ISSN : 0974 - 7435 Volume 11 I ssue 8

LioSechn o/oyy

A Indian Yournal

—====> FyLL PAPER

BTAIJ, 11(8), 2015 [295-303]

I nteraction between Minodiag and bovine hemoglobin:

Fluor escence study

Baosheng Liu*, Lihui Zhang, Zhiyun Li, Ying Guo

Key Laboratory of M edical Chemistry and M olecular Diagnosis, Ministry of Education, Collegeof Chemistry & Environ-

mental Science, Hebel Univer sity, Baoding 071002, Hebel Province, (P.R.CHINA)

E-mail : Ibs@hbu.edu.cn

ABSTRACT

The interaction between Bovine Hemoglobin (BHb) and Minodiaq was
investigated at different temperatures by fluorescence spectroscopy, as
well as the effect of some metal ions (Mg#, Zn?, Cu®, Mn#, Ni%, V5,
Mo®*, Cr®*) on the BHb-Minodiag system. Results showed that Minodiaq
could quench the intrinsic fluorescence of BHb, and the quenching
mechanism was a dynamic quenching process. The hydrophobic force
played an important role on the conjugation reaction between BHb and
Minodiag. Synchronous spectra and CD spectra revealed that the
microenvironment and the conformation of BHb were changed during the
binding reaction. Studies on the interaction between BHb and drug will
facilitate interpretation of the drug’s metabolism and transporting process
in the blood, and will help to explain the relationship between structures
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and functions of BHb.

INTRODUCTION

Withthechangeof thehuman conditionand dietary
patterns, diabetes has become“the third biggest killer”
to harm human health next to cancer and AIDSY.
Minodiag isonekind of diabetes medicationswhich
are bel onged to sulfonylureas (the structure shownin
Figure )3, Sulfonyluresshd pthe pancreas makemore
insulin, they also help the cellsto respond better toin-
sulin and this benefitslower blood sugar and keep it
under better control. Hemoglobin (Hb) isone of the
important proteinsin the human body, main ingredient
intheerythrocyte. Itiswell knownfor itsfunctioninthe
vascular system, being acarrier of oxygeni“l. Bovine
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hemogl obin (BHD), which shares 90% amino acid se-
guence homol ogy with human hemoglobin, hasafew
advantagesover itshuman counterpart. Compared with
human hemoglobin, BHb playsabetter oxygen carrier
role®, Studiesonthebinding of drugwith proteinwill
fadilitateinterpretation of the metabolism and transport-
ing processof drugandwill heptoexplainthereation-
ship between structureand function of protein.

At present, themolecular interaction between BHb
and many drugs has been investigated successfully in
bio-medical domain®®. However, theinteraction be-
tween Minodiagq and BHb has not been investigated,
especidly theeffectsof somemeta ionsonthebinding
of drugsto BHb. Inthisreport, theinteraction between
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Minodiag and BHb wasinvestigated by fluorescence
spectroscopy, UV-vis spectroscopy and CD spectra,
aswell asthe effectsof somemeta ions(Mg?, Zn?,
Cu?, Mn?, Ni?", V5, Mo®, Cr®) on the BHb-
Minodiag system. There hasbeen increasing atention
on thestudy of molecular interactionsbetween protein
and many drugs. It isagreat significanceto study the
binding mechanismfor lifescience, chemica, pharma:
ceuticd and clinica medicine.

Flgurel. Chemical structureof Minodiaq

EXPERIMENTAL

Apparatus

All fluorescence spectra were recorded with a
Shimadzu RF-5301PC spectro- fluorophotometer.
Absorption was measured with an UV-visrecording
spectrophotometer (UV-265 Shimadzu, Japan). CD
spectrawere recorded on aM 0OS-450/SFM 300 cir-
cular dichroism spectrometer (Bio-Logic, France). All
pH measurements were made with apHS-3C preci-
sonacidity meter (Leici, Shangha). All temperatures
were controlled by aCS501 super-heated water bath
(Nantong Science Instrument Factory).

Materials

Minodiaq (CAS#, 29094-61-9) was obtained from
Monitor of Chinese Veterinary Medicine (the purity
gradeinferior 99%). BovineHemoglobin (CAS#, 9008-
02-0) was purchased from Sigma Company (Sigma—
H3760; thepurity gradeinferior 99%). Stock solutions
of BHb (2.0x10*mol-L), Minodiaq (5.6x10° mol-L-
1 and metd ions(1.0x10*mol-Lt) were prepared. All
the stock sol utionswerefurther diluted asworking solu-
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tionsprior touse. Tris-HCI (0.05mol-L?) buffer solu-
tion containingNaCl (0.15 mol-L*) wasused to keep
the pH of the solution at 7.40, and NaCl solutionwas
used to maintain theionic strength of the solution. All
other reagentswere ana ytical grade and all agueous
solutionswere 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,, xgherho)? 1)

cor obs

Where, F_ and F _arethe corrected and observed
fluorescencei ntenstl es, respectively. A, andA__are
the absorbance val ues of Minodiag at exci tation and
emission wave engths, respectively. Thefluorescence

intensity used inthis paper was corrected.
Procedures

Inatypical fluorescence measurement, 1.0 mL of
Tris-HCI buffer, pH 7.4, 0.5 mL of 4.0x10°mol-L*!
BHb solution and different concentrationsof Minodiag
were added into a 10 mL colorimetric tube succes-
sively. Thesampleswerediluted to scaed volumewith
water, mixed thoroughly by shaking, and kept static for
30 minutesat different temperatures (293, 303 and 310
K). Excitation wavelength for BHb was 280 nm (or
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Figure2: Fluorescence spectraof BHb-Minodiaq system (T
=293K 4,,=280nm); C,, =2.0x10°mol-L*, 1~13C,, ..

=(0,0.056, 0.112, 0.224, 0.448,0.672,0.896, 1.34, 1.79, 2.24,
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295nm), withexcitationandemissonditat 5nm. Then
the Gluorescence spectra were then measured (emis-
sionwavelengthsof 290~500 nm) at 293, 303 and 310
K. Besides, werecorded thefluorescence spectrawhen
the value between the excitation and emission wave-
lengths, A1 was 15 and 60 nm. CD spectrawere per-
formed between 200 and 300 nm usinga1.0 mm path
length quartz cuvetteat 293 K.

RESULT AND DISCUSSION

Fluor escencequenching spectraof BHb-Minodiaq
system

1.20

A =280 nm
[=F

FJF

4293 K
« 303 K
310K

100

0.00000

1

0.00001

0.00002

L]/ mol.L"
Figure3: Sern-Volmer plotsfor thequenching of BHb by
Minodiaq at different temperatures; C_,, =2.0x10°mol-L?,

Cotinogiag = 26 x107"mol-L* and 4.48 XI(;;'g?noI ‘L
Proteinswere considered to haveintrinsic fluores-
cenceduetothepresence of aminoacids, mainly tryp-
tophan (Trp), tyrosine (Tyr). Whentheexcitationwave-
lengthswereat 280 nm and 295 nm, theemission peaks
for BHb were both located at 335 nm. The fluores-
cence spectrum of BHb-Minodiag system was shown
inFigure2. AsshowninFigure 2, thefluorescencein-
tensity of BHb decreased regularly and therewas a -
most no shift of theemission wave ength with the addi-
tion of Minodiag. Thisresult showed that Minodiag
could guenchtheintrinsic fluorescence of proteinand
therewasainteraction between Minodiag and BHDb.
Tointerpret the datafrom fluorescence quenching
sudies, it isimportant to understand what kind of inter-
action takes place between thefluorophore (BHb) and
theguencher (Minodiag). If it isassumed that thefluo-
rescence quenching of BHbinduced by Minodiagisa

1 1
0.00003 000004 0.00005

dynamic quenching process, fluorescencequenchingis
described by the Stern—Volmer equation!*?.
Fo/F=1+K 1,[L]1=1+K L] )
Where, F, and F arethefluorescenceintensitiesof BHb
before and after the addition of the Minodiaq, respec-
tively. 7, istheaveragelifetimeof fluorescencewithout
ligand, whichisabout 10 s. K_ isthe Stern-Volmer
quenching constant. Ky isthe bimolecular quenching
congtant, and [L] isthe concentration of theligand. Fig-
ure 3 digplaysthe Stern—Volmer plots of the quenching
of BHb fluorescence by Minodiag. It showsthat the
curveshavelinear rel aionshipswithincressingthecon-
centrationsof Minodiag. Based onthelinear fit plot of
F/F versus[L], the K, values can be obtained. The
calculated resultswereshownin TABLE 1. Different
mechanismsof quenching areusually classified asthe
dynamic quenching and the static quenching. Dynamic
and stati c quenching can be distinguished by their dif-
ferent dependence ontemperature. The quenching rate
constants decrease with therising temperaturefor the
static quenching, but thereverse effect isobserved for
the dynamic quenching®. In TABLE 1, the Stern—
Volmer quenching constantsat different temperatures
(293, 303 and 310 K) were presented. The results
showed that Ky increased with temperaturerisinginthe
concentration range of Minodiag from 0t04.48x10°
mol-L?, itindicated that the quenching mechanism of
BHb by Minodiag wasadynamic type. In addition, al
thevaluesof K, were much greater than the maximum
scatter collision quenching constant of various
quenchers(2x10%° L-mol™*-s?). Thismay bethe effect
of theionic strength, which makesK  too large!*2.

Inorder to confirm the quenching mechanismwas
adynamic process, the UV-visabsorption of BHbin
theabsenceand presence of Minodiagqweredetermined
at pH 7.40 Tris-HCI buffer solution. Theresult indi-
cated that Minodiag did not changethe ultraviol et ab-
sorption spectrum of BHb, which showed that the
quenching processwas not a stati c quenching but dy-
namic quenching. For the quenching process, therda
tionship between thefluorescenceintendity and the con-
centration of quencher can beusually described by Eq.
(3)!*¥ to obtain thebinding constant (K ) and the num-
ber of binging sites(n) in most paper:

Ig{(F, -F)/F}=nigK , +nlg{D,]-n(F,-F)/F,[B.]} 3
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Where, [D] and [B] are the total concentrations of
Minodiag and BHb, respectively. On the assumption
that ninthebracket isequa to 1, thecurveof Ig(F -F)/
FversusI{ [DJ-[B](F,-F)/F,} isdrawnandfittedlin-
early, thenthevaueof n can beobtained fromthedope
of theplot. If then vaueobtainedisnot equal to 1, then
itissubstituted into the bracket and thecurve of Ig(F -
F)/F versuslg{[D ]-n[B](F,-F)/F} isdrawn again.
Theabove processwasrepeated againand againtill n
obtained wasonly asinglevaueor acirculating vaue.
Based on the n obtained the binding constant K, can
be al so obtained. In thework, acal culation program
was devel oped. Figure 4 shows plots of Ig(F -F)/F
versuslg{ [D ]-n[B](F-F)/F,} for theBHb-Minodiag
system at different temperatures. Thecalculation pro-
cesscan befinished with caculator based onthesmple
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Figure4: Plotsof Ig(F -F)/F versuslg{[D]-n[B](F,-F)/F }
for theBHb-Minodiaq system at different temperatures. C

BHb
=2.0x10°mol-L?, C =1.12 x10°mol/L and 3.92 x10°

Minodiaq

program and the cal cul ating result can be obtained by
inputting F, [D ] and [B]. The calculated result was
showninTABLE 1. Thefact wasthat thevauesof n
wereall equal to 1 approximately imply that just one
binding sitefor Minodiag existedin BHb. Meanwhile,
theincreasingtrend of K_ withtheincreasing tempera-
ture, further suggested that the quenching was ady-
nami C process.

Participation of tyrosine(Tyr) and tryptophan (Trp)
groupsinthedrug-serumabumin complex formationis
confirmed by quenching of proteinfluorescenceexcited
at different wave engths*. When thewavelengthis280
nm, the Trp and Tyr residuesin protein are excited,
whereasthe 295 nmwavel ength excitesonly Trp resi-
dues®™. BHb isatetrameric protein composed of two
a and two [ subunits. There are three Tyr (a-24Tyr, a-
42Tyr, a-140Tyr) and one Trp (a-14Trp) residues in o
subunit, three Tyr (B-34Tyr, B-144Tyr, B-145Tyr) and
two Trp (B-15Trp, B-37Trp) residues in B subunit, re-
spectively®, a-14Trp and f-15Trp expose to the sub-
unit surface. However, -37Trp, a-42Tyr, a-140Tyr,
and -145Tyr are located at the a1 2 subunit interface
remained invariant throughout the evolution of o.and 3
subunits, they areindispensablefor themai ntenance of
structure and function of BHb and a so considered as
themain binding sitesfor smal drug molecul €. Based
on the Stern-VVolmer equation, comparing thefluores-
cenceguenching of protein excited at 280 nm and 295
nm alowsto estimatethe participation of Trpand Tyr
groupsinthe system*®. Aswecan seeinFigure5, in
the presenceof Minodiag, thequenching curvesof BHb
excited at 280 nm and 295 nm no overlap, and the
quenching curvesof BHb at 280 nm was much greater

mol-L2., than 295 nm. This phenomenon showed that Trp and
TABLE 1: Quenchingreated parameter sof BHb and Minodiag at different temperatures
Aed (NM) TIK Ke/(L-mol™) Kg/(L-mol *s™) r Ka/(L-mol™) n r

293 1.05x10* 1.05x10% 0.9972 1.11x10* 1.15 0.9918

280 303 1.34x10* 1.34x10% 0.9964 1.24x10* 0.97 0.9981
310 1.42x10* 1.42x10% 0.9937 1.53x10% 111 0.9906
203 3.01x10° 3.01x101 0.9980 2.99x10° 0.99 0.9975

205 303 4.46x10° 4.46x101 0.9975 3.42x10° 0.92 0.9943
310 5.46x10° 5.46x101 0.9988 4.28x<10° 0.92 0.9979

K, isthequenchingrateconstant; K_isthebinding congtant; nisthenumber of bindingsite. r, isthelinear relative coefficient
of F/F~[L]; r,isthelinear relativecoefficient of Ig(F -F)/F~Ig{[D]-n[B](F,-F)/F }.
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Tyr resdueplayed important roleintheinteraction be-
tween Minodiag and BHb.
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Figure5: Quenching curvesof BHb-Minodiaq sysemat 2, =
280 nm and 295 nm; C,, = 2.0x10°mol-L*%; C,,, ... = (O,
0.056, 0.112, 0.224, 0.448, 0.672, 0.896, 1.34, 1.79, 2.24,
3.36,3.92, 4.48)x10° mol-L*

Type of interaction force of BHb-Minodiag sys-
tems

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-
nitudeof thethermodynamic parameter, entha py change
(AH), free energy (AG) and entropy change (AS) of
reaction, associated with variousindividua kindsof in-
teraction. When temperature variesinasmall range,
the AH could be considered as a constant. Negative
AH and positive AAS indicate electrostaticinteraction
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
didectric mediaare characterized by negative AH and
AS?, The thermodynamic parameters can be cal cu-
lated onthe basisof thefollowing equation:

RINK =AS—-AH/T 4
AG = AH -TAS (5)

Accordingto thebinding constantsK_of Minodiag
to BHb at different temperatures mentioned above
(TABLE 1), thethermodynamic parameterswere ob-

tained conveniently. Thevauesof H wasobtained from
thelinear van’t Hoff plot (Figure 6). Therefore, the val-
uesof AH, ASand AG werelisted in TABLE 2. The
negative value of AG clarified an automatic reaction
between Minodiag and BHb, thepositivevalueof AS
and positivevaueof AH showed that the hydrophobic
forcesplay amgor roleinthe binding process.

Furthermore, the positivevalueof AH indicated that
the interaction between BHb and Minodiag was an
endothermicreaction. i.e., increasing temperature pro-
moted theinteraction between BHb and Minodiag and
also fluorescence quenching between BHb and
Minodiag. Those conclus onswereconsistent with the
resultsin TABLE 1, whichindicated thet increasingtem-
perature could promotefluorescence quenching and the
guenching congtants.

Hill’s coefficient of BHb-Minodiaq system

Inbiochemistry, the binding of aligand moleculeat
onesiteof amacromol eculeofteninfluencestheaffinity
for other ligand molecules at additiona sites. Thisis
known ascooperativebinding. Itisclassfiedinto pos-
tive cooperativity, negative cooperativity and non-
cooperativity according to the promotion or inhibition
totheaffinity for other ligand molecules. Hill’s coeffi-
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Figure 6 : Van’t Hoff plot for the interaction of BHb and
Minodiaqin TrissHCl buffer; pH =7.4.

TABLE 2: Thethermodynamic parameters

T/K Kg(L-mol™) SD; AH/(kJ'mol™) AS/(J’)K') AG/(kJ-mol™)
293 1.11x10* 0.55539 1.335 77.44 -22.69
303  1.24x10* 0.55539 1.335 78.36 -23.74
310  1.53x10* 0.55539 1.335 80.11 -24.83
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cient providesaway to quantify thiseffect andiscalcu-
lated graphically on the basis of the following equa-
tion2Y;

lg{Y /(1-Y)}=1gK +n, Ig[L] (6)
Where, Yisthefractional binding saturation; K isthe
binding constant and n, istheHill’s coefficient. Hill’s
coefficient isgreater than 1, which exhibits positive
cooperativity. Conversdly, Hill’s coefficient is less than
1, which exhibitsnegative cooperativity. A coefficient
of 1indicates non-cooperativereaction.

For fluorescence measurement:
Y/(1-Y)=Q/(Qn-Q) (7)
Where, Q= (F,-F)/F,; VQm=intercept of theplot 1/
Qversus V[L]. Hill’s coefficients were presented in
TABLE 3. Thevauesof n, weregreater than 1 at dif-
ferent temperatures, theseresultsindicated that there
was positive cooperative reaction between BHb and
Minodiag.

TABLE 3: Hill’s coefficients n,, of BHb-Minodiaq systemsat
different temperatures

Ae /280 Nm Ae /295 NmM
T/K
Ny 3 SD, Ny ) SD,
293 1.18 09935 0.08821 1.07 0.9963 0.05607

303 1.04 09969 0.05098 1.03 0.9982 0.02348
310 1.30 09948 0.07044 1.23 0.9978 0.03798

r,isthelinear relative coefficient of Ig[ Y/(1-Y)]~g[L]; SDis
thestandard deviation.

Binding distancesbetween BHb and Minodiaq

According to Forster’s non-radiative energy trans-
fer theory!®, energy efficiency E, critica energy-trans-
fer distance R, (E = 50%), the energy donor and the
energy acceptor distancer andtheoverlapintegral be-
tween thefl uorescence emiss on spectrum of thedonor
and the absorption spectrum of the acceptor J can be
cd culated by thefollowing formulas?:

E=1-F/F, =R, /(R +r°) ®
R,” =8.78x10K *ON™J ©)
J=Y F(M)eMA'AL Y F(L)AA (10)
Where, K?isthe orientation factor, @ isthefluores-
cencequantumyield of thedonor, Nisarefractivein-

dex of themedium, F (1) isthefluorescenceintensity of
thefluorescence donor at wavelength 4 and e(1) isthe

molar absorption coefficient of the acceptor at this
wavel ength. The overlap of UV-visabsorption spectra
of Minodiag and the fluorescence emission spectraof
BHb (1ex =280 nm) were shown in Figure 7. Under
these experimental conditions, it has beenreported that
K2 =2/3, N =1.336 and @ =0.062"%. Thus J, E, R
and r were calculated and shown in TABLE 4. The
donor-to-acceptor distancer <7 nmindicated that the
energy transfer from BHb to Minodiag occured with
high possibility™®. The energy efficiency Eincreased
and thedistancer decreased with increasing tempera
ture (TABLE 4), whichresulted inthe enhanced stabil-
ity of thebinary sysemsandthevaluesof K . Thisre-
sult coincideswith Section fluorescence quenching spec-
traof BHb-Minodiaq system, namely theincreasing
trend of K_ withincreasing temperature.

Conformation investigation of BHb

Synchronous fluorescence spectraareused to in-
vestigate the protein conformational change, asit has

0.06

-4 0.05

- 0.04

<4003

Afa.u)

4002

- 0

Adnm

Figure7: Fluorescenceemission spectrafor BHb (1) and UV
absorbancespectrafor Minodiaq (2); T=293K; C, ... =
Cypp, = 6.0x10°mol-L*

TABLE4: Parametersof E, J,r, R between BHb and Minodiaqg
at different temperatures

TK E(®%) J(cm*L-mol™)  Ro/nm  r/nm
293  1.19 8.32x10° 1.38 3.03
303 196 1.22x10" 1.55 2.98
310 291 1.67x10™" 1.63 2.93

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.
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been shown to give narrow and s mple spectra. For the
synchronousfluorescence spectraof protein, whenthe
A/ value between the excitation and emission wave-
lengthsisfixed at either 15 or 60 nm, the synchronous
fluorescence gives characteristicinformation for Tyr
residuesor Trp residues?®. Because of thered shiftsof
maximum emission wavel engths of both Tyr and Trp
with theless hydrophobi c environment, blue shifts of
maximun emission wavel engthswith themore hydro-
phobic environment occur?’. Thesered or blue shifts
indicated that the conformation of protein has been
changed. In order to further study the effect on the
conformation of BHb, the synchronous fluorescence
spectrawere measured when the AZ =15 nm and AZ
=60 nmasshown in Figure8. It can beseenfrom Fig-
ure 8 that the fluorescenceintensitiesof Tyr and Trp
resduesin BHb decreased regularly withincreasing con-
centration of Minodiag, and the emisson maximum of
Tyr and Trp residuesdid red shift of 3nmwhichindi-
cated that the conformation of BHb was changed, the
polarity around the Tyr and Trp residueswasincreased
and the hydrophobicity was decreased. Thismay be
dueto the changes of residue microenvironment with
theinsertion of Minodiag. In BHb, aromatic residues
suchasa-42Tyr, a-140Tyr, B-37Trp and B-145Tyr are
located at the a1B2 subunit interface and undergo
changing of environment with thequaternary structure
transition from T to RI?®. TheBHb central cavity con-
tainsfunctiona significantly center for binding severa

0

(A)

Z0 o)) 310 320 0
A dom

Figure8: Synchronousfluor escence spectraof BHb-Minodiaq system (T =293K); C
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classof dlogteric effectors, which modulate BHb affin-
ity to oxygen. Thered shift impliesthat Minodiag has
ability to bind into BHb central cavity and inducesthe
structural and functional changes of BHb™?, In addi-
tion, with theincreased amount of Minodiag the extent
of thered shift and the declinein fluorescence peak of
Trpislarger than the extent of the red shift and the
declineinfluorescence peak of Tyr, thisindicated that
Minodiag was much closer to Trp than Tyr, and mainly
quenched thefluorescenceof 3-37Trp.

Effect of metal ionson theBHb-Minodiaq system

Inthe plasma, there are some metal ionsthat can
participatein many important vital actionsand affect
thereactionsof the drugswith the plasmaprotein. So
the effect of metal ions(Mg?, Zn?", Cu*, Mn?", Ni#,
V&, Mo®, Cr) on the binding constant of Minodiag
to BHbwasa so discussed. Theconcentrationsof BHb
and metal ionswere constant as2.0x10°mol-L* and
1.0x10°mol-L?, respectively, and different concen-
trationsof Minodiaqwere added in the sol ution respec-
tively at 303K. Theexcitation wavelength was 280 nm
and the excitation and emission ditswereset at 5nm
each. The solution was subsequently scanned on the
fluorophotometer and determined thefluorescent inten-
Sty at 335 nm. Based onthe Eq. (3), wecan obtainthe
vaueof K_of BHb-Minodiag systemwith Mg, Zn?,
Cu?, Mn?*, Ni#, V5, Mo®, Cr¢*. Thecalculated re-
sultswere shown in TABLE 5. From TABLE 5, we

300

250

A00

A fnm
=2.0x10%mol-L?,1~8C

BHb Minodiag = (O’

0.896, 1.34, 1.79, 2.24, 3.36, 3.92, 4.48) x10° mol-L; (A) A4 = 15 nm; (B) A2 =60 nm
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can observetha theexistenceof Mg, Zn?t, Cu?*, Mrn#,
V*, Mo*, Cr¢ decreased the binding constant between
BHb and Minodiag, which resulted from certain com-
petition among metal ionsand Minodiaq for the BHDb,
theformation of metal ions-BHb complexeswaslikely
to affect the conformation of BHb and inhibit the bind-
ing of BHb-Minodiag®; Theexistenceof Ni?* enhanced
the binding of BHb and Minodiag. Thisisdueto the
interaction between metal ionsand Minodiag, where
themeta ions-Minodiagq complex isformed. Thiscom-
plex theninteractswith BHb, forming thenew complex
metal ions-Minodiag-BHb. The binding of BHb-
Minodiaq is thus enhanced due to the existence of
metalion bridge®!. Thisresultindicated that the exist-
ence of metal ionswould lead to binding constant K,
changed spontaneoudy, therewere possibleeffectson
the stayed-timefrom the blood, the transportation of
Minodiaqg, aswell asplasmaconcentration and effec-
tive concentration, having effects on the efficacy of
drugs®.

TABLE 5 : Quenching reactive parameters of BHb and
Minodiaq (T =303K, 4, =280 nm)

metal ions Ka/ (L-mol™) r SD

1.24 x 10* 0.9981 0.0409
Mg** 5.58 x 10° 0.9983  0.03169
zn? 1.04 x 10* 0.9967  0.05100
cu® 9.87 x 10° 0.9975  0.05157
Mn?* 5.67 x 10° 0.9942  0.06559
Ni2* 1.39 x 10* 0.9954  0.08986
\Va 3.29x 10° 0.9984  0.02861
Mo®* 6.16 x 10° 0.9929  0.07625
cr® 7.47 x 10° 0.9909  0.06288

K, is the binding constant; r is the linear relative coefficient of
I9(F,-F)/IF-g{[D]-n[B](F,F)/F}. SD isthe standard deviation.

CD spectraof BHb-Minodiag system

CD isasendgitive techniqueto monitor any kind of
conformational changeinthe protein uponinteraction
with drug molecule. To investigatethe possibleinflu-
ence of Minodiag binding on the secondary structure
of BHb, the CD spectrawas performed in the absence
and presence of Minodiag asshownin Figure9. As
evident from Figure9, the CD spectraof BHb exhib-
ited two negative peaksinthe UV region at 209 and
222 nm, which are characteristic features of a-helix

structure of proteing®3. Thereasonable explanation of
theresultisthat these negative peaksare both contrib-
uted to n—z* transition for the peptide bond of a-
helixi®¥. The bandsintensities of BHb at 209 and 222
nm decreased with the addition of Minodiaq without
causing any significant shift of the peaks, thisindicated
thelossof a-helix secondary structure content upon
theinteraction of Minodiaqwith BHb. When molar ra-
tioof BHbto Minodiagwere 1:0, 1:2.8, 1:14, the o-
helix content were 25.52%, 21.47%, 19.96%, respec-
tively. Thereduction of thea-helix structurecontent was
dsoanindicaionof apartid unfolding of theBHb struc-
ture, in the presence of Minodiag®™!. The binding of
Minodiagewith BHb could destroy someprotein hy-
drogen bonding networksand induce some secondary
structure changein BHb®,

0 /)
IS

(1) BHb

sl (1) (2) c(BHb):c(Minodiaq)=1:2.8
(3) c[BHb):c{Minodiag)=1:14
10 . 1 1 L
200 220 240 260 280 300

A /mm
Figure9: Thecircular dichroism spectraof BHb-Minodiaq
system (T =293K); C,,,, = 2.0x10°mol-L*, C =(0.56,
2.8) x10°mol-L%.

Minodiaq

CONCLUSIONS

Inthispaper, theinteraction of Minodiaqwith BHb
was studied at different temperaturesby fluorescence
spectroscopic methods, UV-vis absorption measure-
ment and CD spectroscopy, as well as the effect of
some metal ions (Mg*, Zn?*, Cu?*, Mn?*, Ni#, V*,
Mo®%, Cr¢) on the BHb-Minodiag system. The ex-
perimentd resultsindicated that Minodiag moleculehad
been embedded into the hydrophobic cavity through
hydrophobic forceand was mainly boundto 3-37Trp
in BHb. The donor-to-acceptor distancer waslessthan
7 nm, indicating non-radiation energy transfer. There
was positive cooperativereaction in BHb-Minodiag
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system for subsequent ligand. From the synchronous
fluorescence and CD spectra, it could be shown that
the conformationa change of BHb wasinduced by the
interaction of Minodiag. The existence of metal ions
would lead to binding constant K_ of BHb-Minodiag
system changed spontaneoudly. The study will extend
the use of fluorescence spectroscopy, meanwhile, it
providesimportant ing ghtsinto thefutureclinical medi-
cne
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