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ABSTRACT

The anisotropic morphology of gold nanorods (AuNRa$ been shown to lead to non-uniform
ligand distribution and preferential etching thrbutheir tips. We have recently demonstrated
that this effect can be achieved by biocatalyticlation with hydrogen peroxide, catalyzed by
the enzyme horseradish peroxidase (HRP). We rdpod that modification of AUNRs with

thiol-containing organic molecules such as glutateiand thiocholine hinders enzymatic AUNR
etching. Higher concentrations of thiol-containimglecules in the reaction mixture gradually
decrease the rate of enzymatic etching, which aammbnitored by UV-Vis spectroscopy,

through changes in the AuNR longitudinal plasmondba his effect can be applied to develop
novel optical assays for acetylcholinesterase (ACaélivity. The biocatalytic hydrolysis of

acetylthiocholine by AChE vyields thiocholine, whiphevents enzymatic AUNR etching in the
presence of HRP. Additionally, the same bioassaylwe used for the detection of nanomolar

concentrations of AChE inhibitors such as paracxaeh galanthamine.



Introduction

The physical properties of inorganic nanopartid8$s) depend on their shape, size and
composition: Noble metal NPs exhibit strong localized surfatesmon resonances (LSPR) in
the visible or near-IR wavelength range. Hence aimgPs of different nature have found broad
application in imaging and colorimetric bioanalgli@ssay$:* Metal NPs of different shapes
have been reportedand gold nanorods (AuNRs) in particular have régefound wide
application in bioanalysi&® AuNRs can be employed as a highly sensitive piatfto probe
environmental changes through variations in theimgth because the longitudinal LSPR
frequency is highly sensitive to minute changeghie AuNR aspect rati6™® Post-synthetic
morphological modifications of AUNRs leading to elgtable LSPR changes have been reported,
including shortening? lateral etching? and transverse overgrowthShortening of AUNRs can
be achieved by oxidation of Awiatoms in aqueous solutions containing high comatans of
hydrogen peroxid& Such an oxidation process occurs in acidic saistiat high temperature.
Such harsh experimental conditions are however nipetible with most bio-analytical
applications. In an attempt to mitigate this issmetal ions (Cti, PE*, F€*, Cr(VI)) were
employed as catalysts for the oxidation of golelsN *>*® Another approach to etching of
AuNRs under physiological conditions relies on enatic Al oxidation catalyzed by the redox
enzyme horseradish peroxidase (HRPhe use of HRP instead of metal cations (whickdme
cases denature proteins and inhibit enzymes) enabléending the set of biorecognition
elements used in bioanalysis in conjugation wittNRs.

AuNRs are usually synthesized by seed-mediatedtgrowwater, in the presence of a shape-
directing surfactant, cetyltrimethylammonium bromiCTAB) It has been postulated that the

packing density of CTAB is higher along the sideefs of AuNRSs, leaving more exposed the



facets at the tipS. Numerous reports thus demonstrate that thiol-goinig organic molecules
preferentially bind to AuNR tip&%* Accordingly, the oxidative shape transformatiorCatAB-
stabilized AnNRs results in shortening that stattthe tip$ ' #In this context, organic thiols
such as glutathione and thiocholine are expectegrévent enzymatic etching of CTAB-
stabilized AuNRs catalyzed by HRP, in a concergratdependent manner, which can be
exploited as a novel biodetection assay.

Thiocholine is the product of the enzymatic hydsidyof the artificial enzymatic substrate
acetylthiocholine, catalyzed by acetylcholine emter (AChE). In Nature this enzyme breaks
down acetylcholine at cholinergic synapses, gapsr&vta neuron that produces acetylcholine
sends messages to other neurons, or to skeletatlengslls. The recipient cells adsorb
acetylcholine from cholinergic synapses. Neuronsatinaally produce acetylcholine during
communication; therefore this compound should keyexatically decomposed in the synapse
after use to prevent the continuous activationatiScin the presence of inhibitors, AChE is not
able to clear acetylcholine from the synapse aneretipon the accumulation of this
neurotransmitter throughout the body affects thgsjaogy of the nervous system with serious
or fatal consequencé$Some AChE inhibitors are employed as chemical avargents (nerve
gases) or pesticides, which prevent muscle comdrectassisting in breathing of living beings.
Lethal nerve agents are hazardous to humans astdick hence in the past decade many efforts
have been made to develop sensitive and efficieethods to detect AChE inhibitors in air,
water and food. In this manuscript we report thatgutive effect of thiol-containing compounds
against enzymatic etching of AUNRs and applicatibthis phenomenon to the development of a
simple optical bioassay for the enzymatic activofyAChE and sensitive detection of AChE

inhibitors.



Experimental Section

Materials. Tetrachloroauric acid (HAug@), sodium borohydride (NaBfi silver nitrate
(AgNQOg3), hexadecyltrimethylammonium bromide (CTAB), hychtoric acid (HCI) and L-
ascorbic acid (AA), acetylthiocholine chloride (AR acetylcholinesterase from electric eel,
horseradish peroxidase type VI, diethyl p-nitropfiephosphate (Paraoxon), galanthamine
hydrobromide (from Lycoris Sp.) and other chemicaése purchased from Sigma-Aldrich. All
reactants were used without further purificationlliM) water was used in all experiments.
Absorbance measurements were performed in a Vamogkash microplate reader (Thermo
Scientific) using 96-microwell plates. The UV-Vibsorbance spectra were scanned from 400 to

900 nm at RT.

Synthesis of gold nanorods.Gold nanorods were prepared using Ag-assistediesee
growth? ?® Seeds were prepared by reduction of HAU(@.25 mM, 5 mL) with freshly
prepared NaBKH (10 mM, 0.3 mL) in aqueous CTAB solution (100 mMJter 30 minutes, an
aliquot of seed solution (0.55 mL) was added to@wvth solution (250 mL) containing CTAB
(200 mM), HAuUC}, (0.5 mM), ascorbic acid (0.8 mM), AgN@0.12 mM), and HCI (19 mM).
The mixture was left undisturbed at 30 °C for 2heBolution was centrifuged twice (8000 rpm,
30 min) to remove excess silver salt, ascorbic,aCibAB and HCI, and redispersed in CTAB

(200 mM).



Characterization. TEM images were obtained with a JEOL JEM-1400PLUEBismission
electron microscope operating at an acceleratiat?6kV. UV-Vis spectra were measured with

an Agilent 8453 UV-Vis spectrophotometer.

Effect of thiols on the rate of enzymatic AuNR iatghThe etching assay was performed by
adding 3.5uL of AuNRs ([Al]=2.97 mM in 0.1 M CTAB), 1uL of HRP (120uM in citrate
buffer 0.2 M pH 4.0), L of HCI (0.5 M) and 2.81L of H,O, (1.76 mM) to solutions (9QL)
containing different concentrations of reduced aibne or enzymatically produced

thiocholine. Absorbance spectra of the resultingtunes were recorded after 15 min.

Detection of acetylcholinesterasacetylthiocholine chloride (0.02 mM) was incubatetth
different amounts of AChE in 10 mM Tris-HCI buffgeH 7.4) in a final volume of 90L, at RT
for 25 min. The etching assay was then performedeasribed above and absorbance spectra of

the resulting mixtures were recorded after 15 min.

Inhibition of AChE by Paraoxon and Galanthamibéfferent concentrations of inhibitor were
incubated with 1.4 mU mt AChE in 10 mM Tris-HCI buffer (pH 7.4), in a finablume of 85
uL, at RT for 1 h. Next, &L of 0.4 mM acetylthiocholine chloride in 10 mM $fHCI buffer
(pH 7.4) was added, and the resulting mixture wasbated at RT for 25 min. Thereafter, the
etching assay was performed as described abovatmmibance spectra of the resulting mixtures

were recorded after 15 min.



Quantification of acetylcholinesterase in humarnuserCommercial human serum was spiked
with different concentrations of acetylcholinesssrand the concentration of the mixtures was

determined as described above. The dilution fawtserum in the assay was 1:20000.

Results and Discussion

Effect of thiols on the rate of biocatalytic etufpiof gold nanorods

We have recently demonstrated that the enzyme faalisé peroxidase catalyzes oxidative
anisotropic etching of CTAB capped AuNRs in thesprece of hydrogen peroxide acting as an
oxidizer and bromide acting as a gold complexingna§ The surface of Au NRs stabilized with
CTAB is different from that of spherical Au NPs. ¢diles composed of CTAB complexed with
AgBr (CTAB-AgBr) confine the geometry of Au growth and stabilize kateral facets on the
nanorod surface. It has been repditatiat the axis of AuNRs is orientated along the1]00
direction and the side faces consist of eight ebigil-index {520} facets. A complex between
CTAB and AgBr selectively stabilizes {520} side &s during the synthesis of AUNRs while
the tips consist of a combination of {110}, {1008nd {111} facets. Because of differences in
surface energ§’ the lateral faces are more likely to accommodhée Heads and tails of the
CTAB-AgBr complex, whereas the interaction of CTABBr with {110}, {100} and {111}
surfaces is less effective. Gold atoms on tip &€&10}, {100}, {111} thus form weaker bonds
with the surfactant and the surface coverage of B-P4Br is lower as compared to that on the
side faces. This explains why the enzymatic oxdadf AUNRS starts at the more exposed tips,

resulting in shortening of the rods and leadinglétectable changes in their longitudinal LSPR



band. Interestingly, we found that the rate of btatytic etching of AUNRs can be modulated by
the presence of thiols in the reaction mixture.

Figure 1A displays longitudinal LSPR bands recorded aftePHiatalyzed oxidative etching
of AuNRs for 15 min, in the presence of varying camtrations of glutathione (GSH) and the
fixed concentration of 5QM of H,O, which is optimum for reproducible monitoring of PR
shift. According to Figure 1B, where the LSPR positis plotted vs. GSH concentration,
increasing amounts of thiol in the reaction mixtlead to a smaller effect of enzymatic etching
on the length of the AuNRs. The corresponding calibn curve exhibits linearity from 0 to 1
MM, as well as a saturation segment starting fro@Sdd concentration of @M. The shape of
the curve indicates that the kinetics of GSH bigdio AUNRs obeys the Langmuir adsorption
isotherm model:

[GSH]/IAN = Kg/AAmax+ [GSH]AN max 1)
where [GSH] is GSH concentratiod\ is the difference LSPR-LSRRHj=0.0 and AAmax IS
LSPRyaxLSPRasHi=00 Using this equation and nonlinear regressiorninjit the apparent

dissociation constanky, between GSH and AuNRs was found to be 2.6 13
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Figure 1. Influence of GSH on the enzymatic etching of AuNRA) Absorbance spectra
recorded after the enzymatic etching of AUNRs méated with different concentrations of
GSH. (B) LSPR shift as a function of GSH conceidratThe solid line is a fit of a Langmuir

isotherm model to the data. Inset: linear parhefcalibration plot.

We also studied the impact of a second thiol oéredt — thiocholine — on the rate of HRP-
catalyzed AuNR etching. Longitudinal LSPR bandsorded after HRP-catalyzed etching of
AuNRs in the presence of varying concentrationthadfcholine are presented Kigure 2. The
plot of LSPR positiorvs. thiocholine concentration shows a linear segm@ntoul5uM and
saturation starting from 30M thiocholine Eigure 1S in Supporting Information). The shape of
the plot indicates that the interaction of thiochel with AuNRs also complies with the
Langmuir adsorption isotherm model. The apparergsatiation constant, € between

thiocholine and AuNRs, equal to 12.0 + 9.



Control experiments in which the enzymatic activit HRP was measured employing the
standard chromogenic substrate 3,3',5,5'-tetrartiethyidine (TMB), in the presence of
thiocholine concentrations up to §®1 (A) and in the range of GSH concentrations frorto

20 uM, (B) did not demonstrate any inhibiting effect thfe thiol. under our experimental

conditions (Figure 2S in Supporting information).

The protective effect of GSH and thiocholine agait® biocatalytic oxidative etching of
AuNRs is in agreement with the previous discussioterms of thiol binding to the ends of
nanorods, as shown Bcheme 1. Thiol molecules (R-SH) bind preferentially tol{d}, {100},
{111} facets located at the tips of AUNRs where BI'Aurface coverage is lower. Thiols
compete with hydroxyl radicals for the exposed galdrface hence a higher surface
concentration of protective thiol molecules at B&@e\R tips will decrease the rate of enzymatic

anisotropic oxidation of gold by hydroxyl radicals.

CTAB capped
Au NR
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Scheme 1. Schematic illustration of the protective effect tbfol molecules (R-SH) against

biocatalytic oxidative etching of AUNRs.
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Figure 2. Influence of thiocholine on the enzymatic etchiofgAuNRs. Absorbance spectra
recorded after the enzymatic etching of AuNRs fé&r rhin, preincubated with different

concentrations of thiocholine.

Detection of acetylcholinesterase activity based\ahR etching

We studied the dependence of the absorbance spé&ttyare 3A) and of LSPR position
(Figure 3B) on increasing AChE concentrations using the ATRéd concentration (2QM).
According to the calibration plot iRigure 3B, curvea, the increase in AChE concentration
leads to a red shift of the final LSPR position ethis related to longer AUNRSs remaining in the
reaction mixture after oxidative etching catalybgoHRP. According to the calibration curve, de

detection limit was 0.04 mU/mL, which is lower thams obtained by the most relevant
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previously published colorimetric methods employiggowth of gold (26 muU/mf®, 0.6
muU/mL®), silver NPs (0.1 mU/mLJ.,amine-terminated polydiacetylene vesitid muU/mL)

and the water-soluble polythiophene derivative (B00/mL)*

A control experiment was carried out to examinedfiect of increasing AChE concentrations
on the length of HRP-etched AuNRs in the absenci@fenzymatic substrate ATCRidure
3B, curve b). The result confirms that AChE without ATCh cant rprotect AuNRs from

enzymatic etching.
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Figure 3. Influence of AChE on enzymatic etching of AUNRA) Absorbance spectra recorded
after enzymatic etching of AUNRs for 15 min, preibated with ATCh (0.02 mM) and different
concentrations of AChE. (B) LSPR shift as a funttad AChE concentration, preincubated with

(curvea) or without ATCh (curvéd). The solid lines are guides to the eye.
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As described in the previous section, low concéioma of thiocholine (below M) are able
to impair the rate of AuNR etching catalyzed by HRiocholine can be enzymatically
producedin situ by the enzyme AChE from the artificial substratetglthiocholine (ATCh).
Therefore, the rate of enzymatic hydrolysis of ATEG AChE will influence the rate of
thiocholine formation and consequently the ratédiotatalytic etching of AUNRs catalyzed by
HRP Scheme 2). This system was thus applied to develop a aoletric assay for the detection
of AChE activity. The influence of varying conceattons of the enzymatic substrate ATCh on
the registered absorbance spectra in the presémrcéxed concentration of AChE (1 mU i)

is shown inFigure 4A.
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Scheme 2. System for detection of AChE activity based onyematically generated thiocholine

modulating the rate of biocatalytic etching of AudR
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Figure 4. Influence of ATCh on AuNR enzymatic etching. (Apgorbance spectra recorded
after the enzymatic etching of AuNRs for 15 mineipcubated with AChE (1 mU/mL) and
varying concentrations of thiocholine. (B) LSPRfslEs a function of ATCh concentration
preincubated with (curva) or without AChE (curvé). The solid line irais a fit of Michaelis-
Menten equation to the data using Kagequal to 0.1 mM and Figure 3 in order to relat®RS

shift with the enzymatic activity; the line nis a guide to the eye.

The variation of LSPR positiove ATCh concentration is presented in Figure 4B\(e@).
In order to calculate the apparent Michaelis-Merd@nstant the equation (2) was employed
v=Vmax[S]/(Ku + [S]) 2)
where [S] is the concentration of ATQKy is the apparent Michaelis-Menten constafrmhaxis
the maximum rate of the enzymatic reaction angs the reaction rate. The values \of
corresponding to each concentration of substratee walculated from the plot of LSPR vs.

AChE concentration (Figure 3).
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Non linear regression fitting to equation (2) oé thbtained experimental data gave the value
of Ky equal to 0.1 mM. This value is in good agreemeith whe value of Michaelis-Menten
constant calculated under similar experimental it >

Thus, the hydrolysis of ATCh catalyzed by AChE dals the classical Michaelis-Menten
kinetic model with an initial bimolecular reactidmetween the enzyme and the substrate,
interaction with water, and with the last irreveisi step up to the total exhaustion of the
substrate. Control experiments carried out withréasing concentrations of ATCh in the
absence of AChEHgure 4A, curveb) demonstrated no significant effect of the enzymat
substrate on the aspect ratio of AUNRs remaininthéreaction mixture after HRP-catalyzed
etching.

The morphological changes of AUNRs upon HRP etcinioglulated by the AChE catalyzed
generation of thiocholine were analyzed by TEM. Tésults show that the initial AUNRsS were
50.5£1.8 nm long and 10.2+0.7 nm widédure 3S in Supporting Information). AChE and the
products of enzymatic hydrolysis of ATCh do noeatfthe shape and size of AUNRSsgur e 4S
in Supporting Information). Only after the additiohHRP and hydrogen peroxide the decrease
in the length of AUNRs was observed. TEM imagindAaNRs obtained after oxidative etching
in the presence of varying concentrations of ACRE\re 5) revealed that the length of the
resulting AuNRs is directly related to the amouhAGhE in the system. The changes in AUNR
length are reflected in visible changes in the rcofothe reaction mixtures from blue to brown.
The plot of AuNRs length vs. AChE concentratidfiglire 5F, curvea) reveals that, in the
absence of AChE AuNRs become shorter by ca. 32Immther words, AuNRs retain 38% of
their initial length after HRP etching, in the abse of AChE. At AChE concentrations above

2.7 mU mL' AuNRs retain more than 90% of their initial lengtfier biocatalytic etching. A

15



plot of AUNRs width vs. AChE concentratioFigure 5F, curveb) demonstrates that ACt
activity, and consequently the amount of gener¢heal, does not affect the diameter of etcl
AuNRs. This observation confirms our initial hypesis that thiols preferentially bind to the t

of AuNRs, thereby pretting them against enzymatic shorter
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Figure 5. TEM images of the etching products obtained up@mpubation of AUNRs with 0.C
mM ATCh and varying concentrations of AChE: A) 0 fiml; B) 0.32 mU/mL; C) 1.37 mL
mL; D) 2.74 mU/mL. E) Colorimetridetection of AChE. (F) Length (cura) and width (curve

b) of etched AuNRs, as a function of AChE concerdratSolid lines are guides to the ¢

In Nature, AChE can be found in neuromuscular jomst and human serum. Therefc

evaluation of AChE adstity in human serum allows us to determine e.gfea§ of
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organophosphate poisoning. With this applicatiomind, we validated the proposed system by
running assays for the determination of AChE amtiin commercially available human serum.
We applied the method of standard addition, in Whégual volumes of the sample serum
solution were taken, all but one were separatgdikéxl’ with known and different amounts of
AChE, and then all diluted to the same volume. &heymatic activity of AChE was measured
in all samples as described above, to determin@igE amount in serum without the added
standard. The obtained experimental LSPR positigere plottedvs. the concentration of added
standard (Figure 6, ling). We also performed the enzymatic activity assagdual volumes of
aqueous buffer solution, instead of human serurkedpwith different amounts of AChE under
the same experimental conditions to obtain the line Figure 6. Both lines yielded similar
slopes, therefore the LSPR position correspondingeto concentration of AChE in the buffer
solution on line b (636 nm) was used as a referpog®. The linear regression for human serum
samples was performed to calculate the intercephe®xtrapolated calibration lirgge with the
horizontal line crossing the y-axis at the refeeepoint. This negative intercept on the reference
horizontal line corresponds to the amount of thehBGn human plasma without the added
standard. Taking into consideration the dilutioatdéas of the serum samples, we computed the
activity of AChE in human serum to be 2040 mU “lwhich is within the range of values

reported for human plasnia.
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Figure 6. Quantification of AChE concentration in human semia the method of standard
addition. LSPR shift as a function of AChE in dddtserum (1:20000) (cun& and in buffer

(curveb). Solid lines are linear fits to the data.

Biosensing of AChE inhibitors

The protection effect of low concentrations of ACl@own to 0.1 U/L) against AuNR
enzymatic etching can be exploited to develop @raoktric assay for inhibitors of AChE
activity. It is well known that nerve agents andst@des decrease the enzymatic activity of
AChE, leading to a reduction in the amount of gatezt thiocholine. In this case, the rate of
AuNR oxidative etching increases with inhibitor centration, ultimately leading to a blue shift
of the characteristic LSPR bands. We selected twopounds paraoxon and galanthamine as
model inhibitors of AChE due to their low toxicitpy humans under laboratory conditions.
Paraoxon (4-nitrophenyl phosphate) is an organqggtaie that irreversibly inhibits AChE
activity by phosphorylating the serine hydroxyl gpoin the active site of the enzyri&The
assay was initiated by pre-incubation of AChE vatBample of paraoxon for 1 hour, and then

the procedure for detection of active AChE afteeraction with the inhibitor was applied.

18



Figure 7A shows the absorbance spectra of assay mixturesuneehafter AUNR enzymatic
etching but including varying concentrations ofgmon. The LSPR position is red-shifted as
the concentration of paraoxon is increased. Acogrdo the calibration plot in Figure 7B, the
detection limit was 12 nM by IUPAC definition calated with the a confidence level of 0.95,
which is ca. three times lower than the detectionitIdemonstrated by the relevant optical
assays based on AuNPs* A control experiment carried out within the samamge of
paraoxon concentrations in the absence of AChEategieno effect of the inhibitor on the rate of
AuNR enzymatic etching (data not shown). The ko®ebtf the irreversible inhibition of AChE
by paraoxon is described by the equation:

[AChE]/ [AChE]= €K1Y (3)
where [AChE] is the concentration of free activezyane, [AChE] is the total enzyme
concentration,k; is defined as the bimolecular rate constant armbimsmonly used to measure
the inhibitory capacity of irreversible inhibitorsis the time of enzyme/inhibitor interaction, [I]
is the inhibitor concentration. The plot of LSRR. paraoxon concentratiorfigure 7B) was
converted into the plot of [AChE]/ [AChEVs. paraoxon concentratiofrigur e 5S5) on the basis
of Figure 3B. Then, the nonlinear regression amalysing equation 3 gave the valueofequal
to 3.5 x 16 Mt min?, which is the of same order of magnitude as repairt the literature?® %
Our experimental data, thus, indicate that speath&lnges were caused by the specific

inhibition of AChE, but neither by the inhibitiorf 8IRP nor by the adsorption of paraoxon on

AuNRs.
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Figure 7. Inhibition of AChE activity by Paraoxon. A) Absornt@e spectra of the etched AuNI
preincubated in the presence of 0.02 mM ATCh, 1UfmiL AChE and different concentratio
of paraoxon. (B) LSPR shift as a function of pa@oxoncentration. The solicne is a guide to

the eye.

A second model inhibito— galanthamine 4s known to compete with acetylcholine -
binding to the active site of AChE in a reversilolanner. The assay for galanthamine
carried out by preéacubation with AChE for 1 tur, followed by measurement of the retail
enzymatic activityFigure 8A shows the dependence of the absorbance speceaultimg assa
mixtures after HRRatalyzed etching of AuNRs. The calibration plotFigure 8B yields a
detection limit of 40 nM $ IUPAC definition calculated with the a confidenlesel of 0.958%
This detection limit was c.a. lee times better than that of the previously publisioptical
method employing inorganic N.3” When AChE was absent in the assay mixture, no teéfe

galanthamine on the rate of AuNR enzymatic etchwas detected (data not shov
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Galanthamine competes with ATCh for binding to #tive site of AChE in a reversible
manner, and its inhibitory mechanism is describgthk equation:

[AChE]/[AChE]=[S]/(Kw *™* [S]) (4)

WhereKy®= Ky (1 + [I)/k ), ki is the inhibitor’s dissociation constant and [l]tie inhibitor
concentration. The plot of [AChE]/[AChEvs [I] (Figure 6S in Supporting Informatio)
obtained on the basis of Figure 3B and Figure 88s wmployed in the nonlinear regression
analysis using equation 4 to evaluate the valde (@5 nM).
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Figure 8. Inhibition of AChE activity by Galanthamine. A) Abrbance spectra of the etched
AuNRs preincubated in the presence of 0.02 mM ATCH, mU/mL AChE and different

concentrations of galanthamine. (B) LSPR shift &snation of galanthamine concentration. The

solid line is a guide to the eye.

Conclusions

We demonstrated that trace concentrations of thanic thiols glutathione and thiocholine are

able to protect AuNRs against biocatalytic etchinyggHRP. According to TEM imaging, the
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organic thiols modulate only the length of etchadNRRs, not affecting their width. Therefore,
measurement of the longitudinal LSPR bands of AuNBR®n enzymatic etching in the presence
of thiols can be employed to evaluate their bindingstants to gold nanoparticles, according to
the Langmuir adsorption isotherm model. We dematetr that the concentration dependent
influence of thiocholine, produced from acetylthiotine by the enzyme AChE, on the LSPR
position of etched AuNRs can be applied to devedopymatic assays for determination of
AChE and its inhibitors. In addition, we believeath the developed approach can be also
employed to control the exact size of NPs of dédfgrshapes including nanorods.because the
concentration of organic thiols determines the sifeetched NPs. Therefore, the controlled
etching is of very high importance for nanomateristience complementing existing methods

for preparation of metal NPs.
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