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Abstract: This study describes the immobilization of a native lipase (LCPT29)
from Actinomadura keratinilytica strain CPT29 isolated from poultry compost
in north-east of Algeria in order to detect ester pollutants in an aqueous
environment. For this purpose this detergent-stable lipase was immobilized with
glutaraldehyde as a cross-linker, in the presence of bovine serum albumin (BSA)
onto ‘a platinum (Pt) electrode. The prepared enzyme membrane was
characterized by FT-IR spectroscopy, confirming its formation network, and its
coating the Pt-electrode by evaluating electrochemical changes using cyclic
voltammetry. The effectiveness of the cross-linked enzyme membrane-coated
working electrode was evaluated electrochemically by detecting propyl 4-
hydroxybenzoate (PHB) as a model analyte. Under optimal conditions and at an
applied potential of -250 mV, the LCPT29-based biosensor showed a linear
response over the concentration range from10' to 10 mol L' (» = 0.991), with
a detection limit of 107" mol L. The biosensor exhibited high sensitivity
(0.0327 mA L mol™), good stability (RSD = 0.37 %) and significant selectivity
as well as the ability to analyze trace amounts of PHB in real water samples,
demonstrating its potential for electrochemical biosensing applications.

Keywords: immobilization; enzyme membrane; biosensor; electrochemical; ester
pollutant.

* Corresponding author. E-mail: fatiha.benamia@univ-annaba.dz
https://doi.org/10.2298/JSC260307038B



mailto:fatiha.benamia@univ-annaba.dz
https://doi.org/10.2298/JSC260307038B

BOUNOUR et al.

INTRODUCTION

Due to their catalytic nature, which accelerates biochemical reactions in living
organisms, enzymes play a crucial role in many biotechnological applications.
They are essential for analytical devices used in various environmental and
medical applications, including biosensors and biocatalysis.!* As- recognition
elements in biodetection, they provide developed biosensors with high detection
capabilities, essential characteristics for analyzing target compounds in complex
matrices.>* Alongside these technological advances, the application of enzymes in
biosensors is a current research area that is increasingly being explored.

Biosensors are devices that combine a biological recognition element, such as
an enzyme, with a physicochemical transducer, thus enabling the conversion of a
specific biochemical reaction into a measurable signal.” Although the exploitation
of commercial enzymes is widespread, their use often remains limited by their high
cost, availability, and sometimes their stability under specific environmental
conditions.® As an alternative to commercially produced enzymes, those derived
from autochthon microorganisms are cited. A wide variety of microorganisms
produce enzymes, which differ in their microbial origin, chemical properties, and
mechanisms of action. Generally, microbial enzymes catalyze hydrolysis,
oxidation, or reduction reactions.” Microbial lipases are the most widely used
enzymes in the industrial world because they are more economical, stable and easy
to culture.®

Lipases (EC3.1.1.3 triacylglycerol acylhydrolase) are enzymes from the
hydrolase group, mainly involved in the degradation of fats.®!° They are common
in nature and are made by fungi, bacteria, and actinomycetes, as well as plants,
animals, and other microorganisms.'" On an industrial scale, lipases are produced
by mierobes.'* Lipase is widely employed for detecting ester-based pollutants due
to ifs catalytic hydrolysis activity.'® In recent years, many enzyme electrochemical
biosensors were conceived, developed, and commercialized as user-friendly and
time-saving analytical methods.!* Their immobilization enhances stability,
reusability, and applicability in biosensing systems.! Recently, numerous
immobilization approaches, such as adsorption, entrapment, covalent binding, and
cross-linking, have been examined in the literature. '

Exploiting a detergent-stable extracellular lipase from an authochton strain of
Actiomaudura keratinilytica (CPT29), we developed a platinum-electrode-based
enzymatic membrane. This membrane was designed to create a cost-effective,
highly sensitive, and selective biosensor for detecting ester-type pollutants in
aquatic environments. The lipase was immobilized on a platinum electrode to form
an enzymatic membrane, which was characterized by FT-IR spectroscopy and
cyclic voltammetry.
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EXPERIMENTAL
Chemicals and reagents

BSA (bovine serum albumin 99 %), aqueous solutions of glutaraldehyde (25 % ;w /'v),
buffer solutions, glycerol (99 %), and ester substrate were purchased from Sigma-Aldrich
Chemie GmbH (Munich, Germany).

Enzyme source

In this study, the lipase!® used as a biological recognition element, was previously
produced from Actinomadura keratinilytica strain CPT29 [GenBank accession no. KC447297]
isolated from poultry compost collected from a local farm in north-east region of Annaba in
Algeria."?

Apparatus and measurements

Electrochemical analyses were performed using a modular SP-300 potentiostat/
galvanostat (Biologic Science Instruments, France), controlled by EC-Lab software (v11.46)
for data acquisition and processing. Measurements were carried out in a three-electrode cell
consisting of a platinum working electrode (0.5 em?), a platinum wire auxiliary electrode (0.1
cm diameter), and a saturated calomel (SCC) reference electrode. The working electrode had
been previously cleaned according to a previously described procedure.'?

Immobilization procedure

Immobilizing the enzyme on the electrode is a crucial step in biosensor development, as
its efficiency depends directly on the fixation method used. Several techniques, such as
adsorption, covalent bonding, or encapsulation'$-!, can be employed after prior activation of
the surface functional groups. **%’

In this study the LCPT29 was immobilized on the surface of platinum electrode by
covalent crosslinking in saturated GA vapor with BSA in which the amino groups of a protein
are expected to form a Schiff base.? During the immobilization, GA acts as a bifunctional cross-
linking agent, enabling covalent bonding between the enzyme and the substrate, while BSA is
often used as a stabilizing and spacing agent, promoting membrane formation on conductive
surfaces: According to a previous study %, the developed biosensor was prepared by depositing
a drop of lipase-based solution containing enzyme / BSA (5 % , w / v) and glycerol (10 %) in
10 mol L' PBS (90 % and pH 7.4) onto the surface of the Pt-electrode. The modified working
electrode was then exposed to the vapor of the saturated GA for 30 minutes, followed by drying
at room temperature for another 30 minutes. Finally, it was stored at 4 °C until further use.
Scanning electron microscope (SEM, Quanta 250, FEI Company, Eindhoven, Netherlands) and
FT-IR transmittance spectra (SHIMADZU IRSpirit-X FTIR) were recorded to confirm the
cross-linking and the membrane formation.

Enzyme activity assay

The activity of LCPT29 towards hydrolysis of PHB was measured titrimetrically. The
experiment was conducted using a method similar to that described elsewhere with slight
modifications.!® Lipase (50 mg) was added to the PHB (16.7 mol L") in 40 mL of PBS (10 mol
L', pH 8). The mixture was stirred in a water bath at 40°C. The kinetics of the hydrolysis
reaction, were monitored using an automatic pH-stat titrator (TitroLine®7000, TitriSoft 3.0, SI
Analytics GmbH, Germany). The quantity of the p-hydroxybenzoic acid (PHBA) released was
titrated adding 0.1 mol L of sodium hydroxide to the reaction medium. One unit (1 TU) of
hydrolytic activity corresponds to 1 pmol of released acid per minute under the assay conditions
used. All determinations were performed in triplicate.
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RESULTS AND DISCUSSION
Characterization of GA/BSA/LLCPT29
FT-IR-spectroscopy analysis

Fig. 1 shows the results of the FT-IR analysis obtained after lipase
immobilization. The GA spectrum shows a peak around 1680 e¢m:! (C=O stretching
vibration) attributed to the carbonyl group of the aldehydic function.?® In the
lipase-based membrane spectrum, this peak exhibits a slight shift, suggesting the
involvement of glutaraldehyde-derived aldehydes in a chemical reaction.
Furthermore, the peaks recorded around 1650 cm™! and 1540 cm™! can be attributed
to amide I (C=O stretching vibration) and amide Il (C—N stretching and N-H
bending), respectively, which are characteristic of proteins.?’” Although a minor
contribution of residual GA in the 1650 cm' region cannot be completely excluded,
this band is predominantly associated with the protein components of the
membrane (BSA and immobilized enzyme). Indeed, the same band is already
observed in the spectrum of pure BSA, confirming its protein origin. Furthermore,
the characteristic aldehyde band of free GA around 1680 cm™ is absent or strongly
attenuated in the membrane spectrum, suggesting that most of the GA was
consumed during the crosslinking reaction with the amino groups of BSA and the
enzyme.

The increased intensity of the amide I band in the membrane, compared with
that of BSA alone, may be attributed to the combined contribution of BSA and the
immobilized enzyme, as well as to structural and chemical modifications induced
by GA-mediated crosslinking. These interactions likely involve Schiff base
formation and/or imine bond generation between aldehyde groups of GA and
amino groups of proteins.”® Since the amide I region is highly sensitive to the
secondary structure of proteins, changes in its intensity and profile may reflect
modifications in the local structural environment of the immobilized proteins.*
The FT-IR spectrum (Fig.1) shows also, a broad absorption between 3000 and
3400 cm™ indicates O—-H and N-H bonds stretching vibrations®, reflecting the
presence of hydrophilic groups and bound water. These spectral characteristics
together confirm the successful chemical integration of BSA and lipase within the
GA-crosslinked membrane?. In this region, a weaker band is observed around
2900-3000 cm™!, which may be associated with C—H bond stretching vibrations.
On the other hand, the absence of a clearly resolved imine (C=N) band on the
spectrum could be attributed to overlap with the intense region of amide I and the
low intrinsic intensity of this feature in complex protein matrices.
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Fig.1. FT-IR spectra of GA; BSA, and the prepared biomembrane GA/BSA/LCPT29

Morphological analysis

In accordance with the method described above, a morphological study was
performed to validate the fabrication of the enzymatic membrane on the platinum
electrode using SEM analysis under an accelerating voltage of 20 kV, using CBS
images at magnifications of 80x and 600x to compare the surface morphology
before and after immersion in PHB (Fig. 2a—d). In addition, ETD images at 300%
were recorded to further examine the surface changes before and after immersion
(Fig. 2a’-b").

SEM analysis (Fig. 2a-b) revealed homogeneous and stable adhesion of the
biomembrane to the platinum electrode surface after deposition. The morphology
of the biosensor after immersion in the target analyte was examined (Fig. 2c—d) to
assess analyte diffusion to the active sites. The images show a porous structure and
cavities within the BSA—GA—enzyme matrix, facilitating analyte penetration and
improving access to the active sites, thus promoting mass transfer. These SEM
images (Fig. 2c—d) also show brighter areas localized around the membrane pores,
suggesting adsorption and/or accumulation of products resulting from the
enzymatic hydrolysis of the analyte. Furthermore, ETD images (Fig. 2a'-b’)
confirm the surface modification before and after immersion. These observations
are consistent with data from the literature'® and highlight the essential role of
porosity in the diffusion of the analyte.
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Fig.2: SEM analysis of the platinum electrode coated with a LCPT29-based biomembrane: a
and b —before; ¢ and d — after immersion in PHB using CBS images at 80 and 600%. Insets:
ETD images at 300x before and after immersion (a’ and b’, respectively).

Cyclic voltammetry analysis

The SEM analysis was then validated by electrochemical characterization of
the biomembrane after its deposition on the working electrode. For this purpose
the cyclic voltammetry (CV), as a widely used technique in biosensing®"*2, was
employed to characterize the surface of a platinum electrode®® before and after
biomembrane deposition. Measurements were performed in a 5 mmol L’
[Fe(CN)g]*"* solution prepared in 10 mol L' PBS buffer (pH 7.4), with a scanning
potential from —0.7 to +0.7 V at 25 mV s\,

The voltammograms illustrated in Fig. 3a—b show two well-defined anodic
and cathodic peaks, indicating a quasi-reversible reversible redox process. The
bare electrode (Fig. 3a) exhibits the highest peak currents, indicating rapid electron
transfer, while their decrease (Fig. 3b) after modification confirms the formation
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of a bioactive layer that limits access to the redox probe, without however,
completely blocking electron transfer. 3433
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Fig. 3. Cyclic voltamograms recorded for bare and modified electrodes (a and b, respectively),
using 5 mmol L' [Fe(CN)sJ** in 10 mol L' PBS buffer (pH 7.4) at a scan rate of 25 mV s\,

Evaluation of enzymatic activity

In this study, enzymatic hydrolysis of PHB was performed to evaluate the
hydrolytic activity of the LCPT29 against this model analyte, prior to its use as a
bioreceptor in the development of a novel biosensor. Initially, PHB was converted
to PHBA by enzymatic hydrolysis using the titrimetric method described in the
experimental section. The proposed reaction mechanism is illustrated in Fig. 4.



BOUNOUR et al.

1600
His il COH
Asp ThS Ser
7T 09,0
1400 | Step1 OAD’?_“réjN HQ/\% —— C4H,0H + ?
b I
& ro
1200 Active serine
© Intermediate
E active acyl-sering
= 1000 pep  His B OH
5 sz I S0 (1 + con
L 800 / ]
o HOH TJH " * + - *
S S 800 -
@ 600 £ 700 -
> L 500
$ +
r 400 T 300
T 200
@100 -
200 o 0 : . .
£/, 0 005 01 015 02
Reaction Time,min
0

0 0,05 0.1 0,15 0,2 0,25 0.3 0,35 0.4 0,45
Reaction Time,min

Fig. 4. Kinetic curve recorded for the hydrolysis of PHB to PHBA, catalyzed by LCPT29. The
proposed mechanism for the hydrolysis of PHB and the linear portion of the curve are shown
in the inset. The reactions were carried out at pH 8 and 40 °C, and their kinetics were
continuously monitored using a pH meter. The error bars represent the standard deviation of
three measurements.

The hydrolytic activity of the produced LCPT29 was determined from the
slope of the linear portion of the kinetic curve, plotted against reaction time (inset
of Fig. 4): The enzyme exhibited high activity against the hydrolysis of PHB (4359
IU) and a higher specific activity than previously described enzymes (Table I),
highlighting its potential as a novel bioreceptor of a sensitive PHB biosensor.

TABLE 1. Comparison of the specific activity of LCPT29 with that of certain enzymes
described in the literature, during the hydrolysis of PHB.

Biocatalyst Specific activity, IU mg™! of enzyme Reference

LCPT29 90.02 £ 0.05 This work
LPP? 53.25+0.02 10
PrbA® 1.91+0.03 2

rAoPrbA°® 0.280 £ 0.029 33

2 Lipase from Porcine Pancreas; ® Esterase from Enterobacter cloacae strain EM; ©
Aspergillus oryzae Esterase.
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Optimization of biosensor response
Scan rate effect

To investigate the scan rate dependence and diffusion-controlled kinetics of
the modified electrode, the [Fe(CN)s]*’* redox couple was used as a standard
quasi-reversible electrochemical probe. Cyclic voltammetry (CV) measurements
of the LCPT29-based biosensor were performed at scan rates ranging from 25 to
200 mV s over a potential range of —0.7 to +0.7 V vs Ag/AgCl. All experiments
were conducted in a 5 mmol L' [Fe(CN)s]*’* solution prepared in 10 mmol L-!
PBS buffer solution (pH 7.4), in the absence of PHB.

The modified electrode exhibited two well-defined redox peaks (Fig. 5), with
peak currents increasing with the scan rate. The slight potential shift and the /fpc/
Ipa ratio close to unity (1.03 at 100 mV s!, Table II) indicate quasi-reversible
behavior.

0,8 —
02 mipa alpc 25 mV s!
0,6 -50
75
0.4 -100
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N 175
s
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§ oo 200
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Fig. 5. Cyclic voltammograms of the modified electrode at scan rates from 25-200 mV s
over —0.7 to +0.7 V vs Ag/AgCl, using 5 mmol L' [Fe(CN)]*’* in PBS buffer (10 mol L™,
pH 7.4). Insets show plots of anodic/cathodic current vs the square root of the scan rate and
anodic/cathodic potential vs the logarithm of the scan rate.
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TABLE II. Current and potential peaks analysis parameters recorded for the modified platinum
electrode at different scan rates.

Scanrate, mVs! [./mA  Le/mA  |La/I Ep/mV  E,./mV  AE,/mV

25 0.162 -0.133 1.22 273 159 114
50 0.269 -0.214 1.26 284 154 131
75 0.333 -0.244 1.37 286 154 131
100 0.341 -0.311 1.03 294 143 151
125 0.428 -0.296 1.44 301 136 164
150 0.455 -0.311 1.46 304 122 182
175 0.493 -0.327 1.51 313 124 188
200 0.526 -0.348 1.51 313 115 199

The kinetic study of the effect of the scan rate on the anodic and cathodic peak
currents (/pa and Ipc) showed a linear relationship between the peak currents and
the square root of the scan rate (Equations 1 and 2; inset Fig. 5), indicating a
diffusion-controlled process.®® The second inset of Fig. 5 reveals a linear
dependence of Epa and Epc on the logarithm of the scan rate, as well as an increase
in AEp (Table 1), confirming the quasi-reversible nature of the system.'?

Ia=0.0276 1 +0.0468  r=0.9974 (1)
Ie=0.0231 V% -0.0458  r=0.9968 )

Concentration effect

The calibration curve developed to study the influence of analyte
concentration on the response of the biosensor designed for the detection of PHB
in aqueous.media was established by successive additions of increasing
concentrations (from 107 to 10“#mol L) to 100 mL of an electrolyte composed
of 5 mol L' of [Fe (CN)s]*"*in a 10 mol L' PBS solution. All measurements were
carried out under optimized pH and temperature conditions, within a potential
window ' ranging from —0.7 to +0.7 V. Prior to analyte injection, the
electrochemical stability and repeatability of the biosensor were evaluated by
recording fourteen consecutive cyclic voltammetry cycles in the presence of the
immobilized enzyme and the redox mediator [Fe(CN)s]**. The negligible
variation observed during these cycles confirmed the achievement of a stable and
reproducible electrochemical response, thus ensuring reliable baseline conditions
for subsequent calibration experiments. This behavior also suggests the absence of
significant electrode surface passivation under the experimental conditions used.

As illustrated in Fig. 6a, the redox peak currents changed significantly with
increasing PHB concentration, confirming the sensitivity of the modified electrode
to PHB detection. The calibration curve (Fig. 6b) was constructed by plotting the
absolute value of the cathodic peak current (|/pc[) versus the logarithm of PHB
concentration. The inset of Fig. 6b shows a strong linear relationship between the
cathodic peak current and the logarithm of the PHB concentartion. According to
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these results, this linear relationship is observed in the curve range from 107* to
10®* mol L' (Equation 3). In contrast, a non-linearity between the current and the
concentration was observed up to 10 mol L™, which could be due to saturation of
the active site on the surface of the biosensor.'?

Ip=0.0327 log C+0.4908 r=0.991 (3)
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Fig. 6. Cyclic voltamograms of the LCPT29-based biosensor recorded at different PHB
concentrations in PBS at optimal reaction conditions with the corresponding calibration curve
of the cathodic peak current versus the logarithm of the PHB concentration (a and b,
respectively). Error bars represent the standard deviation (n = 3).

According to this analytical curve, LCPT29-based biosensor demonstrated
significant sensitivity (0.0327 mA L mol™') with a limit of detection (LOD) of 10-
“mol L. In order to better evaluate the analytical performance of this biosensor,
a comparative study was conducted with previously published studies (Table III).

Table III. Comparison of PHB detection characteristics with previously published studies using
CV analysis.

Biosensor  LOD, mol L"! Linear range, mol L’! Optimum pH  Reference
1 1.0x 10 104 —-108 8.0 This work
2 3.7x 101 1074-10° 7.4 13
3 1.1x 107 2.7 x10% - 1.07x107 6.0 »
4 8.0x 10 2.0x10°—-20.0 x 10 7.0 40

Effect of pH and temperature

pH and the temperature of the reaction medium are physico-chemical
parameters that significantly influence enzyme activity. For example, in hydrolysis
reactions, these two experimental parameters play a crucial role. pH generally
affects the macromolecular stability of the enzyme protein, while temperature
increases molecular collisions and improves the solubility of the substrate in the
reaction medium.*** It has been shown that, in the case of enzymes such as
lipases, optimizing these two parameters is essential to ensure their stability and
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maximize their enzymatic activity. Bacterial lipases are generally active in media
with a wide pH range, from 3 to 12, and are thermostable between 30 and 60 °C.*
These two parameters can also affect the response of a biosensor in terms of
stability, and their optimization is therefore essential.*®

For this purpose, we investigated the influence of these two physico-chemical
parameters on the response of the developed biosensor in order fo evaluate their
effect. The experiments were conducted according to the previously mentioned
operating protocol, at different temperatures between 20 and 50 °C, and by testing
the reaction medium at different pH values (from 4 to 10). The response obtained
at pH 7.4, corresponding to the initial experimental conditions, was included in
Figure 7a as a comparative reference to evaluate the improvement achieved after
pH optimization. To facilitate interpretation, the results of the CV analysis applied
for this stage of the study are presented as graphs illustrating the evolution of the
current peak versus pH and temperature (Fig. 7a-b, respectively).

0,35 0,35
03 @ 05 (©)
£ 0.25 < 025
‘g 0,2 E 02
£0.15 @ 0,15
O 0,1 S
: 3 o
0,05 0,05
0 : 0
0 24 .6 8 10 12 0 10 20 30 40 50 60
pH t/°C

Fig. 7. Scatter plots of the current response (mA) of the biosensor as a function of pH and
temperature (a and b, respectively). Experimental conditions: PBS (10 mM) ; PHB (107 M).

The results shown in Fig. 7a indicate that the current peak is highly dependent
on the pH of the reaction medium. The biosensor response increases significantly
between pH 4 and 8, while a marked decrease is observed at higher pH values.
This reduction could be due to the accumulation of acidic products released during
the reaction, which may locally lower the pH and create unfavorable conditions
that reduce enzymatic activity and, consequently, the electrochemical response of
the biosensor.*’

The results presented in Fig. 7b indicate that the biosensor response increases
with temperature between 20 and 40 °C, reaching a maximum at 40 °C due to
increased enzymatic activity and reaction kinetics. Above this temperature, a
significant decrease is observed, which could be attributed to enzyme denaturation
or biomembrane degradation,*® consistent with previous studies.'®*
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Stability and selectivity of biosensor

The stability of the LCPT29-based biosensor was studied by subjecting the
modified working electrode to fourteen successive cycles until the response
stabilized. The results of the CV analysis were graphically represented by plotting
the current (mA) versus cycle number (Fig. 8a) to better visualize the current
response over successive cycles. Significant stability of the developed biosensor
was observed, with a relative standard deviation (RSD) of 0.37% (< 5%). The
selectivity of the developed biosensor was also evaluated by comparing different
potential interfering substances (a-tocopherol and glycerol, phenol, bisphenol A,
and cresol). a-Tocopherol and glycerol are frequently used in some industrial
cosmetic formulations.>*>! Phenol, bisphenol A and cresol were included among
the relevant environmental pollutants frequently detected in industrial effluents
and wastewater.’>** For consistency and reliable comparison, all interference
experiments were conducted under the same experimental conditions previously
optimized. The results were obtained by plotting the absolute value of the cathodic
peak current versus the logarithm of PHB concentration (Fig. 8b). The significant
reduction in the current signals recorded for the tested interfering substances
confirms the high specificity of this biosensor for PHB.

0.1198 0,28 APHB eo-tocopherol 4 Glycerol mBisphenol XCresol XPhenol
0,1196 L
0,1194 v b a bt
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Fig. 8. Evaluation of stability and selectivity of LCPT29-based biosensor for sensing PHB in
aqueous media (a and b, respectively).

Real sample validation of PHB

In order to evaluate the LCPT29-based biosensor performance in real
matrices, recovery experiments were carried out using tap water and river water
samples spiked with different known concentrations (from 108 to 10! mol L!) of
the target analyte (PHB). The analyte concentrations in the real samples were
determined using the calibration curve previously established with standard
solutions by cyclic voltammetry (Equation 3), and the recovery values were
calculated using Equation 4:3

Recovery = % x 100 (4)
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RSD, %
0 - — —
108 1080 93.5 1.43
Tap water 10° 10702 94.8 1.06
1010 10-10:02 95.9 1.98
107! 101101 97.3 2.52
0 _ _ _
108 10804 90.8 1.50
River water 10” 1002 95.3 1.05
1010 101004 91.4 2.10
10! 10-11:03 94.0 2.46

CONCLUSION

In this work, a native, detergent-stable lipase from the Actinomadura
Keratinilytica CPT29 strain was deposited onto a platinum working electrode for
the environmental detection of organic pollutants. The formation of the membrane
network was confirmed by FT-IR spectroscopy and cyclic voltammetry (CV),
demonstrating successful deposition on the platinum electrode. Under optimal
experimental conditions, the enzyme membrane showed a markedly improved
response for the detection of PHB as a model analyte, leading to a 30-fold increase
in sensitivity compared to our previous study using a commercial lipase. The
results obtained in this study are satisfactory, and the successful recovery in real
water samples demonstrated the practical applicability of the biosensor, which has
encouraged us to consider further work to more precisely evaluate its performance
in different media and with different analytes, with the aim of enabling large-scale
multisensory detection.



VOLTAMMETRIC STUDY OF LCPT29-BASED BIOSENSOR 1 5

Acknowledgements: This work was generously supported by The General Directorate for
Scientific Research and Technological Development (DG-RSDT), Algerian Ministry of Higher
Education and Scientific Research.

HU3BO

BOJITAMETPHUJCKO UCITUTHUBAILE ITNIATHHCKOI BMOCEH30PA CA JIMITASOM CPT29
N3 BAKTEPUJE ACTINOMADURA KERATINILYTICA YHAKPCHO ITOBE3AHOM ITOMORY
GA/BSA Y CTABMJIHOM HA JETEPTEHTE

SELMA BOUNOUR', FATIHA BENAMIA', NOURA SEMACHE', SAIDA ZOUGAR?, RAHMA BENYAHIA?,
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Mokhtar University, P.O. Box 12, 23000 Annaba, Algeria, and *Laboratory of Applied Biochemistry and
Microbiology, Biochemistry Department, Faculty of Sciences, Badji Mokhtar University, P.O. Box 12, 23000,
Annaba, Algeria.

OsBa cryagdja omucyje umodunusauujy HaTueHe nunase (LCPT29) us coja Actinomadura
keratinilytica CPT29, ©30/10BaHOL U3 )KUBUHCKOT KOMIIOCTa y CEBEPOUCTOUHOM AJDKUDY, Y CBPXY
IeTeKlyje ecTapckyx 3arahyBauya y BOAEHOj CpeOWHM. Y Ty CBpXy, OBa JIMNasa CTadWiHa y
IeTepreHTMa UMOOWIN30BaHa je Ha miatuHcky (Pt) enextpomy momohy miyTapanfexuna Kao
YHaKpCHOT Be3uBa, y mpucycTBy roseher cepymckor andymuna (bCA). [TpunpemsbeHa eH3UMCKa
memOpaHa kapakrepucaHa je nmomohy FT-IR cnexkrpockomnuje, unme je notspheHo dopmupame
IEHE MPEXe, Kao U IeHO HAaHOLIEHhe Ha IVIATUHCKY eJIeKTPOIY KPO3 IPOLIEHY e/1eKTPOXEeMUjCKUX
IpoMeHa noMohy LUKINYHe BonTameTpuje. EdbukacHOCT pafHe enekTpose 0dI0KeHe YHaKpCHO
NI0BE3aHOM E€H3UMCKOM MeMODaHOM eNeKTPOXEMUjCKH je IpolieleHa NeTeKLUjoM Mponui-4-
xungpokcudenszoata (PHB) kao Mmozen-aHanuTa. [1og onTHMaTHUM YCIIOBUMA U TIPH IPUMEHEHOM
noreHuyjany of —250 mV, duocensop Ha 6asu LCPT29 mnoxasao je jvHeapaH O3MB y OICETy
koHuentpanuja-ox 1074 go 108 mol L™ (r = 0,991), ca rpanunom metekuuje on 1074 mol L.
BroceHsop je mokasao BUCOKY ocembuBocT (0,0327 mA L mol™), mobpy crabunoct (RSD =
0,37%) ¥ 3HayajHy CENEeKTUBHOCT, Ka0 M MoryhHocT aHanuse TparoBa PHB-a y peanHum
y30pLKMa BOJie, LITO I0KAa3yje HeroB MOTeHNUUjal 3a IPaKTUYHY IPUMEHY.

(ITpumssero 7. MapTa; peBuaupano 17. anpua; npuxsaheHro 23. jyma 2026.)
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