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ABSTRACT

In thiy research, the interactivn of hexadecyl trimethy] ammoenium bromide (HTAB) with enzyme urease
has been investigated comprehensively at different experimental conditions such as jonic strength, protein
concentration using inn selective membrane electrode of surfactants. The obtained binding isotherms from
potenbometnc studics have been analyzed by different theories such as Wyman binding potental,
Scatchard diagram, binding capacity concept and Hitl equarion. The results indicate the apgreimtion of
ureasc at voncentrations more than 1 mg‘ml of protein. Increasing the ionie stremgth to 1 mM, causes to
decrease the interaction with urcase but increasing the ionic strength to more than 1 mM again causcs to
increase the interaction. This 1ssue can be due to stability of ureasc at ionic strenpth of 1 mM, Increasing
the concemtration of urcase to 3 mM causes o gradual and regular decreasing of 1nteraction and at higher
coneeniTatinns, the intense ingrease m interact1on is resulted, Increasing pH from 6.5 to 9.7 does not create
grent changes at binding isothorms that is due to slight change of dissociation degree of acidic and hasic
groups and third structure of urcase at this limut. In all srdicd cases n comparison with simular case, it
shows stronger interuction with urease. This issue 15 Justifiablc acconding 1o longer hydrocarhoa tail that
increases its hydrophohie property that indientes the special role of hydrophobic interactions in interactions
proecss of ionic surfactants with proteins.
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INTRODUCTION

Using the method of coastructing the ion selestive
glectrode  which IS scnsitive to  surfactant. the
concentratiun of surfactant 1 iateruction with urcase
enryme can be determined. This method helps us o
obtain acccplabile resuits in order to compute and
analyzing the thermodynamic data, In this research,
stability snd thermodynamic properties of urease
enzyme has been investigated. In this order at first we
prepared the membrane ion selective electrode of
surfactant, so an eiectrochemicai cell was designed for
attaminy the potentiomeirie data of surfactant binding
o urease. Potentiometry reply is used to attain the
bindiag isothe rms for binding of surfactant to urease
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Using ecaleulated amounts of Gibh's free
energy Change of binding (AG, ), we will he

ahle o diseuss about thermodynamie of binding.
Investigatwon  the effect of cnvironmental
conditions such as pH, ionic strength. enzyme
concentration and presence of urea as a chemical
denaturant on hinding pmeess are imiportant
purposes of this rescarch. Finally usiog hinding
data and calculating the Wyman binding
poteitial (), hinding capacity (8) and the shape
of Scatchard plots, we analyzc the wureasc
structare 11 order to determing the number of
binding site sets. affinity of each siic and the
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numher of bound piaees in each bmnding set at
any specified expenimental cooditions. The efleet
of HTAB on the urease enzyme is investigated
using potentiometry techmigue and the results
were analyzed on basis of binding mechanism
and Scatchard viewpaoints of urease.

EXPERIMENTAL

Materials

Urease enzyme from Jack beam with EC code of
{(EC, 3. 5. 1, 5), triphosphate, carhoxylate
polyvinyl chlonde (PVC) with high molecular
mass, bexadecyl trimethyl ammonium bromide

(HTAB), THF, acetone, mitrie  aeid,
hydrochloridric  acid,  sodium  bromide,
pemaoxide dephosphorus, ethanol, sodium

hydroxide and urca were obtained from Merck.
Deoetyle phetalate (DDP) was obtained from
Aldrich. Silver wire and reference eleetrode of
sodium was ohtained from Metrohin Company.

Equipments

All potentiomelry and pH-metry determinations
were cammied ont oo (OMetrohm-744 pH-meter
and polentiometer.  Becanse  of  electrode
sensitivity to emperature, all experimeots were
done under the tempemalure ecotrolling of
apparatus, The HT-202 Heater-stirmer was uscd
to homogenize the sohtions,

METHODS

Preparing the membrane and ton scleetive
electrode of surfactant

In order to obtain a swlshle memhrane for
making selective cloctrodes that act reversible for
cationic surfaclant ions of HTAB, we used
carhoxylate PYC with high molecular mass
which would be activated by surfactant cations,
PVC (0.5g) was dissolved in THF (20mL). This
splution was added dropwise to the 30ml of
surfactant solotion (3 mM) and was strred
ealmly to attain a fibrous precipitatc that was
filtered and washed by douhle distilcd water,
then was pul on 8 waich glass and  transferred
ite a  desiccater  cootaioing :Ds, (o he
desiccatcd  ecompletely  {complete  desiceation
took 24 hours). In order 1o prepare plasticizer
salutian, 0.18 ¢ (DOP} was dissalved in 34 mL

THF solvent. 0.12 g of desiceated memhrane was
added to DOP solution. It took 4-6 hours to
obtain & limpid and homogenized gel in effect of
vaporizing the THF. '

In next stage, glass tubes should he prepared,
s0 we used glass tubes with diameter of 5 mm
and length of 10 cm. We used emery in order to
obtain a complete smoothness on the surface of
plass tubes, and theo they were washed and dried
for binding the membrane to them. For
preventing the air cument ioterference and
smoothing the hasic layer thickness of
membrane, we closed the tube mouth hy
forefinger, and then put it mto the membrane gel.
After ermitting. Tt was put vertically to expose to
the ait for at least 12 hours,

Coating the surface of sitver wirc

The surface of silver wire should be coated by
orecipitate of silver bromide. We used a saturated
solution of sodium bromide and a dilute selution
of mitrie acid. At first stage, the surface of silver
wirc was eleaned hy emery and was washed with
water and ethanol, and then 34 cm of wirc was
entered mto Lhe nitrie acid solution. Surface of
silver wire was oxidized io a shont ume lcss than |
minutc, 50 a thin layer pf Ay 10ns were formed
on the wire surfacc that eomposed with bromide
icns after tansferrng to the saturated selution of
sodium hromide and preciputated again oo the
surface of the silver wire. I

Conditinning sclution

This solution is {mM related to the surfactant
and 0.1mM related to the NaBr. The prepared
glass electrode n provious stage was put in
solution from both inner aod outer part. It took
24 hours to prepare the membrane surface of
clectrode, After these stages, with emntering a
coated silver wire into the standard solution
inside the tube we can use the surfactant
electrode for basic detenminalions. !
Dgtermination method !5!
AM poteniiometnie cxperiments were carmied out
using & 10 mL beaker as detcrmination cell.
Initial tests were done on electrode. A 5 ml
huffer solution of NaBr (107°M) was placed 1
the eell and ion selective electrode of surfaetam
was put on thce sclution next o a referecce
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clectrode of sodwmn. The connective wires of
electtode were connected to the potentiometer.
Using micropipette, equal volumes of 10 « L of
surfactant were added to tost cells and emf was
recorded. Finally, the amounts of obtained emf
were plotied versus log [s]r Linearity of curves
with Nernst slope indicates the corectness of the
clectrode reply. After confiding in correct reply,
we did the experiment in presence of a given
concentration  of wrease, The method of
expefiment is similar to the previous stage but the
experiment was carricd out in presence of NaBr
{‘lﬂ'SM} and also other conditions such as ionic
strength or pH were diffcrent from previous stape.

Investigating the effect of urease
concentration on the surfactant hinding
We chose concentrations of 0.5, 1.1, 3.2 and 4.1
mgfmL of urcasc, pH = 6.5, NaBr (0.1 mM).

Investignting the effect of pH on the
interaction of surfactant with urease

From previous section, we concluded that
concentration of Img/'ml  is  the best
concentration for quantitative experiments, In
this scction, experimenis were carried oul at
pH=6.5 and 9.5. In order to adjust the pH, we
used toncentrated solution of NaOH and HCI
with contentration of (0.5M).

Investigating the effect nf ionic strength
on the hinding of surfactant to urease

In this section, the solutions with constant
concentrations of urease erryme and at diftferend
wnic strength were prepared. In this regard the
concentrations of 107and 107 M of NaBr was
chosed. All experirnents were carricd out at
pH = 6.5.
Investigating the effect of chemical
denaturant

Urca 1» one of the important denaturanmis of
proteins. Urea and hydrochloride guanidine
cause 10 unftdding the protcin through bydrogen
bond. which 15 stronger than water-protein
hinding In other hand urea solntion is not s:ahic
S0 decompnses (o0 ammoninm and cyanate 1oms.
Urca solntion should he freshiy prepared and
used due to interaction between cyanate ions and
Urcase cnzyme.

RESULTS AND DISCUSSION

Desymed electrochemical cell for determining
the surfactant cnncentraiion, contains a reference
sodium electrode and an fon sclechive electrode
scnsitive to surfactant. A special volume of
buffer solution consisis of NaBr (10*M) and
protem (Img/mL} is used. After mning the
potentiometer on, absolule volumes of surfactant
were added graduvally and potential difference
was tecorded. The obtained information will be
investigated using Excel software, The plot of
et versus fogarithm of surfactant concentration
shows that in starting point, that binding process
has not been occurred, potentiometer reply is
nearly independent of protein prescnee. Relation
of potential to surfactant concentration 18
expressed by equation stated as below:

Emf =E® + m log[s]; (1}

where Emf is, obtamed potential from
potentiometer, E® 1s intercept of plot in initial
part and m 1s slope. which is attained between 57
o 6imv. Contcnptralion of free swfactant is
calculated using equation mentoned above, We
can determine the number of bound surfactant
moles (0 enzyme frorn difference of total and
fice surfactant concentration. Then we can attain
the proportion of average bound surfactant moles
to total existent enzyme moles (v}, and calculate
the binding potential, appcarance hinding
comstant and molar Gibb's free cnergy change
from hinding isotherms plot,

Calihration plot of potentiometer reply

The plot of emf variatiun versus log [s]; at
various pH shows three distinct regions that are
shown in Fig.1. initial parl of plot is a straight
line with Nemstian slope, eorresponds to very
low contentration range of surfactant that the
binding has not been started This part is used as
standard reply and obtained equation will be
basic reply of electrode for next parts. The
middie part 1s the start point of binding process
and forming the surfactant — protein complex.
The ¢nd part is the sipn of approaching to the
critical micelie concentration {CMC) region, su
with increasing the monomer concentration in
solution and aggregation incidence, reduction of
concenuation in solution or reduction of
potential difference will be ohscrved actualiy.
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"Fig. 1. Vanations of emf versus log [HTAB] at
pH=6.5 (w) and 9.5 ( &), [urease] =l mg/ml, t=25°C,
[NaBr]=0.1 mM.

Analysis and Interpretation of binding
isotherms

Fig. 2 shows the binding isotherrns for interaction
of HTAB with urease enzyme at different
concemrations of protein. It scoms that these
curves in the limit of measurement wnceriainty
conform on each other io concentrations of 1 and
2 mg/mb. and at higher concentration, curves
show relatively high difference and in 2 special
concentration of HTAB, u tends to fewer
amounts This manner 12 due to aggregation
phenomenon at higher concentration. In fact
enzyme aggrcgation incrcascs upon increasing
the concentration.

Plot shows that with increasing of urease
enzyme aggregation, hinding of surfactant to
Urease {u.y) decreases, so we can claim that at
higher conceniration of urease. resistance of
urease w0 HTAB increases duc to ureasc
aggregation.  Based on these  resuhs,
concentration of Umg/ml. of urease is the most
suitable concentration; because it 15 the highest
caocentration that aggregation phenomenon has
net been occurred and has the most precision,

Fig. 3 shows binding isothcrms for interaction
of HTAB with ureasc at diffcrent pH. Negative
charge density on urcasc cnzyme HNCTEAsEs uporn
increasing the pH, so0 intcraction of the cationic
surfactant with urcasc increascs, Shifting of
hinding isotherms io fower concentrations at
higher pH indicates that clectrostatic effects
increase upon inereasing the pH, These results
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confirm the ohtained results from previous
investigations about urcase structure. |

Fig. 4 shows the cffect of ionic sirerigth on

interaction of HTAB and urcasc. At first with
increasing the ionic strength from 107 to 10°M,
the hinding isotherm plots stuft o higher
concentration of surfactant. It means that with
increasmg the inpic strength,| the role of
electrostatic  forces decrease so  inferactinn
decreased and with increasing the onic strength
from 107 tn 107" M, the role of hydrophobic
forces overenme to electrhstatic forces and
interaction increascd. I
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Fig, 2. The hinding isotherm for intefaction of HTAB
with urease at pH=6.5. t=25°C, [NaBr] =0.1mMd.
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Fiyr. 3. The binding 1sotherms for wnteraction of
HTAB with urease at pH = 6.5(m) and 9.5( &), t=25"C
and [NaBr] =0 1 mM.
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Fip, 4. The nnding isotherms for interaction of
HTAB wilh urcase at varous concentration of NaBr,
(.1 mM{m}, 0.01 mM( &, pH=5 5 and =25°C.
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Fig.5. The binding 1sotherms for interaction nff
HTAR with urease at various concentration of urease,
1M (&), 3M (m), pH=6.5, =25"C and
[MNaBr]=. 1mhf.

Fig.5 shows thal binding isnthcrms are placed
1t higher states in absence nf urca cnmpare to
hinding isnthcrms with ores concentration of
IM. In these staics, concentration nf urea is not
enough for denatudng of ureasc, sn cause tn
decrease hydrophohic interactions and decreascs
the hinding of HT AB 10 urcase. Slight diffcrence
and shiftiog are due 1o the hydrophobic tails
difference nf HTAB, so intcractions nf HTAR
are mnre predominant  becausc of  lonper
hydrophobic tail of HTAB. So curves appcar at
fower Concentrations.

Overlappaing  of  binding  1sotherms  at
cincentrations highct than 5M indicates the
denuturation of wrcasc enzvme in this range of
urea cancentration. Binding 1sotherms have been

shifted towards the fewer concentrations because
of unfolding nf urease enzyme and destruction of
its cfmpact structure and increasing the
chnmection suriace and probability of connccting
nf surfactant (0 binding sitcs of ureasc cnxyme.

The variations of Gibbs free energy

AG, vanations abtiut HT AR a1 pH=6.5 and 9.5 in
the beginning 1f binding is more and decrcases
gradually. This issuc can be duc to the
prediminant role of electrostatic interactions at
ihe beginning and hydropbnbic interactinns at the
erd of the binding process nf HTAB. On the
nther band, decreasing of AG, at pH=9.5 with
respect to pH=6.5 can be due M the mnre
effectiveness of satistical effects mle at AG,
valucs that is a macroscopie  quantity.
Investigating the Fig. 6 indicates that jonizaiion
difference in ionized acidic and basic groups in
urcase enzyme in those two pH s lnw becausc
the binding amnunt in two cases are similar. Fig
6 shows AG, variadons versus Ing [HTAB] at
varifius innic strengths. At first with incrcasing
the jonic strength from 107 11 107 M, interaction
is decreased but with mnre increasing of ionic
strength, the hydrophohic forces show mnre
predominant rle in interaction. According to
related binding isntherms, at first with increasing
the ionic strength from 107 tn 107°M. the curve
shift to right hand that indicatcs the decrease of
interaction and then with increasing the iomic
strength to 107 and 107 M, the curve shift to 1cft
hand that indicates increasing nf binding affinity.
At the end wc can claim that urcase has thg most
stability at {onic strength of 107™ M.
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Fig, 6. The variation of AG, versus log ((HTABYMY
at varioys ionic strengths, 00 mM (&), 0.01 md (m)
at pHw6.5 and 1=25C.
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