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ABSTRACT

Under simulative physiological conditions, the interaction between
lysozyme (LY SO) and cefonicid sodium (CID) was investigated using
fluorescence quenching and synchronous fluorescence spectroscopy at
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different temperatures (298, 310 and 318 K). Theresultsindicated that CID spectroscopy;

could quench the intrinsic fluorescence of LY SO strongly,and the Synchronous fluorescence
quenching mechanism was a static quenching process. The order of spectroscopy;
magnitude of binding constants (K ) was 10%, the number of binding site Interaction;

(n) inthe binary system was approximately equato 1. The negative enthal py Quench.

changes and positive entropy changes implied that electrostatic
interaction might play a main role in the interaction between CID and
LY SO. Thevaluesof Hill’s coefficients were more than 1yit indicated that
drugs or proteins had a very weakly positive cooperativity in the system.
Studies on the interaction between LY SO and drug will facilitate
interpretation of the drug’s metabolism and transporting process in the

blood. © 2016 Trade Sciencelnc. - INDIA

INTRODUCTION

Lysozyme (LY SO) is a small monomeric low
molecular weight of about 14.6 kDaand consisting of
129 amino acid residueswith four disuliide bonds!¥. It
hassix tryptophan (Trp) and threetyrosine(Tyr) resdues
Thesx Trpresiduesarelocated at the substrate binding
sites, out of which two arein the hydrophobic matrix
box, whiletheloneTrp residueis separated from the
others. Amongthesix Trp resdues, Trp62 and Trp108
areconsidered to be the most dominant tiuorophores
in LY SO, LY SO is used to carry drugs, such as,
antibioticsto treat inflammeation, abscess, sométitisand

rheum(®,

Cefonicid sodium® (CID) (thestructure shownin
Figure 1) is a second-generation cephal osporins.
cefonicid sodium iseffective against awide range of
gram-positiveand gram-negativebacteria anditisuseful
for anaerobic infections, gonorrheaand diabetic foot
infections. At present, the molecular interactions
between protein and many ligands have been
investigated successfully in biochemistry domain.
However, theinteraction between CID and LY SO has
not beeninvestigated. Inthisreport, wetook LY SO as
therepresentative protein and provided investigations
on the interaction of CID with LY SO by using
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fluorescence quenching and synchronousfluorescence
spectroscopy under smulative physiologica conditions.
Thisstudy can provide auseful clinical referencefor
future combination therapy.
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F|gure1. Chemical structureof cefonicid sodium

EXPERIMENTAL

Apparatus

All fuorescence spectra were recorded with a
Shimadzu RF-5301PC spectrotuorophotometer. All pH
measurements were carried out with a pHS-3C
precision acidity meter (Leici, Shanghai, Chind). All
temperatureswere controlled by aCS501 superheated
water bath (Nantong Science Instrument Factory).

Materials

Cefonicid sodium (CAS#,61270-78-8) was
obtained from Monitor of ChineseVeterinary Medicine
(thepurity gradeinferior 99%). Lysozyme (LY SO) was
purchased from Sigma Co (the purity gradeinferior
99%). Stock solutionsof LY SO (2.0x10°mol-L 1) and
CID (1.0x10® mol-L*) were prepared. All the stock
solutionswerefurther diluted asworking sol utionsprior
touse. Tris-HCl buffer solution containing NaCl (0.15
mol-L 1) wasused to keep the pH of thesolution at 7.4.
NaCl solutionwasused to maintain theionic strength
of thesolution. All other reagentswere of analytical
grade, and all agueous solutions were prepared with
newly double-distilled water and stored at 277K.

Inorder toeiminaetheinner Fiter effectsof protein
and ligand, absorbance measurementswere performed
at excitation and emission wavelengths of the
fluorescence measurements. Thefluorescenceintensity
was corrected using thefollowing equation®!:

Feor = Fobs X x glfectAan)/2 ()

where F_and F_ _ are the corrected and observed

cor

fluor@cencelntenstles respectively.A_ andA_ are
BIOCHEMISTRY  (mm—

theabsorbancevauesof CID at excitation and emission
wavel engths, respectively. Thefluorescenceintensity
used in thisarticlewas corrected.

Procedures

Fluor escence measur ements

Inatypical fluorescence measurement, 1.0mL of
pH =7.40TrissHCl, 0.2mL LY SO solution (2.0x10°
mol.L 1) and different concentrationsof CID wereadded
into 10 mL colorimetric tubesuccessvely. Thesamples
were diluted to scaled volume with water, mixed
thoroughly by shaking, and kept static at different
temperatures (298, 310and 318 K). The excitation
wavelength for LY SO was 280nm (or295nm) with the
excitation and emission dlit widths set at 5nm. The
solution was subsequently scanned on the
fluorophotometer and determined the fluorescent
intengity at 341nm.

Synchronousfluor escence measur ements

Solution preparation was as detailed above; we
recorded the fluorescence spectraof theLY SO-CID
system when the A\ value between the excitation and
emissionwavelengthswas stabilized at 15 and 60 nm,

respectively.
RESULT AND DISCUSSION

Fluorescence quenching spectra of LY SO-CID
system

Proteins are considered to have intrinsic
fluorescence dueto the presence of aminoacids, 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 SOinthepresence
of different concentrationsof CID. It canbe seenfrom
Figure 2 that the fluorescence intensity of LY SO
decreased regularly withtheaddition of CID (smilar to
295 nm), thisresult implied that CID could quenchthe
intrinsic fluorescence of LY SO strongly,and the
quenching of LY SO fluorescence by CID wasdueto
the formation of the LY SO-CID ground-state
complext?,

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

RINK =AS—-AH /T 2
WhereF, and F arethefluorescenceintensitiesin the
absenceand presenceof quencher, respectively.t isthe
averagelifetime of fluorescencewithout quencher and
is10®s. K isthe Stern—Volmer quenching constant.
K, isthe quenching rate constant of biomolecule, and
[L] isthe concentration of the quencher. Based onthe
linear fit plot of F /F versus[L], the K, valuescan be
obtained. Theca culated resultswereshownin TABLE
1. Theguenching mechanism® isgenerdly classified as
elither dynamicor static. Dynamic and static quenching
can bedistinguished by their different dependenceon
temperature. Quenching rate constants decrease with
increasing temperaturefor the static quenching, but the
reverse effect isobserved for dynamic quenching. As
showninTABLE 1, Theresultsreved ed that thevalues
of K, and K, decreased with increasing temperature,
andthe K, weremuch greater than themaximum scatter
collision quenching constant of various quenchers
(2x10%° L-mol-ts?). Those all suggested that the
guenching mechanism was dueto static quenchingin
each case. In other words, the quenching of theLY SO
fluorescence by CID was due to specific complex
formation™.

For static quenching process, the relationship
between thefluorescenceintendty and the concentration
of quencher could beusudly described by equation (3)
to obtain the binding constant (K ) and the number of
binging sites(n) in most of papert*Y:

Iog(FOF_ F) =nlogK ,+n Iog{[Dt]— n FOF; F [Bt]} A
where[Dt] and[Bt] arethetota concentrationsof MET
and LY SO, respectively. Ontheassumptionthat nin

—=== Regular Paper

the bracket is equal to 1, the curve of log (F,-F)/F
versus log{[D]-[B](F, -F)/F}is drawn and fitted
linearly, then the va ue of n can be obtained from the
dopeof theplot. If thenvalue obtainedisnot equal to
1, thenitissubstituted into the bracket and the curve of
log (F,-F)/Fversuslog{[D ]-[B ] (F,-F)/F } isdrawn
again. Theabove processisrepeated againand again
till nobtainedisonly asinglevaueor acirculating vaue.
Based on the nobtained, the binding constant K_can
be also obtained. In thework, acal culation program
was devel oped. The cd culation process can befinished
with cal culator based on the simple program, and the
cal culating results can be obtained by inputting F, [D ]
and[B]. Thecalculated resultswereshownin TABLE
1. As seen in TABLE 1, the values of n were
approximately equal to 1 at different temperatures,
indicating thereisonebinding sitein LY SO for CID.

Fluorescence intensity{a.u.)

Wavelength{nm)
Figure 2 : Fluorescence emission spectra of LY SO-
CID(T=298K ,A_=280); C ,,=4.0x10"molL*, 1~10: C_ =
(0,0.4,1.0,2.0,3.04.0,6.0, 8.0, 10, 16) x10°mol-L*

TABLE 1: Quenchingreactive parametersof CID and LY SO at different temperatures

Ae(NM) TI(K) Ko/(L-mol™s™) K o/(L-mol ™) r KJ/((L-mol™®) n ry
298 2.83x10" 2.83x10* 0.9929 5.01x10* 121 0.9938
280 310 2.34x10" 2.34x10* 0.9941 4.12x10* 113 0.9957
318 2.02x10" 2.02x10* 0.9965 3.58x10* 1.05  0.9932
298 2.79x10" 2.79x10* 0.9939 4.98x10* 118  0.9989
295 310 2.32x10" 2.32x10* 0.9921 4.09x10* 111 0.9923
318 1.99x10% 1.99x10* 0.9978 3.57x10* 1.05  0.9934

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

e, BIOCHEMISTRY
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Meanwhile, binding constants Kawere reduced with
the rising temperature,further suggested that the
guenching wasastatic process*2.

Theparticipation of amino acid resduestudiesin
LY SO-CID system

At 280 nmwavelength, the Trp and Tyr residuesin
LY SO are excited, whereas the 295 nm wavel ength
excites only Trp residues®d. Based on the Stern—
Vol mer equition, comparing thefluorescence quenching
of LY SO excited at 280 nm and 295 nm allows to
estimatethe participation of Trp and Tyr groupsinthe
system®, Asseenin Figure 3, inthe presence of CID,
the quenching curvesof LY SO excited at 280 nm and
295 nm overlap. This showed that only Trp residue
played animportant roleintheinteraction of CID with
LY SO. FromTABLE 1, at the same temperature, K
vauesat excitation wavelengthsof 280 nmand 295 nm
areof thesame order of magnitudeand similar, which
a s0 suggeststhat only Trp residues played animportant
partintheLY SO-CID system.

Synchronous fluorescence spectra studies in
LY SO-CID systems

Synchronous fluorescence spectra are used to
investigate the protein conformationa change,asit has
been shownto givenarrow and s mplespectrd™. When
A\ between the excitation and emission waveengthsis
stabilized at either 15 or 60 nm, the synchronous
Fuorescence spectrum can give the characteri stics of
Tyr residues or Trp residues®. It can be seen from
Figure 4 that when AA was 60 nm, the Synchronous
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Figure4: Fluorescencespectrum of LY SO-CID system(T =298 K) (A)AA=60nmy(B)Ar=15nm C

fluorescence intensities of LY SO-CID decreased
regularly with obvioudy red shifted, indicating that Trp
residues played an important rolein theinteraction of
LY SO with CID, but, when AA was 15 nm, the
tuorescence intensities in LYSO-CID showed no
obvious decrease and the emission maximum didn’t
significant shift. It indicated that the conformation of
LY SO waschanged,thepolarity around the Trp residues
wasincreased and the hydrophobicity was decreased.
This may be due to the changes of residue
microenvironment with theinteracion of CID.

Typeof interaction forcein LY SO-CID systems

Generdly, theinteraction forcesbetween thesmal
drug moleculeand biological macromoleculeinclude
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Figure3: Fluorescence emission spectraof LY SO-CID (T
=298K);C o, = 4.0x10" molL?, C_ ,=4.0x10°~ 1.6x10*
mol-L*
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TABLE 2: Thethermodynamic parameter sof LY SO-CID system at different temper aturesin two ways

T I(K) K. /(L-mol™) AH /(KJ-mol ™) AS/(J-mol - K™) AG /(KJ-mol™)
298 5.01x10* 45.77 -26.81
Le=280NM 310 4.12x10* -13.17 45.86 -27.39
318 3.58x10* 45.76 -27.72

hydrogen bond, Van der Waal’s force, electrostatic
interactions and hydrophobic forceg. For abinding
interaction, the nature of interaction forces between
quencher and biomacromol ecule can belearned from
the thermodynamic parameters. Negative AH and
positiveAS indicate electrostatic interaction plays a
maor roleinthebinding reaction. PositiveAH and AS
are generally considered as the evidence for typical
hydrophobic interactions. In addition, Van der Waal’s
forceand hydrogen bondingformationinlow dielectric
mediaare characterized by negativevauesof AH and
AS8, The thermodynamic parameters can be
cd culated onthe basis of thefollowing equation*9:

RINK =AS—AH /T @

AG = AH -TAS ©)
Whentemperaturevariesinasmal range, theAH could
be considered asaconstant’??. Accordingto thebinding
constantsK _ of CID to LY SO at different temperatures
above (TABLE 1), the thermodynamic parameters
wereobta ned conveniently. Theca culated resultswere
showninTABLE 3. Thenegdtiveva uesof AG indicated
that the binding processes occurred spontaneously in
al studied cases. Thenegativevaueof AH and positive
vaueof AS showed that el ectrostatic attraction played
amainroleinthebinding of CID toLY SO.

Hill’s coefficient of LYSO-CID system

In biochemigtry, thebinding of aligand moleculeat
onesiteof amacromol eculeofteninfluencestheaffinity
for other ligand molecules at additional sites. Thisis
known as cooperative binding. It is classified into

TABLE 3: Hill coefficient of LY SO-CID system at different
temper atures

TIK Ae=280 nm ey =295 NM

Ny rs Ny rs
298 1.058 0.9956 1.048 0.9929
310 1.035 0.9963 1.032 0.9936
318 1.021 0.9927 1.015 0.9912

r,isthe linear relative coefficient of Ig[Y/(1-Y)]~Ig[L]

positive cooperativity, negative cooperativity and non-
cooperativity according to the promotion or inhibition
tothedfinity for other ligend molecules. Hill’s coefficient
providesaway to quantify thiseffect and isca culated
graphically onthebasis of thefollowing equation?¥:

Y
lg——=IgK lg[L
97—y =l9K +nylgL] ©)

WhereY isthefractional 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 _Q
1-Y Q,-Q )
Where Q=(F-F)/F;1/Q_=intercept of the plot /Q
vearsus/[L]. Hill’s coefficients were presented in TABLE
4.Asseenin TABLE 4, thevauesof n, weredlightly
morethan 1inthe systemsat different temperatures,
which indicated positive cooperativeness in the
interaction of CID with LY SO, but they wereweak. In
addition, thevauesof n,wereinversdly correlated with
increasingtemperature, itisillustrated that the ability of
drug bounding to LY SO was decreased with the
previousligand (CID) boundingto LY SO gradually. It
was also one of the reasonswhich led to the reduced
K withincreasing temperature®.

CONCLUSIONS

The interaction of CID with LY SO has been
investigated by using fluorescence quenching and
synchronousfluorescence pectroscopy under smulated
physiological conditionsinthiswork. It wasfound that
thequenching of LY SO fluorescenceby CID takesplace
with the complex formation between the protein and
CID with 1:1 binding ratio. Electrostatic interaction
played important rolein the conformational changes

e, BIOCHEMISTRY
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during thebinding process. Thisstudy isexpected to
provideimportant insight into theinteractions of the
important LY SO with drugs, and it will besignificant
for pharmacy,pharmacol ogy and biochemistry.
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