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ABSTRACT

Under simulative physiological conditions, the interactions between
lysozyme(LY SO) and metronidazole(MET) at different temperatures (298,
310 and 318 K) were studied usi ng fluorescence quenching and synchronous
fluorescence spectroscopy respectively. The results indicated that MET
guenched the intrinsic fluorescence of LY SO via a static quenching
procedure. The binding constants obtained from above method were of the
same order of magnitude and very similar; the number of binding siteinthe
interaction was closed to 1. The negative enthalpy changes and positive
entropy changes implied that electrostatic interaction might play a main
rolein theinteraction between MET and LY SO. Onthe basis of the Forster
theory of the resonance energy transfer, the binding distance between LY SO
and MET was less than 7 nm. In addition, the conclusions obtained from
two methods using the same eguation were consistent. It indicated that the
synchronous fluorescence spectrometry could be used to study the binding
mechanism between drug and protein, and was a useful supplementto the
fluorescence quenching method.  © 2015 Trade SciencelInc. - INDIA
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Lysozyme (LY SO) is a 14.6 KDa single chain
protein and composed of 129 amino acid residues,
containing 6 tryptophanes (Trp), 4 disulfide bonds
and 3 tyrosines (Tyr)W. Among the six Trp residues,
three arelocated at the substrate binding site, twoin
the hydrophobic matrix box, while oneis separated
from the others. Trp108 and Trp62 are the most
dominant fluorophores, both being located at the sub-

stratebindingsites?. It hasmany physiologicd and phar-
maceutica functions, such asanti-inflammatory, anti-
vira, immune modul atory, anti-histaminic and anti-tu-
mor activities. Soitisextensively used inthepharma
ceutical andfood tields. Another important function of
LY SO isits ability to carry drugs. It can cure some
ilInessviathebinding with activecompounds. Theef-
fectivenessof drugsdependson their binding ability.
Therefore, studieson theinteraction between drug and
LY SO areof importancein view of realizing disposi-
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Figure 1 : Chemical structure of metronidazole

tion, transportat ion and metabolism of drug.

Metronidazole® (MET) (the structure shownin
Figure 1) belongsto the nitroimidazole group. It is
employed in both human and veterinary medicineto
treat diseases caused by anaerobic bacteria
(Bacteroides, Fusobacterium, Campylobacter,
Clostridium) and protozoa (Trichomonas, Tre-
ponema, Histomonas).

Fluorescence quenching spectroscopy!® is used
to study the reaction mechanism for drugs and pro-
teins, mainly by analysising emission spectrum of
proteinwhen the excitation wavelength are 280nm
and 295nm. Thebinding constants, binding sites, type
of interaction force and binding distance between
drugs andproteins are obtai ned from that method.

Synchronous fluorescence spectroscopy intro-
duced by LIoyd has been used to characterize com-
plex mixtures providing fingerprints of complex
samples®. It involves simultaneous scanning of the
excitation and emission monochromators while
mai ntaining aconstant wavel ength interval between
them, whichisthe biggest differencefrom fluores-
cence quenching method. The main advantages of
synchronous fluorescence spectra are simplitied
spectra, narrowed bandwidth, high selectivity and
sensitivity. Synchronous fluorescence is often
clearly illustrated microenvironment information of
Tyr and Trp. However, using thismethod to study the
binding constant and binding Sitesbetween the protein
and the drug has not been reported. In our previous
report, fluorescence quenching and synchronousfluo-
rescence spectroscopy were used to study the binding
constants, the number of binding sites, binding forces
and energy-transfer parametersof LY SO with MET.
Thedataswereobtained and andyzed. Theresultsshow
that synchronous fluorescence spectroscopy isaben-
eficid method toinvestigatethe bindingmechanism be-

tween drug and protein.
EXPERIMENTAL

Apparatus

All fuorescence spectra were recorded with a
Shimadzu RF-5301PC spectrotiuorophotometer.
Absorption was measured with an UV/vis record-
ing spectrophotometer (UV-265, Shimadzu,Japan).
All pH measurements were carried out with apHS-
3C precision acidity meter (Leici, Shanghai, China).
All temperatures were controlled by a CS501 su-
perheated water bath (Nantong Science Instrument
Factory).

Materials

Metronidazole(M ET) was purchased from Yabao
Pharmaceutical Group Co.,Ltd. Monitor.
Lysozyme(LY SO) was purchased from SigmaCo (the
purity gradeinferior 99%). Stock solutionsof LY SO
(2.0x10°M) and MET (1.0x10M) were prepared.
All the stock solutionswere further diluted aswork-
ing solutions prior to use. Tris-HCI buffer solution
containing NaCl (0.15 M) was used to keep the pH
of the solution at 7.4. NaCl solution was used to
maintain theionic strength of the solution. All other
reagents were of analytical grade, and all agueous
solutionswere prepared with newly double-distilled
water and stored at 277K.

In order to eliminate the inner dlter effects of
protein and ligand, absorbance measurements were
performed at excitation and emission wavel engths
of the fluorescence measurements. Thefluorescence
intensity was corrected using the following equa-
tion®:

F, =F, xe®etien)2 (1)
where F__and F__ are the corrected and observed
fluorescence intensities, respectively. A_ and A__
arethe absorbance values of MET at excitation and
emission wavelengths, respectively. The fluores-
cence intensity used in this article was corrected.

Procedures
Fluor escence measur ements.
Inatypical fluorescence measurement, 1.0mL of
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pH =7.40Tris-HCI, 0.2 mL LY SO solution(2.0x10
SM)and different concentrationsof MET were added
into 10 mL colorimetric tube successively. Thesamples
werediluted to scal ed volumewith water, mixed thor-
oughly by shaking, and kept Static at different tempera-
tures (298, 310and 318 K). Theexcitation wavelength
for LY SO was 280nm (or295nm) with the excitation
and emission dit widths set at 5nm. The solutionwas
subsequently scanned on the fluorophotometer and
determined thefluorescent intendity at 341nm.

Synchronousfluor escence measur ements.

Solution preparation was as detailed above; we
recorded the fluorescence spectraof theLY SO-MET
system when the A\ value between the excitation
and emission wavel engths was stabilized at 15 and
60 nm, respectively.

RESULT AND DISCUSSION

Fluorescence quenching spectra of LY SO-MET
system

Proteins are considered to have intrinsic fluo-
rescence dueto the presence of amino acids, mainly
Trpand Tyr. When the excitation wavel engthswere at
280 nm and 295 nm, the emission peaks for LY SO
were both located at 341 nm. Figure 2 shows the
fluorescence emission spectraof LY SO inthe pres-
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enceof different concentrationsof MET. It canbeseen
from Figure 2 that addition of MET leadsto asignifi-
cant reduction in thefluorescenceintensity of LY SO
(similar to 295 nm). Meanwhile, aslight red shift of
emissonwave engthfrom 339 to 360nmwas observed.
Thisresult showed that MET could quenchtheintrinsic
fluorescence of LY SO strongly and the quenching of

LY SO fluorescenceby MET wasdueto theformation
of theLY SO-MET ground-state complex!®.

In order to confirm the quenching mechanism, the
fluorescence quenching data were analyzed by the
Stern-Volmer equation!*?

Fo/F =1+ K ro[L]1=1+ K [L] ()
Where F, and F are the fluorescence intensities in
the absence and presence of quencher, respectively.
1, 1S the average lifetime of fluorescence without
quencher and is 10® s. K_ is the Stern—Volmer
guenching constant. K, Is the quenching rate con-
stant of biomolecule, and [L] isthe concentration of
the quencher. Based on the linear fit plot of F/F
versus|[L], the K, values can be obtained. The cal-
culated resultswereshown in TABLE 1. The quench-
ing mechanism*¥ isgenerally classified aseither dy-
namic or static. Dynamic and static quenching can be
distinguished by their different dependenceon tempera
ture. Quenching rate constants decrease with increas-
ing temperaturefor the static quenching, but thereverse
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Figure 2 Fluorescence emission spectra of LY SO-MET (T=298K ,,ex=280)
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TABLE 1: Quenching reactive parameters of MET and LY SO at different temperatures

AedNM) TI(K) K/(L-mol™s™ K o/(L-mol™) r KJ/((L-mol™) n r
298 2.01x10* 2.01x10* 0.9942 1.77x10* 1.06  0.9961
280 310 1.96x10% 1.96x10* 0.9956 1.70x10" 1.02  0.9973
318 1.93x10% 1.93x10* 0.9947 1.35x10" 099  0.9915
298 1.98x10% 1.98x10* 0.9973 1.76x10* 1.03  0.9923
295 310 1.95x10% 1.95x10* 0.9934 1.70x10* 1.01  0.9915
318 1.91x10" 1.91x10* 0.9965 1.33x10* 096  0.9957

K, is the quenching rate constant; K_ isthe binding constant; n is the number of binding site;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}

effect isobserved for dynamic quenching. Asshownin
TABLE 1, Theresultsrevealed that thevaluesof K
andK q decreased withincreasing temperature, and the
K, were much greater than the maximum scatter colli-
sion quenching constant of variousquenchers(2x10%°
L-mol*s?). Those all suggested that the quenching
mechanismwasdueto satic quenchingineachcase. In
other words, the quenching of theLY SO fluorescence
by MET was dueto specific complex formation*2.

For static quenching process, therel ationship be-
tween thefluorescenceintensity and the concentration
of quencher could beusudly described by equation (3)
to obtain the binding constant (K ) and the number of
binging sites(n) inmost of papert3:

|og[F°—F_Fj= nIogKa+n|Og{[D‘]‘” FOF_F [B‘]}

0

(3)

where [Dt] and [Bt] are the total concentrations of
MET and LY SO, respectively. On the assumption
that ninthe bracket isequal to 1, thecurve of log(F,
-F)/F versus log{[D ]-[B](F, -F)/F}is drawn and
fitted linearly, then the value of n can be obtained
from the slope of the plot. If the n value obtained is
not equal to 1, then it is substituted into the bracket
andthecurve of log(F,-F)/F versuslog{ [D]-[B](F,
-F)/F} is drawn again. The above process is re-
peated again and againtill nobtainedisonly asingle
valueor acirculating value. Based on the n obtained,
the binding constant K can be also obtained. In the
work, acalculation program was developed. Thecal-
culation process can befinished with cal cul ator based
onthesimpleprogram, and the cal culating results can
be obtained by inputting F, [D ] and [B ]. The calcu-
lated resultswereshownin TABLE 1. Asseenin TABLE
1, the values of n were approximately equal to 1 at
different temperatures, indicating thereisonebinding

siteof MET to LY SO. Meanwhile, the binding con-
stantsK _ decreased withincreasing temperatureim-
plied thecomplex of MET-LY SO became less stable
at higher temperature, which further evidenced that the
fluorescence quenching was a static quenching pro-
cess,

Theparticipation of aminoacid residuestudiesin
LYSO-MET system

At 280 nm wavelength, the Trp and Tyr residues
in LYSO are excited, whereas the 295 nm wave-
length excites only Trp residues®®. Based on the
Stern—Volmer equation, comparing the fluorescence
quenching of LY SO excited at 280 nm and 295 nm
allows to estimate the participation of Trp and Tyr
groups in the system!*®l, As seen in Figure 3, in the
presence of MET, the quenching curves of LY SO
excited at 280 nm and 295 nm overlap. This showed
that only Trp residue played animportant rolein the
interaction of MET with LY SO. From TABLE 1, at
the sametemperature, K valuesat excitation wave-
lengths of 280 nm and 295 nm are of the same order
of magnitude and similar, which also suggests that
only Trp residues played an important part in the
LY SO-MET system.

Synchronous fluorescence spectra studies in
LYSO-MET systems

Asit iswell known that, synchronous fluores-
cence spectracan providetheinformation onthemo-
lecular microenvironment, particularly inthevicinity of
thefluorophorefunctiond groups™. When A\ between
theexcitation and emission wavelengthsisstabilized at
either 15 or 60 nm, the synchronoustiuorescence spec-
trum can givethe characteristicsof Tyr residuesor Try
residues®@. It can be seen from Figure 4 that the maxi-



BCAMBL, 1(1) 2015

Baosheng Liuetal.

33

—= Py Paper

10F 4 A 295nm
& m 280nm
o8l ¥,
4
t
0B ]
o
— ]
= b
04 |
H
F
]
02
'y
]
'U.D | | 1 1 1
0 100 200 300 400 500
[METV/[LYSO]

C = 4.0x10"mal/L, C,,_,

LYSO

=2.0x10°~ 1.8x10* mol/L

Figure 3 : Fluorescence emission spectra of LYSO-MET (T =298K)
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mum emiss onwave ength kept thepositionwithincress-
ing concentration of MET when AL was60 and 15nm.
Itimpliesthat theinteraction of MET with LY SO does
not signitcantly affect the polarity around Trp and Tyr
resduesmicroregions. It isposs blethat the binding of
MET to LY SO does not causes apparent change in
conformation of LY SO. In addition, when A\ was 60
nm, the fluorescenceintensitiesof LY SO-MET de-
creased regularly, but the Guorescence intensities in
LY SO-MET showed no obvious decrease when A\
was 15 nm. It indicated that only Try residues played
animportant roleintheLY SO-CPS system, whichwas
coincident with”only Trp residues played an important

partintheLY SO-MET system”.

The corresponding results for AL =60 nm, ac-
cording to equations (2) and (3), are shown in
TABLE 2. From TABLE 2, it can be seen that the
values of K_, decreased with increasing tempera-
turefor LY SO-MET systems, which indicated that the
probabl e quenching mechanism of theinteraction be-
tween LY SO and MET wasadtatic process. Thevalue
of K, were much greater than 2x10%°L-mol*s?, which
al so suggested that the quenching wasnot initiated by
dynamic collison but from theformation of acomplex.
The n value approached unity, indicating that MET
bound with LY SO moderately throughal: 1 binding
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mode. Inaddition, TheK valuesdecreased regularly
with increasing temperature, which a so indicated the
process was static quenching. The quenching mecha
nism obta ned by synchronousfluorescence method was
coincident with that obtai ned by fluorescence method.
Comparing TABLES 1 and 2 showsthat the quenching
parametersobtal ned using thetwo methodsare of the
sameorder of magnitude.

Typeof interaction forcein LY SO-MET systems

Generdly, theinteraction forces between thesmall
drug moleculeand biological macromoleculeinclude
hydrogen bond, Van der Wad ’s force, electrostatic in-
teractions and hydrophobic forceg™. For abinding in-
teraction, the nature of interaction forces between
guencher and biomacromol ecul e can belearned from
the thermodynamic parameters. The thermodynamic
parameters can be cal cul ated on the basis of thefol -
lowing equation® ;

RINK =AS—AH/T (4)
AG=AH -TAS (5)

When temperature varies in a small range, the
AH could be considered as a constant!?y. According
to the binding constants K of MET to LY SO at dif-
ferent temperatures above (TABLE 1 and TABLE
2), the thermodynamic parameters were obtained
conveniently. The calculated results were shown in
TABLE 3. The negative valuesof AG indicated that
the binding processes occurred spontaneously in al
studied cases. Negative AH and positive AS indi-

cate electrostatic interaction plays a major rolein
the binding reaction. Positive AH and AS are gener-
ally considered as the evidence for typical hydro-
phobicinteractions. In addition, Van der Waal’s force
and hydrogen bonding formation in low dielectric
media are characterized by negative values of AH
and AS?. Therefore,the negative value of AH and
positive value of AS showed that electrostatic at-
traction played amainrolein thebinding of MET to
LY SO. The conclusions obtained from the synchro-
nous fluorescence method were consistent with the
fluorescence quenching method.

Energy transfer between LY SO and MET

According to the Forster nonradioactive reso-
nance energy transfer theory!®!, the effective energy
transfer from donor to acceptor will occur when two
mol ecul es meet thefollowing preconditions: (1) the
donor is a fuorophore; (2) the overlap is sufiicient
between the tiuorescence emission spectrum of the
donor and UV/vis absorption spectrum of the ac-
ceptor; and (3) the distance between the donor and
the acceptor should be lessthan 7 nm. The overlap
spectrum of the UV-vis absorption spectrum of quer-
cetin and the fluorescence emission spectraof LY SO
is shown in Figure 5. The energy transfer effect is
not only related to the distance between the donor
and acceptor, but also to the critical energy transfer
distance R, that i

E=1-F/F, =R, /(R +r°) (6)

TABLE 2 : Quenching reactive parameters of MET and LY SO at different temperatures

T/(K) K4 /(L/mol-s) Kg/ (L/mol) rs Ka/(L/mol) n Mg
298 2.07x10" 2.07x10* 0.9954 1.82x10* 1.13 0.9983
310 1.99x10% 1.99x10* 0.9996 1.71x10* 1.05 0.9975
318 1.94x10% 1.94x10* 0.9936 1.43x10* 0.99 0.9920

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}

TABLE 3 : The thermodynamic parameters of MET-LY SO at different temperaturesin two ways

T I(K) K. /(L-mol™) AH /(KJ-mol ™) AS/(J-mol' K™ AG /(KJ-mol ™)
N 298 1.82x10* 51.42 -24.30
310 1.71x10* -8.98 52.06 -25.12
60nm 4
318 1.43%10 51.30 -25.29
N 298 1.77x10* 48.03 -24.23
o 310 1.70x10* -9.92 48.98 -25.10
280nm 4
318 1.35%10 48.87 -25.14
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Figure 5 : Overlap of the fluorescence emission spectrum of LY SO(Lex=280) (1)and AA=60 nm(2) with the absor p-
tion spectrum of MET(3) (T =298K); C, ., = C o, =8.0x10" mol/L

TABLE 4 : Parametersof E,J, r, R between MET and LY SO at different temperature

M ethod TIK)  E/(%) J/(cm*L-mol ™) Ro/(nm)  r/(nm)
298 3.98 6.57x10™"° 2.38 4.07
Fluorescence quenching spectroscopy 310 3.28 6.46x10™"° 2.37 4.19
318 2.66 6.23x10™% 2.35 432
298 412 6.01x10™"° 2.34 3.96
Synchronous fluorescence spectroscopy 310 3.50 5.95x10™"° 2.34 4,09
318 2.78 5.85x10™% 2.33 4.24

where E denotesthe efficiency of transfer betweenthe
donor and the acceptor, r isthe average distances be-
tween acceptor and donor and R isthe critical dis-
tancewhen thetransfer efficiency is50%. Theva ueof
R, isca culated using thefollowing equation:

R, =8.78x107K *DN™J 7
where K?is the spatial orientation factor of the di-
pole, N istherefractive index of medium, @ isthe
fluorescence quantum yield of donor and J is the
spectral overlap integral between the Guorescence
emiss on spectrum of thedonor and the absorption spec-
trum of theacceptor,whichisgivenby:
J=YF(A)e(MX'ALI S F(A)AA (8)
where F()) is the fluorescence intensity of the do-
nor when the wavelength is A and g()) is the molar
absorption coefficient of the acceptor at samewave-
length. Under these experimental conditions, it has
beenreported for LY SO that K?=2/3, N = 1.336, and
® =0.15%. Thus, J, E, R, and r were cal cul ated as
shownin TABLE 4. Thedistancer of donor to accep-

tor werelessthan 7nm, indicated the non-radiative en-
ergy transfer coming into being between LY SO and
MET™8, Furthermore, with theincrease of concentra-
tion of MET, thevalues of rincreased. Theseresults
indi cated again a static quenching betweenthe MET
and LY SO because of theformation of LY SO-MET
complexes?. Inaddition, thecondusionsobtained using
thetwo methodswere basically cons stent.

CONCLUSIONS

Theinteraction of MET with LY SO hasbeenin-
vestigated by using fluorescence quenching and syn-
chronousfluorescence spectroscopy under s mulated
physiologica conditions in this work, which used
the same equation for processing thedata. The bind-
ing constants K _ obtained from above method were
of the same order of magnitude and very similar. The
quenching mechanism, number of binding Sites, type of
interaction forcewere consi stent, whichindicated syn-
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chronousfluorescence spectrometry studied thebind-
ing mechanism between drug and protein wasreason-
able. Inaddition, synchronousfluorescence spectrom-
etry hassome advantages such asgood sl ectivity, high
sengitivity and lessinterference, which makesit more
useful than fluorescence quenching method in studying
the reaction mechanism between drugs and proteins.
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