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Introduction

Sensing activity of cholinesterases through a
luminescence response of the hexarhenium cluster
complex [{RegSgHOH)el*

Julia G. Elistratova,® Asiya R. Mustafina,*® Konstantin A. Brylev,® Konstantin A. Petrov,?
Michael A. Shestopalov,” Yuri V. Mironov,? Vasily M. Babaev,? lldar K. Rizvanov,?
Patrick Masson® and Oleg G. Sinyashin®

The present work describes a new method to sense cholinesterase-catalyzed hydrolysis of acetylcholine
(ACh) through a luminescence response of the hexarhenium cluster complex [{RegSgHOH)gl*~. A proton
released from acetylcholinesterase (AChE)- or butyrylcholinesterase (BuChE)-catalyzed hydrolysis of ACh
results in time-resolved sensitization of cluster-centered luminescence. The sensitization results from
protonation of apical hydroxo-groups of the cluster complex. The protonation is affected by a counter
ion effect. Thus, optimal conditions for adequate sensing of acetic acid produced by ACh hydrolysis are
highlighted. Time-resolved luminescence and pH measurements under conditions of AChE-catalyzed
hydrolysis of ACh show a good correlation between the cluster-centered luminescence and pH-induced
inhibition of AChE. The inhibition is not significant within the first two minutes of ACh hydrolysis. Thus,
the luminescence response measured within two minutes is dependent on both substrate and enzyme
concentrations, which fits with AChE and BuChE kinetics. The usability of cluster-centered luminescence
for monitoring the concentration-dependent inhibition of AChE with irreversible inhibitors is demon-
strated, using a carbamylating agent, pyridostigmine bromide, as a model.

exchange of six apical ligands (L) are prerequisites for
both low hazard and high tunability of cluster-centered
luminescence.” ****2° Although the above-mentioned features

Luminophores exhibiting metal-centered luminescence have
gained increasing attention due to their unique photophysical
properties, which minimize interference with biological back-
ground emissions. This makes such luminophores promising
tools for biosensing.’™ In particular, luminescent hexanuclear
cluster complexes of molybdenum and rhenium with the
general formula [{Mg(ps-X)s}Le]” (M = Mo and X = Cl, Br or [;
M = Re and X = S or Se; L = apical organic or inorganic
ligands) have gained great attention in the past decade due to
their applicability as luminescent markers and X-ray contrast
agents.”"® However, their analytical applicability is not well
enough documented in the literature.>'* It is worth noting
that the thermodynamic stability and/or kinetic inertness
of the cluster core {Mg(ps-X)s} along with the easy ligand
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of hexanuclear cluster complexes have a great impact on bio-
sensing, no biosensing techniques based on cluster-centered
luminescence have been reported so far. Sensing the activity of
acetylcholinesterase (AChE) is of particular importance due to
its crucial role in living systems in terminating the action of
the neurotransmitter acetylcholine (ACh).>'** Moreover, in-
hibition of AChE by various chemicals is widely applied in the
detection and monitoring of carbamates and organophos-
phorus pesticides and chemical warfare nerve agents>>>" and
in the development of cholinesterase inhibitors for palliative
treatment of Alzheimer’s disease and myasthenia gravis.*®*>
Numerous techniques have been reported for determination of
cholinesterase (ChE) activity and its inhibition. Colorimetric,
spectrophotometric,  fluorometric, radiometric, electro-
chemical and potentiometric techniques have been applied to
measure the acetic acid or choline produced by enzymatic
hydrolysis of acetylcholine.”*>* Taking into account pH-
induced inhibition of AChE,**** measurements in buffer solu-
tions are more widely applied in sensing enzymatic activity
than determination of the released acetic acid in pH-variant
media. The popular Ellman method measures AChE activity

This journal is © The Royal Society of Chemistry 2016


www.rsc.org/analyst
http://crossmark.crossref.org/dialog/?doi=10.1039/c6an00581k&domain=pdf&date_stamp=2016-06-13
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/c6an00581k
https://pubs.rsc.org/en/journals/journal/AN
https://pubs.rsc.org/en/journals/journal/AN?issueid=AN141013

Open Access Article. Published on 31 March 2016. Downloaded on 1/21/2026 4:23:29 AM.

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

(cc)

Analyst

under pH invariant buffer conditions.>* Its wide use arises
from its simplicity, accuracy and low cost. Moreover, it is easily
adaptable for automated analyzers or plate readers for rapid
processing of large numbers of samples.”***> However, inter-
ference of the chromogene 5-thio-2-nitrobenzoic acid absorp-
tion with the Soret band of hemoglobin restricts applicability
of the method to whole blood samples.*® In addition, the sub-
strate analogue used in Ellman’s method, acetyl/butyrylthio-
choline, interferes with certain chemicals, in particular
oximes, the ChE reactivators used in the treatment of organo-
phosphate poisoning. The use of indoxylacetate instead of
acetylthiocholine is an alternative procedure for sensing inhi-
bition of AChE activity.?” However, indoxylacetate is also hydro-
lyzed by lipases and carboxylesterases. Recently published
articles devoted to fluorescent detection of AChE activity®®™*>
are based on the use of thio-esters instead of ACh. Thus, devel-
opment of new techniques to sense cholinesterase activity
through monitoring ACh hydrolysis is still of great interest.

Our recent work reported a nanotechnology-based fluo-
rescent technique based on the H-function of Tb(ur) complexes
included in silica nanoparticles.*® The results highlighted the
main requirements for the H-function sensor for accurate and
adequate determination of AChE activity. The first requirement
is high sensitivity, because pH-induced spectral changes have
to be monitored within the first few minutes of enzyme hydro-
lysis before inhibition of AChE due to pH lowering. The
second requirement is a retarded ion exchange, preventing
metal ion-induced inhibition of AChE.**"*® Thus, anionic com-
plexes with slow ion exchange and sensitive H-function are
applicable in sensing enzymatic hydrolysis of ACh.

The hexarhenium cluster complex [{ResSg}(OH)e]"™
(Scheme 1), where a Reg octahedron is strongly bonded with
eight inner ps-S ligands into the cluster core {RecSg}>*, while
the six apical hydroxo ligands are protonable, fits the above-
mentioned requirements for the H-sensor.*” The specific struc-
ture of [{ResSg}(OH),]*~ determines H™-induced stepwise proto-
nation of apical OH™ ligands (equilibria (1) and (2)) with
subsequent changes in cluster-centered photoluminescence.*’

The present work deals with the luminescence response of
[{Re6Ss}(OH),]*~ upon medium acidification resulting from the
enzymatic hydrolysis of ACh as the basis for sensing. The work

Scheme 1 Structure of the cluster complex [{RegSgHOH)gl*~. Hydrogen
atoms are not shown.
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shows that time-resolved luminescence measurements at
various enzyme and substrate concentrations follow the kine-
tics of both AChE- and BChE-catalyzed hydrolysis of ACh.*®*°
Moreover, the applicability of cluster-centered luminescence in
sensing cholinesterase inhibitors is reported. The inhibition
effect is exemplified by using the drug pyridostigmine
bromide (PyrBr) as a model inhibitor.>”**""

Experimental

Materials and synthesis

Choline chloride (99% purity), acetylcholine chloride (>99%
purity), pyridostigmine bromide, acetylcholinesterase (AChE)
from Electrophorus electricus (electric eel, Type VI-S, lyophilized
powder, 200-1000 units per mg protein) were purchased from
Sigma-Aldrich (Saint Louis, USA). Human butyrylcholine-
sterase (BuChE) was highly purified from human plasma as
described.”® K,[{ResSs}(OH),]-8H,0 was synthesized and puri-
fied according to a previously published procedure.

Sample preparation for luminescence detection of ACh
hydrolysis. A stock solution of AChE (C = 10~° M) was prepared
by vortex-assisted dissolution of the lyophilized enzyme in
NaCl (100 mM). Stock solution of BuChE 6.7 x 10~ M was
prepared in 50 mM phosphate buffer pH 8.0. The solutions
were stored at 8 °C for no more than 2-3 days before use.

The mixture of K,[{ResSg}(OH)s]-8H,O (0.0075 mM), NaCl
(1 mM) and AChE (pH 8.4) was incubated for 5 minutes at
25 °C. Then ACh was added, and its hydrolysis immediately
monitored through cluster-centered luminescence. The AChE
concentration was varied in the range 107°-2 x 10~® M. The
ACh concentration was varied from 0.06 to 0.9 mM. The
luminescence spectrum kinetics was recorded at 25 °C every
minute within 10 min.

Methods

Steady-state uncorrected emission spectra were recorded on a
fluorescence spectrophotometer Cary Eclipse (Agilent Techno-
logies) under aerated conditions. Excitation was at A = 350 nm,
and emission was detected at 600-650 nm, excitation and
emission slits were 10 nm.

pH of solutions was controlled with a Microprocessor pH
meter “pH 212” (Hanna Instruments). The pH-meter was
calibrated with standard aqueous buffer solutions.

ESI measurements were performed on an AmazonX (Bruker
Daltonics, Germany) mass spectrometer in the negative mode.
Nitrogen (15 psi) was used for desolvation and nebulization.
The sample introduction rate was 0.2 mL min~'. The ESI
source conditions were as follows: capillary voltage 4500 V,
capillary exit voltage —140 V, dry gas temperature 300 °C. Mass
spectra were acquired at an m/z range from 100 to 2000.

All samples were prepared in bi-distilled water filtered
through a 0.45 pm Millipore nylon membrane filter. All
measurements were performed at least in triplicate at 25 °C.
The standard deviation of each point was about 2-3%.

Analyst, 2016, 141, 4204-4210 | 4205
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Results and discussion

Acidification effect on the cluster-centered luminescence in
acetic acid solution

The response ability of the cluster-centered luminescence to
acidification in acetic acid solutions is a prerequisite in devel-
oping a new sensing technique for enzymatic hydrolysis of
acetylcholine. Indeed, the amount of acetic acid (or protons)
produced measures the rate of ACh hydrolysis, i.e. the enzyme
activity: d[H']/d¢ = —d[ACh]/dz.

As previously reported, of Ky[{ResSs}
(OH)¢]-8H,0 in water is followed by turning the anionic
complex [{ResSgH(OH)e]'™ to [{ResSs}(H,0),(OH),*~ through
equilibrium (1).*” The self-maintained pH of aqueous
K4[{ResSsHOH)6]-8H,O solution is 8.4. Its luminescence is
manifested by a broad and structureless emission band with a
maximum wavelength around 625 nm according to the spec-
trum recorded within the current study by the fluorescence
spectrophotometer Cary Eclipse. It is well known that the
phosphorescence of hexarhenium cluster complexes in solu-
tions is somewhat quenched by oxygen. Thus, deaeration by
purging an inert gas stream is commonly used for determi-
nation of correct emission quantum yield and lifetime values
for hexarhenium clusters in solutions. Nevertheless, the pre-
sented luminescence measurements were carried out without
deaeration, since it is a time-consuming process, which
restricts revealing the quick response of the cluster lumine-
scence on the acid produced by AChE-catalyzed ACh hydrolysis.
Moreover, performing time resolved emission measurements
in an aerated solution retains the oxygen effect on the cluster
emission at a similar level without a disturbance of the emis-
sion intensity caused by a gradual change of oxygen
concentration.

ESI mass spectrometry was performed in order to detect
[{ResSs}H(H,0),(OH),J*~ in solution. The ESI spectrum (Fig. 1)
confirms predominance of the cluster di-anion in aqueous
solution of K,[{ResSgH{OH)s]-8H,O at pH 8.4.

dissolution

[{ResSs} (OH) "™ +2H™ 2 [{ReeSs} (H,0),(OH), " (1)

[{ResSs }(H,0),(OH),]*” + 2H" = [{ReSs }(H,0),(0H),] (2)

Thus, equilibrium (2) is the fundamental principle for
sensing proton release through cluster-centered luminescence.
Fig. 2a shows the enhancement of emission intensity upon

[RegS5(OH),J*
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Fig.1 ESI mass spectrum of an aqueous solution of Kyl{RegSg}
(OH)g]-8H,0 (0.0075 mM, pH = 8.4).
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Fig. 2 (a) Emission spectra of the cluster complex (0.0075 mM) in

acetic acid solutions (lex = 350 nm). Arrow designates the tendency with
increased concentration in acetic acid from 0 to 0.1 mM. (b) //I, ratio for
the aqueous solution of K4[{RegSg}(OH)el-8H,0 (0.0075 mM) in the pres-
ence of different concentrations of acetic acid without any additives (1)
and in the presence of various additives: 0.075 mM ChCl (2), 0.075 mM
ACh (3), 1078 M AChE and 1 mM NaCl (4), 0.1 M NaCl (5).

addition of acetic acid to the aqueous solution of K,[{ResSg}
(OH)g)-8H,0. This is quantitatively represented by 1/I, values
in Fig. 2b, where I and I, are emission intensities at 625 nm in
solutions of acetic acid and solutions without additives (at pH
8.4), respectively. Although [{ResSgH(H,0),(OH),]*~ should be
predominant at pH 8.4, some minor contributions of [{ResSg}
(OH)e]"~ equilibrated with the latter cannot be ruled out. The
experimentally observed increase in I/I, (Fig. 2b) confirms that
protonation of [{ResSg}(H,0),(OH),]*~ according to equili-
brium (2) is the cause for the observed trend. The increase is
linear up to 0.12 mM acetic acid. Beyond this concentration,
precipitation occurs. This fact confirms the formation of a
poorly water-soluble neutral complex [{RegSgh{H,0)4(OH),]
according to equilibrium (2). Thus, linear increase in I/I, with
acetic acid concentration up to 0.12 mM is the prerequisite for
the H-function of the cluster complex under these concen-
tration conditions.

The equilibria between differently charged clusters can be
shifted by interactions with counter-ions released by inorganic
or biological components in the medium. Moreover, a possible
apical hydroxide ligand substitution to enzyme donor groups
or any anions from inorganic and/or biological background
may be another cause for the background effect on the H-func-
tion of the cluster. Thus, monitoring the enzymatic hydrolysis
through cluster-centered luminescence should be preceded by
evaluation of the effects of inorganic, organic and biological
background on the luminescence response in acetic acid solu-
tions. For this reason, I/I, values were determined in acetic
acid solutions following addition of ChCl, ACh and AChE in
NaCl (1 mM) solution. I/I, was increased with acetic acid con-
centration, although the increase was affected by the presence
of ACh, ChCl and AChE (plots 2-4 in Fig. 2b). In particular,
the increase becomes less pronounced in the acetic acid con-
centration range 0-0.05 mM, while more enhanced and close
to linear increase in I/I, is observed at 0.05-0.125 mM (curves
2-4 in Fig. 2b). A shift of equilibria (1) and (2) towards cluster
anions [{ResSgH(OH)s]*™ and [{ReeSsH(H,0),(OH),J*~, respect-
ively resulted from ion-pairing of the anions with both organic
and inorganic cations. This ion-pairing is one of the reasons

This journal is © The Royal Society of Chemistry 2016
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for the background effect. Nevertheless, no specific influence
of AChE on both luminescence and the H-function of the
cluster was detected. The background effect on the H-function
of the cluster becomes enhanced in more concentrated (0.1 M)
NacCl solutions. The concentration profile of /I, at 0.1 M NaCl
lies below curves 1-4. This indicates the restricted H-function
of the cluster under these conditions.

Thus, NaCl concentration was maintained at 1 mM in all
measurements to avoid the undesirable counter-ion effects.

Time-resolved luminescence measurements of the cluster
complex solution under conditions of AChE-catalysed ACh
hydrolysis

As above-mentioned, the concentration of acetic acid produced
by AChE-catalyzed ACh hydrolysis is affected by pH-induced
inhibition of the enzyme.**** The optimum of AChE activity is
at pH 8. Activity decreases with acidification because of proto-
nation of the catalytic triad histidine. Thus, time-resolved pH
measurements during AChE-catalyzed ACh hydrolysis in the
presence of the cluster complex were performed. They are rep-
resented in Fig. 3 by curve 1. Results indicate that pH drops
from 8.4 to 7.0 within four minutes of hydrolysis.

Curve 2 in Fig. 3 shows the change in cluster-centered
luminescence intensity (I/I, values) with time under enzymatic
hydrolysis of ACh.

The change in /I, versus time, i.e., change versus the actual
PH, is sigmoidal with the inflexion point after 3 minutes of
hydrolysis (curve 2 in Fig. 3). This results from time-dependent
acidification (curve 1 in Fig. 3) with subsequent inhibition of
AChE. A comparison of curves 1 and 2 indicates that the inflex-
ion point is around pH 7.2, which corresponds to protonation
of a key group in AChE, ie., the catalytic triad histidine.*® The
increase in I/I, within first 3 minutes (curve 1 in Fig. 3) is
similar to the trend shown in Fig. 2b: dependence of /I, on
acetic acid concentration. This confirms that the I/, values
arise from enzymatic hydrolysis of ACh (Fig. 3). Moreover,
these values follow the time-dependent pH-induced inhibition
of enzymatic activity. This fact raises a question about corre-
lation between I/I, determined within the first minutes of ACh
hydrolysis with the enzymatic hydrolysis rate.

t, min

Fig. 3 Time dependencies of pH (1) and I/l (2) in solution of the cluster
complex (0.0075 mM), 2 x 10~ M AChE, 1 mM NaCl. The enzymatic
hydrolysis started by adding 0.4 mM ACh att = 0.

This journal is © The Royal Society of Chemistry 2016
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Enzyme and substrate effects on time-resolved luminescence
measurements of the cluster complex solution

Scheme 2 describes AChE (E)-catalyzed hydrolysis of ACh. The
hydrolysis kinetics at low substrate (S) concentration corres-
ponds to the boxed reactions in Scheme 2. The hydrolysis rate
increases with ACh concentration up to 0.5 mM,*®*® which
corresponds to Michaelis-Menten kinetics, i.e. b =1 in eqn (3).
Substrate-induced inhibition of AChE is observed at greater
ACh concentration, which corresponds to » < 1 in eqn (3).
Time-resolved I/, measured at various substrate concen-
trations under constant AChE concentration are presented in
Fig. 4a. Fig. 4b shows the values determined within two
minutes of hydrolysis versus ACh concentration. It is worth
noting that experimentally observed changes in I/I, measured
within two minutes upon increase of ACh concentration are
greater than the standard deviation of I/, values. Dependence
of I/I, on ACh concentration is represented by two sets of
experimental points (curves 1 and 2 in Fig. 4b) in order to
show the reproducibility of /I, values. Similarity of the deter-
mined values confirms the reliability of the revealed tendency.

keat[E] <1 + b[S]/KSS)

U T T K /[S] \ 1+ [8]/Kss

3)

where k., is the catalytic constant, [E] the enzyme concen-
tration, and K, the Michaelis-Menten constant. The b factor
refers to the effect on the k., of a second S molecule that
binds to E to form SES with a dissociation constant K.

The profile of observed dependence (Fig. 4b) reveals the
increase of I/, up to 0.5 mM ACh, followed by the decrease at

k
E+S==ES—>E+P

+ +

“h o

SE+S<—=SES—= SE +P

Scheme 2 Schematic mechanism of cholinesterase (E)-catalyzed

hydrolysis of positively charged substrates (S), the factor b reflects the
548

efficiency of product formation from the ternary complex SE

00
0 2 4 6 8 10 00 01 02 03 04 05 06 07 08 09
t,min C ey MM

Fig. 4 (a) I/lo versus time measured in solutions of the cluster complex
(0.0075 mM), 2 x 10~8 M AChE, 1 mM NaCl at various concentrations of
ACh: 0.06 mM (1), 0.1 mM (2), 0.2 mM (3), 0.4 mM (4), 0.6 mM (5),
0.8 mM (6). (b) I/l values determined after two minutes of hydrolysis
versus ACh concentration at 2 x 10~8 M AChE, 1 mM NaCl (1, 2).
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Fig. 5 I/lp determined after two minutes of ACh hydrolysis for the
cluster complex solution (0.0075 mM), 2 x 108 M BuChE and different
concentrations of ACh.

ACh concentration above 0.5 mM. This is in agreement with
the above-mentioned substrate-induced activation with b = 1
and inhibition with the » < 1 kinetic model (eqn (3),
Scheme 2).*

The enzymatic hydrolysis rate of ACh is greatly affected by
the enzyme nature or structure. For example, no substrate-
induced inhibition is observed for BuChE-catalyzed hydrolysis
of ACh within the concentration range 0.2-0.9 mM according
to the kinetics of BuChE-catalyzed hydrolysis of ACh.*?
Instead, BuChE shows activation by excess substrate. The
corresponding dependence of the hydrolysis rate on substrate
concentration is described by eqn (3) with » > 1. Thus, similar
luminescence measurements at various ACh concentrations
were performed for BuChE. The time dependencies of I/I, are
available in the ESI (Fig. S1}). The linear increase in I/], as a
function of ACh concentrations up to 0.8 mM (Fig. 5) is also in
agreement with the kinetics of BuChE-catalyzed hydrolysis
of ACh.*

The effect of enzyme concentration on I/I, was exemplified
by luminescence measurements at different AChE concen-
trations. 1/, for 0.4 mM ACh versus AChE concentration is rep-
resented in Fig. 6, while the corresponding time-resolved
measurements are presented in the ESI (Fig. S27). It is worth
noting that /I, values measured at 0.1 mM ACh exhibit similar
dependence on AChE concentration (Fig. S3 in the ESIT).

2.0

1.5

n

1.0

0.000000 0.000005 0.000010 0.000015 0.000020
C , mM
AChE

Fig. 6 I/lo measured after two minutes in the cluster complex solution

(0.0075 mM), 0.4 mM ACh, 1 mM NacCl and different concentrations of
AChE.
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According to enzyme kinetics theory, the rate of AChE-cata-
lyzed hydrolysis of ACh should exhibit a linear dependence on
enzyme concentration.*®* The plot of I/I, versus AChE concen-
tration is curvilinear (Fig. 6). Taking into account that I/I,
values are affected by proton-induced transformation of
[{ReSs}(H,0),(0OH), >~ to [{ReeSsH(H,0)4(OH),] through equili-
brium (2), the observed deviation suggests that this transform-
ation is affected by AChE above a certain concentration of the
enzyme. This tendency may result from the buffer effect of
AChE, which possesses numerous basic groups (His, Lys, Arg)
on the solvent-exposed surface and/or the decreased equili-
brium concentration of the cluster complexes due to their
interactions with the enzyme.

Thus, the results highlight the correlation between the
cluster-centered luminescence and activity of AChE. It is worth
noting once more that certain drugs, including the carbamylat-
ing agent pyridostigmine bromide, inhibit AChE activity.?®>*
This raises a question about the detection of inhibitory action
through cluster-centered luminescence.

Inhibition of AChE by pyridostigmine bromide as monitored
by luminescence

Inhibition reaction of AChE by pyridostigmine bromide (PyrBr, I)
can be described by the following two-step mechanism (4).>?

E+I12E —E —E (4)

The quick reversible complex formation (EI) is followed by
carbamylation of the enzyme active serine (E') with a reaction
rate constant k,. The inhibition is quasi-irreversible, since slow
water-mediated decarbamylation of E' occurs with a reaction
rate constant kj, resulting in enzyme regeneration.’*”* Enzyme
reactivation is slow enough to be insignificant within
the experimental time frame conditions. Thus, under our
experimental conditions, inhibition may be considered as
irreversible.

Fig. 7 illustrates time dependencies of I/I, for AChE-cata-
lyzed hydrolysis of ACh in the presence of different PyrBr

1o
I

1

2

1.6 ' 3

4

=°1.4- s
1.2

6
1.0

0 1 2 3 4 5

t, min t, min
Fig. 7 (a) I/ly versus time measured in the cluster complex solution

(0.0075 mM), 2 x 108 M AChE, 0.4 mM ACh, 1 mM NaCl and no PyrBr
(1) and in the presence of various PyrBr concentrations: 0.02 mM (2),
0.04 mM (3), 0.06 mM (4), 0.08 mM (5), 0.1 mM (6). (b) pH versus time
measured for the same solution without inhibitor (1) and in the presence
of 0.02 mM PyrBr (2) and 0.1 mM PyrBr (3).

This journal is © The Royal Society of Chemistry 2016
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concentrations. Results indicate the effect of inhibitor concen-
tration on I/I,. Analysis of I/I, versus time (Fig. 7) shows slower
release of acetic acid during the time course of AChE
inhibition by PyrBr. Moreover, the greater the concentration of
PyrBr the more the enzyme inhibited.

Good correlation between 1/I, and pH values measured at
various times of the inhibition process under first order con-
ditions, [E] < [PyrBr], confirms that decrease in proton release
is the cause for the observed difference in the cluster-centered
luminescence response in the presence of a progressive inhibi-
tor. The profiles of I/I, versus time at various PyrBr concen-
trations (Fig. 7) are linear within two minutes. Corresponding
slopes of linear dependencies decrease with increase in PyrBr
concentration. This reflects PyrBr-induced inhibition of AChE.
The inhibition is greater as PyrBr concentration is increased.
The work of Forsberg®® is worth noting for reporting the dis-
sociation constant Ky of the reversible EI complex, the carb-
amylation constant k, (4) and the bimolecular rate constant
k»/Ky for inhibition of AChE by PyrBr. Accurate determination
of these constants is out of the scope of the present work and
requires additional kinetic measurements, i.e., inhibition by
PyrBr in the presence of ACh at different concentrations.

The obtained results point to adequate sensing of both
activity and inhibition of AChE through the luminescence
response of the hexarhenium cluster complex. To the best of
our knowledge, the present work is the first report about the
applicability of cluster-centered luminescence in sensing enzy-
matic activity.

Conclusions

The present work describes a new method for monitoring
AChE-catalyzed hydrolysis of ACh through steady state lumine-
scence of a hexarhenium cluster complex [{Re,Sg}(OH)o]*". The
method is based on sensitization of cluster-centered lumine-
scence intensity by acetic acid. The protonation of hydroxo-
groups without any changes in the cluster core results in sig-
nificant enhancement of luminescence and excludes any
rhenium-induced inhibiting effect due to the binding of
rhenium cations to enzyme anionic centers. Results show a
linear response of the cluster-centered luminescence to acetic
acid, although the response is disturbed by background
effects. Thus, specific conditions for adequate detection of
acetic acid produced by AChE-catalyzed hydrolysis of ACh are
highlighted.

Luminescence measurements were monitored within ten
minutes of AChE-catalyzed hydrolysis of ACh. The monitored
luminescence detects the release of acetic acid, although
measurements are affected by proton-induced inhibition of
AChE. However, the luminescence intensity measured within
the first two minutes of hydrolysis provides adequate sensing
of ACh enzymatic hydrolysis. The measured intensity as a func-
tion of substrate concentration fits the kinetic mechanisms of
AChE- and BuChE-catalyzed hydrolysis of ACh. The applica-
bility of the cluster-centered luminescence in monitoring

This journal is © The Royal Society of Chemistry 2016
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pyridostigmine-induced inhibition of AChE provides evidence
that cluster-centered luminescence is a facile technique for
fast and sensitive detection of any inhibitor of cholinesterases.
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