua
ternary structure transition™?, Studying the binding
mechanismismuchimportant for lifescience, chemicd,
pharmaceutical and clinica medicine,

Moxifloxacin (MXFX) is a new generation
fluoroquinoloneantibacterid agent, whichisusedtotreat
awidevariety of bacteriad infectionsincluding pneumo-
nia, sinugitis, and worsening of chronic bronchitis(the
structureshowninFigure 1). Thismedicinegradually
played asignificant roleinclinica cure. At present, the
molecular interactionsbetween sngle protein and many
drugshave beeninvestigated successfully in bio-medi-
cal domaini*3. However, acomparative-study onthe
interaction of two proteinshasnot beeninvestigated. In
thisreport, we provided investigations on theinterac-
tion of MXFX withtwo proteinsrespectively by fluo-
rescence spectroscopy under physiological pH 7.40.
Thisstudy isexpected to provideimportant insght into
the essence, potentid toxicity between drugsand pro-
teininrea terms, and can dso provideauseful clinica
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referencefor future combination therapy.
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Figurel1: Chemical structureof moxifloxacin

EXPERIMENTAL

Apparatus

All fluorescence spectra were recorded with a
Shimadzu RF-540 spectrofluorophotometer and a
Hitachi F-4500 spectrofluorophotometer. Absorption
was measured with an UV-visrecording spectropho-
tometer (UV-265 Shimadzu, Japan). All pH measure-
ments were made with a pHS-3C precision acidity
meter (Leici, Shanghal). All temperatures were con-
trolled by aCS501 super-heated water bath (Nantong
Science Instrument Factory).

Materials

Moxifloxacin (CAS#, 186826-86-8) was obtained
from Monitor of Chinese Veterinary Medicine(noless
than 99.9% pure). BSA and BHb were purchased from
SigmaCompany (no lessthan 99% pure). Stock solu-
tionsof BSA (1.0x10 mol/l), BHb (1.0x10** mol/l)
and MXFX (2.0x103mol/l) were prepared. And all
thestock solutionswerefurther diluted asworking so-
lutions prior to use. Tris-HCI buffer solution containing
NaCl (0.15mol/l) was used to keep the pH of the so-
lution at 7.40. NaCl solution was used to maintain the
ionic strength of thesolution. All other reagentswere of
analytical gradeand all agueous solutionswere pre-
pared with newly double-distilled water and stored at
277K.

Thefluorescenceintensitieswere corrected for the
absorption of excitation light and re-absorption of emit-
ted light to decreasetheinner filter using thefollowing
relationship™4:

F, =F, xghethe)? )
where F_ and F _ are the corrected and observed
fluorescenceintensities, respectively. A, andA__are
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the absorbancevauesof MXFX a excitationandemis-
sonwavelengths, respectively. Thefluorescenceinten-
sity used in this paper was corrected.

Procedures

Inatypical fluorescence measurement, 1.0 mL of
pH =7.40Tris-HCI, 1.0mL of 1.0x10-> mol/| BSA (or
4.0x10-5 mol/l BHb) solution and different concentra-
tionsof MXFX wereadded into a10 mL colorimetric
tube successively. The sampleswerediluted to scaled
volumewith water, mixed thoroughly by shaking, and
kept static for 15 min at different temperatures (293,
303 and 313K). Theexcitationwavelength for protein
was 280 nm (or 295 nm), withtheexcitation and emis-
sion glit widths set at 5 nm. The sol ution was subse-
guently scanned on the fluorophotometer and deter-
mined thefluorescent intengity at 343 nmfor BSA (340
nm for BHb). Thefluorescenceintensity of protein
without MXFX wasused asF . Meanwhile, thefluo-
rescenceintensity of compound without singleMXFX
(Fpotanmxex-Fuxe) Was used as F because MXFX
has dlight fluorescence emission at 343 nm and 340
nm. Thefluorescenceintensitiesin this paper were cor-
rected by Eq. (1). Otherwise, werecorded thefluores-
cence spectrawhen the A4 val ue between the excita-
tion and emissionwavel engthswas stabilized at 15and

60 nm, respectively.

A /mm

Figure2: Fluor escence spectraof BSA-M XFX system (T =293K). C__, =1.0x10°mol/I, 1~16 C

RESULTSAND DISCUSSION

Fluorescencequenchingin protein-M XFX system

Based on the fluorescence experiments marked
2.3, we have drawed the fluorescence spectraof pro-
tein (BSA or BHb) aswell asdifferent MXFX added
into protein (BSA or BHb) respectively. When the
excitation wavel engthswere at 280 nm and 295 nm,
the emission peaks for BSA were both located at
343 nm (340 nm for BHD). Inthispart, wea so found
that MXFX had fluorescence at 462 nm obviously,
but it had weak fluorescence at 343 nm and 340 nm.
According to this phenomenon, we scanned the so-
lution on the fluorophotometer with the range of 300-
450 nm for BSA (315-390 nm for BHb) and re-
corded the fluorescence spectra, the fluorescence
spectraof BSA-MXFX without MXFX which were
shownin Figure 2, it was similar for BHb-MXFX
system. As can be seen from Figure 2, the fluores-
cenceintensity of BSA decreased regularly with the
addition of MXFX, and themaximum emissonwave-
length had 9 nm red shiftsfrom 343 nm to 352 nm.
Meanwhile, thefluorescenceintensity of BHb de-
creased regularly and there was almost no shift of
the emission wavelength with the addition of MXFX.
Thisresult implied that MXFX could quenchthein-

360 390
X /nm

0F i
300 330

=(0.0,1.0,2.0,4.0,6.0,

MXFX

8.0,10.0, 12.5, 15.0, 20.0, 25.0, 30.0, 40.0, 50.0, 60.0, 70.0) x 10° mal/l; (A) 4_ =280 nm; (B) 2, =295 nm

trinsic fluorescence of protein strongly, and theinter-
action between MXFX and protein resulted from the
formation of aground-state complex between this
drug and protein.

Fluor escence quenching mechanism of protein-
MXFX system

In order to confirm the quenching mechanism, the
fluorescence quenching dataare anayzed by the Stern-
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Volmer equation®®;

Fo/F=1+K 7,[L]1=1+K L] @)
where F, and F arethefluorescenceintensitiesin the
absence and presence of ligand, respectively. 7 isthe
averagelifetime of fluorescencewithout ligand, which
isabout 10°s. K, isthe Stern-Volmer quenching con-
stant. K, isthequenching rate constant of biomolecule,
and[L] istheconcentration of theligand. Based onthe
linear fit plot of F /F versus[L], the vaal uescan be
obtained. Theca culated resultswereshownin TABLE
1. Higher temperaturewould result infaster diffusion
and typically the dissociation of weekly bound com-
plexes, leadingto larger amount of dynamic quenching
and smdler anountsof static quenching, respectivelyi,
It appeared that the values of K_, decreased with the
increaseintemperaturefor al systems, whichindicated
that the probabl e quenching mechanism of theinterac-
tion between protein and M XFX wasinitiated by com-
plex formation rather than by dynamic collision™. In
addition, all thevalues of K, were much greater than
the maximum scatter collision quenching constant of
various quenchers(2x10%°1 mol-' s!), thisalso sug-
gested that the quenching was a static process*®l. For
static quenching process, the rel ationship between the
fluorescenceintengty and the concentration of quencher
can be usually described by Eq.(3) to obtain the bind-
ing constant (K ) and the number of binging sites(n) in
most paper!*9:

F,— F

Iog( jzlogKa+nIog[Df] €)

where[D/] isthefree concentration of ligand. In order
to calculate conveniently, thefreeligand concentration
isoften replaced by thetotal concentrationin process-
ing thedata, becauseitisdifficult to obtain during the
experiment. Thusit must affect theaccuracy of there-
sults. Inview of thissituation, we used Eq.(4)” to de-
scribe, whichismoreaccurate:
F,—F

IOQ(FOEF)=nIogKa+nlog{[Dt]—n = [Bt]} 4

where[D] and[B] arethetota concentrationsof MXFX
and protein, respectively. Ontheassumptionthat nin
thebracketisequal to 1, thecurveof log(F -F)/F ver-
suslog{ [D]-[B](F,-F)/F } isdrawnandfittedlinearly,
then theva ueof n can beobtained fromthedopeof the
plot. If thenvalueobtained isnot equal to 1, thenitis
substituted into the bracket and thecurve of log(F -F)/
F versuslog{ [D]-n[B](F-F)/F } isdrawnagan. The
above processis repeated again and again till n ob-
tanedisonly asnglevaueor acirculaing vaue. Based
on the n obtai ned the binding constant K can be also
obtained. Inthework, acalculation program wasde-
vel oped. Thecalculation process can befinished with
calculator based on the ssmple program and the cal cu-
| ating results can be obtained by inputting F, [D,] and
[B]. Thecalculated resultswereshownin TABLE 1.

TABLE 1: Quenchingreactiveparametersof BHb and M XFX at different temperatures

Ao T/K Kq/ (I mal™ st ry Ka/ (I mol™) n ry
293 2.81x10*% 0.9935 2.78x10* 0.95 0.9945

280 303 2.46x10"% 0.9964 2.38x10* 0.82 0.9932
313 2.00x10* 0.9919 1.86x10* 0.77 0.9914
293 3.41x10% 0.9959 3.43x10* 1.02 0.9970

295 303 2.52x10% 0.9977 2.79x10* 0.88 0.9935
313 2.04x10% 0.9950 2.34x10* 0.81 0.9947

r, isthe linear relative coefficient of F /F~[L]; r, is the linear relative coefficient of log(F -F)/F~log{[D,]-n[B](F-F)/F}.
ins the quenching rate constant; K_ is the binding constant; n is the number of binding site.

As seen in TABLE 1, the values of n were ap-
proximately equal to 1 at different temperatures, which
indicated theexigtenceof just amanbinding Stein pro-
tenfor MXFX. Theorder of magnitudeof binding con-
stants (K ) was 10* indicated the existence of strong
interaction between protein and MXFX. Meanwhile,

thevauesof K, decreased with theincreasing tempera-
ture, further suggested that the quenchingwasastatic
process?, henceit led to the reduced of the stability of
binary systems. In the other hand, comparing the data
of 280 nm with 295 nm, values of K_and n had less
differenceat different temperatures, it explained that
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MXFX would mainly quench thefluorescenceof Trp
from protein. In addition, valuesof K weregreater for
BSA-MXFX system, than that for BHb-MXFX sys-
tem. It wasevident that MXFX could bindto BSA as
well asBHDb, but the binding ability isstronger for BSA,
than that for BHb. It wasalso proved that BSA isthe
main transport carrier for drugsinblood plasmapro-
tein of organism.

Type of interaction force of protein-MXFX sys-
tems

Ross and Subramanian(?? have characterized the
sign and magnitude of the thermodynamic parameter,
entha py change (AH), free energy (AG) and entropy
change (AS) of reaction, associated with variousindi-
vidua kindsof interaction. Thereaction AH canbere-
garded as constant if the temperature changeslittle.
Negative AH and positive ASindicate el ectrostaticin-
teraction plays amajor role in the binding reaction.
Positive AH and ASare generally considered asthe
evidencefor typica hydrophobicinteractions. In addi-
tion, Van der Waal s force and hydrogen bonding for-
mationinlow didectric mediaarecharacterized by nega:
tive AH and AS%.. Thethermodynamic parameterscan
be cal cul ated on the basi s of thefollowing equation:
RINK =AS-AH/T (5)
AG = AH -TAS (6)

According to the binding constants K, of MXFX
to protein at different temperaturesabove (TABLE 1),
the thermodynamic parameterswere obtained conve-
niently. Therefore, the values of AH, ASand AG for
BSA-MXFX systemwere-1.79 kJmol*, 85.2 Jmol*

o (A) /\ 280nm
091 & O 295nm
ﬂaﬁ
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" agg0g
0.0 L L : ' '
0 30 60 920 120

[MXFX] / |BSA]

Figure3: Quenching curvesof Protein-MXFX systemat 4, =280 nm and 295 nm (T =293K). (A): C,,, =1.0x10°*moal/l, C
=1.0x10°~8.0x10°mol/l.

=1.0x10°~ 1.2x10"moal/l; (B): C,,,,=4.0x10°mol/l, C

MXFEX

K1, -26.8 kJmol (T =293 K), respectively. Thenega
tivevaueof AG darified an automeatic reaction between
MXFX and BSA. Thenegative va ue of AH and posi-
tivevaueof ASshowed that MXFX mainly bound to
BSA by the el ectrostatic attraction4.

For BHb-MXFX system, thevauesof AH,ASand
AG were -1.67 kJ mol?, 88.5 J mol* K1, -27.6 kJ
mol* (T =293 K), respectively. The negative value of
AG darified an automatic reaction between M XFX and
BHb. The negativeva ue of AH and positive value of
ASshowed that MXFX mainly bound to BHb by the
electrogtatic attraction.

I dentification of thebinding stesof MXFX onthe
protein

Participation of tyrosine(Tyr) and tryptophan (Trp)
groupsin drug-protein complexesisassessed using dif-
ferent excitation wavelengths. At 280 nm wave ength
theTrpand Tyr resduesin proteinareexcited, whereas
the 295 nmwavdength excitesonly Trpresidues. Based
on the Stern-\VVolmer equation, comparing thefluores-
cence quenching of protein excited at 280 nm and 295
nm alowsto estimatethe participation of Trpand Tyr
groupsinthe complex®,

AsseeninFigure 3, the quenching curvesof pro-
tein excited at 280 nm and 295 nm in the presence of
MXFX overlap below themolar ratio MXFX:BSA at
80:1and MXFX:BHb 10:1. Thisphenomenon showed
that Trp residueplayed animportant roleintheinterac-
tion of MXFEX with protein. Tyr res duemight take part
intheinteraction on the high concentration of MXFX;
however, itisdighter than Try residue.

1.1
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For BSA, thereweretwo Trp moieties (Trp-134
and Trp-212) located in subdomains 1B and 1A, re-
spectively, and only Trp-212islocated within ahydro-
phobic binding pocket of the proteinwhich usudly bind
many small ligands, especialy heterocyclicligands of
averagesizeand small aromatic carboxylic acids®!. In
thisway, it could confirm that the primary binding site
for MXFX inBSA waslocated at Trp-212 in sub-do-
mainllA of BSA. Meanwhile, Hb isatetrameric pro-
tein composed of two o and two B subunits. Thereare
three Tyr and one Trp residuesin a subunit, three Tyr
andtwo Trpresiduesin 3 subunit, respectively. a-14Trp
and B-15Trp exposeto the subunit surface. However,
B-37Trp, 0-42Tyr, a-140Tyr, and B-145Tyr arelocated
a thea1 B2 subunit interface remainedinvariant through-
out the evolution of a and B subunits, they areindis-
pensablefor the maintenance of structureand function
of Hb, and ared so considered asthemain binding sites
for small drug moleculé?”. Therefore, B-37Trpresidue
in BHb was confirmed the primary binding site for
MXFX inBHb.

Hill’s coefficient of protein-MXFX system

In biochemigtry, thebinding of aligand moleculeat
onesteof amacromol eculeofteninfluencestheaffinity
for other [igand molecules at additional sites. Thisis
known ascooperativebinding. Itisclassfiedinto pos-
tive cooperativity, negative cooperativity and non-
cooperativity according to the promotion or inhibition
to theaffinity for other ligand molecules. Hill’s coeffi-
cient providesaway to quantify thiseffect andiscalcu-
lated graphically on the basis of the following equa-
tion®:

Ig%:ng +nHIg[L] @)

whereY isthefractiona binding saturation; K isthe
binding constant and n,, istheHill’s coefficient. Hill’s
coefficient isgreater than one, which exhibits positive
cooperativity. Conversdy, Hill’s coefficient is less than
one, which exhibitsnegative cooperdivity. A coefficient
of 1indicates non-cooperativereaction.

For fluorescence measurement:

Y _
1-YQ,-Q ®

where Q =(F —F)/F; 1/Q_=intercept of theplot 1/Q

versus 1/[L]. Hill’s coefficients were presented in
TABLE 2.

Thevaluesof n, weredlightly lessthan 1inthe
systemshboth at excitation wave engths 280 nmand 295
nm at different temperatures, which indicated negative
cooperativenessintheinteraction of MXFX with pro-
tein, but they wereweak. In addition, thevauesof n,,
wereinversely correl ated with increasing temperature
illustrated the exi stence of negative cooperativity be-
tween MXFX and protein, that was, theability of drug
bounding to protein has decreased with the previous
ligand (MXFX) boundingto protein gradudly. Further-
more, thisnegative cooperativity became more power-
ful withincreasing temperature, reducing theamount of
MXFX that could bebound to protein. It wasa so one
of the reasons which led to the reduced K_with in-
creasing temperature. Comparing thevauesof n , of
BSA-MXFX systemwith BHb-MXFX system, it can
infered that the negative cooperdtivity of BSA-MXFX
system is more powerful than BHb-MXFX system,
which resulted from the more stable binding ability for
BSA-MXFX system.

TABLE 2: Hill’s coefficients n, of BHb-M XFX at different
temperatures

TIK e/ 280 Nm Aex/ 295 NM
Ny rs Ny rs
293 0.987 0.9931 0.958 0.9925
303 0.955 0.9933 0.897 0.9927
313 0.709 0.9910 0.669 0.9908

r, isthe linear relative coefficient of Ig[Y/ (1-Y)]~Ig[L].
Binding distancesbetween M XFX and protein

According to Forster’s non-radiative energy trans-
fer theory, energy efficiency E, critical energy-transfer
distancer ,(E = 50%), the energy donor and the en-
ergy acceptor distancer and the overlap integral be-
tween thefl uorescence emiss on spectrum of thedonor
and the absorption spectrum of the acceptor J can be

cdculated by theformulag?:

E=1-F/R=r>/ (] +r°) ©
r,> =878x10°K*ON*J (10)
J =D F(A)e(M)A'AN/ D F(A)AL (11)

where K? isthe orientation factor, @ isthe fluores-
cence guantum yield of the donor, Nisarefractive
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index of themedium, F () is the fluorescence inten-
sity of the fluorescence donor at wavelength 2 and ¢
(1) is the molar absorption coefficient of the acceptor
at thiswavelength. The overlap of UV-visabsorption
spectraof MXFX and thefluorescence emission spec-
traof BSA (/_, =280 nm) wereshownin Figure4, it
wassimilar for MXFX and BHb. Under these experi-
mental conditions, it hasbeen reported that K2 =2/3,
N =1.336 and ¢ =0.118 for BSAR, ¢ =0.062 for
BHD®Y, respectively. Thus J, E, r and r were cal cu-
lated and shown in TABLE 3. The donor-to-accep-
tor distancer <7 nmindicated that the energy transfer
from proteinto M XFX occured with high possibil-
ity?®3. Further thevalueof r wasgreater thanr  inthis
study which suggested that MXFX could strongly
guench theintrinsic fluorescenceof proteinby astatic
guenching mechanism®3. Moreover, thedistancer
increased and the energy efficiency E decreased with
increasing temperature (TABLE 3), whichresultedin
the reduced stability of the binary systems and the
valuesof K.,

10.24

A 0.00
450 500

0 1
250 300 350 400
A /am

Figure4: Fluorescenceemission spectrafor BSA (1) and UV

C

MXFX ~ “~BSA

absorbance spectrafor MXFX (2). T=293K; C
=6.0x10°mol/l.

TABLE 3: Parametersof E, J,r, R between MXFX and BHb
at different temperatures

T/IK E@®) J/(md*cm® Re/nm r/nm
293 2313 1.41x10* 2.33 2.84
303 2255 1.40x10* 2.32 2.86
313  21.68 1.36x10™ 2.31 2.87

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

Conformation investigation of protein

Synchronous fluorescence spectraare used to in-
vestigate the protein conformational change, asit has
been shown to give narrow and simpl e spectra. For
the synchronousfluorescence spectraof protein, when
the A4 value between the excitation and emission
wavelengthsis stabilized at either 15 or 60 nm, the
synchronousfluorescence gives characteristicinfor-
mation for Tyr residuesor Trp residues’®!. Because
of thered shiftsof maximum emisson wave engths of
both Tyr and Trp with theless hydrophobic environ-
ment, blueshiftsof maximun emissonwave engthswith
themore hydrophobic environment. Thesered or blue
shiftsindicated that the conformation of protein has
been changed®.

In order to further study the effect on the confor-
mation of BSA, the synchronousfluorescence spectra
were measured when the AZ =15 nm and A2 =60 nm
asshownin Figure5. It can be seen from Figure 5 that
thefluorescenceintensitiesof Tyr and Trpresiduesin
BSA decreased regularly with increasi ng concentration
of MXFX. At the sametime, the maximum emission
wavd ength had 4 nm blue shiftsat theinvestigated con-
centrationsrange when A4 =60 nm, whilethe maxi-
mum emissonwavelength had 7 nm red shiftswhen A4
=15nm. Thisrevea ed that theamino acids microenvi-
ronment changed due to the reaction of MXFX and
BSA, making the hydrophobicity of Trp residues
strengthened whereasthe hydrophobi ¢ environment of
Tyr residues more polar. High concentration of drugs
makes protein mol eculesextend, thusreducing energy
transfer between amino acids, reducing thefluorescence
intensityt*,

It wassimilar to BSA-MXFX system, thefluores-
cenceintensitiesof Tyr and Trpresiduesin BHb de-
creased regularly with increasing concentration of
MXFEX.Atthesametime, themaximum emissonwave-
length kept the position at theinvestigated concentra-
tionsrangewhen A4 =15 nm, whilethe maximumemis-
sionwavel ength had an obvious blueshift when A4 =60
nm. It revedled that theamino acids microenvironment
a so changed dueto thereaction of MXFX and BHb,
that was, MXFX forced into the hydrophobic cavity of
BHb through electrostatic attraction and mainly
quenched thefluorescence of 3-37Trp. All of these led
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to the polarity around Trp residuesweakened and the
hydrophobicity strengthened, making the quaternary

80

320
2 /mm

1
300

0
280

340

Figure5: Synchronousfluorescencespectraof BSA-M XFX system (T =293K). C,, =1.0x10°mol/l,1~5C
6.0, 10.0, 15.0, 25.0)x10-° mal/l; (A) A2 =15nm; (B) A4 =60 nm

CONCLUSIONS

Using the quenching fluorescence method we stud-
ied theinteraction between MXFX and BSA aswell
as BHb. The experimental results indicated that
MXFX had embedded into the hydrophobic cavity
through el ectrostatic forceand bound to Trpin pro-
tein, and theinteraction with BSA was stronger than
BHb. The donor-to-acceptor distancer waslessthan
7 nm, indi cating non-radiation energy transfer. The
negative cooperativity existed in protein-MXFX sys-
tem for subsequent ligand and it was more powerful in
BSA. From the synchronousfluorescence spectra, it
could beshown that the conformational change of pro-
teinwasinduced by theinteraction of MXFX withthe
amino acid micro-region of protein molecules. The
study will extend the use of fluorescence spectros-
copy; meanwhile, it providesimportant informationto
understand their pharmacokinetic and toxicol ogical
profile, and also provides useful insightsinto the fu-
tureclinical medicine.
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sructure of BHb change, thereby affecting the oxygen-

carrying function of BHb*",
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