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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 the northeast 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 character-
ized by FT-IR spectroscopy, confirming its network formation, while its coating
of the Pt-electrode was evaluated 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 vs.
Ag/AgCl, the LCPT29-based biosensor showed a linear response over the con-
centration range from 10714 to 108 mol L'! (» = 0.991), with a detection limit of
10" 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
analyse trace amounts of PHB in real water samples, demonstrating its potential

for electrochemical biosensing applications.
Keywords: immobilization; enzyme membrane; biosensor; electrochemical; ester

pollutant.
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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 med-
ical applications, including biosensors and biocatalysis.!-2 As recognition elements
in biodetection, they provide developed biosensors with high detection capabil-
ities, essential characteristics for analysing target compounds in complex mat-
rices.3* 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 con-
ditions.® As an alternative to commercially produced enzymes, those derived from
autochthonous microorganisms are cited. A wide variety of microorganisms pro-
duce enzymes, which differ in their microbial origin, chemical properties and
mechanisms of action. Generally, microbial enzymes catalyze hydrolysis, oxidat-
ion 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.8

Lipases (EC 3.1.1.3 triacylglycerol acylhydrolase) are enzymes of the hydro-
lase group, mainly involved in the degradation of fats.%!0 They are common in
nature and are made by fungi, bacteria and actinomycetes, as well as plants, ani-
mals and other microorganisms.!! On an industrial scale, lipases are produced by
microbes.!2 Lipase is widely employed for detecting ester-based pollutants due to
its catalytic hydrolysis activity.!3 In recent years, many enzyme electrochemical
biosensors have been conceived, developed and commercialized as user-friendly
and time-saving analytical methods.!4 Their immobilization enhances stability,
reusability, and applicability in biosensing systems.! Recently, numerous immo-
bilization approaches, such as adsorption, entrapment, covalent binding and cross-
-linking, have been examined in the literature.!5

Exploiting a detergent-stable extracellular lipase from an autochthonous strain
of Actiomaudura keratinilytica (CPT29), we developed a platinum-electrode-
-based enzymatic membrane. This membrane was designed to create a cost-effect-
ive, 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

Bovine serum albumin (BSA, 99 %), aqueous solutions of glutaraldehyde (25 %), buffer
solutions, glycerol (99 %) and an 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 pro-
duced from Actinomadura keratinilytica strain CPT29 (GenBank accession no. KC447297)
isolated from poultry compost collected from a local farm in the northeastern region of Annaba,
Algeria.!”

Apparatus and measurements

Electrochemical analyses were performed using a modular SP-300 potentiostat/gal-
vanostat (Biologic Science Instruments, France), controlled by EC-Lab software (v. 11.46) for
data acquisition and processing. Measurements were carried out in a three-electrode cell con-
sisting of a platinum working electrode (0.5 cm?), a platinum wire auxiliary electrode (0.1 cm
diameter), and an Ag/AgCl reference electrode. The working electrode had been previously
cleaned according to a previously described procedure. 3

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 adsorp-
tion, covalent bonding, or encapsulation,!8-2! can be employed after prior activation of the sur-
face functional groups.?2-23

In this study, LCPT29 was immobilized on the surface of a platinum electrode by covalent
cross-linking in saturated GA vapor with BSA, in which the amino groups of proteins are exp-
ected 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 %) 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 min, followed by drying at room temperature
for another 30 min. Finally, it was stored at 4 °C until further use. Scanning electron microscope
images (SEM, Quanta 250, FEI Company, Eindhoven, Netherlands) and FT-IR transmittance
spectra (Shimadzu IR Spirit-X FTIR) were recorded to confirm the cross-linking and the mem-
brane formation.

Enzyme activity assay

The activity of LCPT29 towards the hydrolysis of PHB was measured titrimetrically. The
experiment was conducted using a method similar to that described elsewhere with slight modi-
fications.!3 Lipase (50 mg) was added to 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 p-hydroxybenzoic acid (PHBA) released was titrated by
adding 0.1 mol L"! of sodium hydroxide to the reaction medium. One unit (1 IU) of hydrolytic
activity corresponds to 1 umol 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/LCPT29

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
cm~! (C=0 stretching vibration) attributed to the carbonyl group of the aldehydic
function.2% In the lipase-based membrane spectrum, this peak exhibits a slight
shift, suggesting the involvement of glutaraldehyde-derived aldehydes in a chem-
ical reaction. Furthermore, the peaks recorded around 1650 and 1540 cm! can be
attributed to amide I (C=0 stretching vibration) and amide II (C—N stretching and
N-H bending), respectively, which are characteristic of proteins.2” 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 con-
sumed during the cross-linking reaction with the amino groups of BSA and the
enzyme.
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Fig. 1. FT-IR spectra of GA, BSA, and the prepared biomembrane GA/BSA/LCPT29.

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 cross-linking. These interactions likely involve Schiff base form-
ation and/or imine bond generation between aldehyde groups of GA and amino
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groups of proteins.?8 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.2® The FT-IR spec-
trum (Fig. 1) also shows a broad absorption between 3000 and 3400 cm!,
indicating O—H and N—H bonds stretching vibrations,30 reflecting the presence of
hydrophilic groups and bound water. These spectral characteristics together con-
firm the successful chemical integration of BSA and lipase within the GA-cross-
-linked membrane.28 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 in the spectrum could be
attributed to overlap with the intense region of amide I and the low intrinsic int-
ensity of this feature in complex protein matrices.

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 300x
were recorded to further examine the surface changes before and after immersion
(Fig. 2a’ and b").

Fig. 2. SEM analysis of the platinum electrode coated with an LCPT29-based biomembrane: a
and b — before; ¢ and d — after immersion in PHB using CBS images at 80x and 600x. Insets:
ETD images at 300x before and after immersion (a’ and b’, respectively).
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SEM analysis (Fig. 2a and b) revealed homogeneous and stable adhesion of
the biomembrane to the platinum electrode surface after deposition. The mor-
phology 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 mem-
brane pores, suggesting adsorption and/or accumulation of products resulting from
the enzymatic hydrolysis of the analyte. Furthermore, ETD images (Fig. 2a’ and
b’) confirm the surface modification before and after immersion. These obser-
vations are consistent with data from the literature!3 and highlight the essential
role of porosity in the diffusion of the analyte.

Cyclic voltammetry (CV) analysis

The SEM analysis was then validated by electrochemical characterization of
the biomembrane after its deposition on the working electrode. For this purpose,
CV, as a widely used technique in biosensing,31:32 was employed to characterize
the surface of a platinum electrode33 before and after biomembrane deposition.
Measurements were performed in a 5 mmol L~ [Fe(CN)g]3/4~ solution prepared
in 10 mol L~ PBS buffer (pH 7.4), with a scanning potential from —0.7 to 0.7 V
at25mV s,

The voltammograms illustrated in Fig. 3a—b show two well-defined anodic
and cathodic peaks, indicating a quasi-reversible redox process. The bare electrode
(Fig. 3a) exhibits the highest peak currents, indicating rapid electron transfer, while
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Fig. 3. Cyclic voltammograms recorded for bare and modified electrodes (a and b,
respectively), using 5 mmol L-! [Fe(CN)4]*+ in 10 mmol L-! PBS buffer (pH 7.4)
at a scan rate of 25 mV s’
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their decrease (Fig. 3b) after modification confirms the formation of a bioactive
layer that limits access to the redox probe, without, however, completely blocking
electron transfer.34:35

Evaluation of enzymatic activity

In this study, enzymatic hydrolysis of PHB was performed to evaluate the
hydrolytic activity of 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.
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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 toward the hydrolysis of PHB (4359
IU) and a higher specific activity than previously described enzymes (Table I),
highlighting its potential as a novel bioreceptor in a sensitive PHB biosensor.

Optimization of biosensor response

Scan rate effect. To investigate the scan rate dependence and diffusion-con-
trolled kinetics of the modified electrode, the [Fe(CN)g]3~4 redox couple was
used as a standard quasi-reversible electrochemical probe. CV measurements of the
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TABLE I. Comparison of the specific activity of LCPT29 with that of certain enzymes des-
cribed in the literature, during the hydrolysis of PHB;LPP: lipase from porcine pancreas; PrbA:
esterase from Enterobacter cloacae strain EM; rAoPrbA: Aspergillus oryzae esterase

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 32
rAoPrbA 0.280+0.029 33

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)g]3~/4 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 ¢/,
ratio close to unity (1.03 at 100 mV s~!, Table II) indicate quasi-reversible behavior.
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Fig. 5. Cyclic voltammograms of the modified electrode at scan rates from 25 to 200 mV s-!
over —0.7 t0 0.7 V vs. Ag/AgCl, using 5 mmol L' [Fe(CN)¢]>”* in PBS buffer (10 mmol 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.

The kinetic study of the effect of the scan rate on the anodic and cathodic peak
currents (I, and /p,c) showed a linear relationship between the peak currents and
the square root of the scan rate (inset of Fig. 5):

Ipa = 0.0276v12+0.0468  r=0.9974 (1)
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Ipe =—0.0231v12-0.0458  r=0.9968 )

indicating a diffusion-controlled process.3® The second inset of Fig. 5 reveals a
linear dependence of Ejp, and Epc on the logarithm of the scan rate, as well as an
increase in AEj, (Table II), confirming the quasi-reversible nature of the system. 13

TABLE II. Current and potential peaks analysis parameters recorded for the modified platinum
electrode at different scan rates

Scan rate, mV s’! I,/mA I./mA |[/I,] E,/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

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 10-14 to 104 mol L-1) to 100 mL of an electrolyte composed
of 5 mol L1 of [Fe(CN)¢]374 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)g]3/4~. The negligible variation observed during
these cycles confirmed the achievement of a stable and reproducible electrochem-
ical response, thus ensuring reliable baseline conditions for subsequent calibration
experiments. This behavior also suggests the absence of significant electrode sur-
face 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 (|/,c[) 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 concentration. According to
these results, this linear relationship was observed over the concentration range
from 10-14 to 10-8 mol L-! (Eq. (3)). In contrast, nonlinearity between the current
and the concentration was observed up to 10~8 mol L1, which could be due to
saturation of the active sites on the surface of the biosensor:13

I, = 0.0327log C+0.4908  r=10.991 3)
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According to this analytical curve, the LCPT29-based biosensor demonstrated
significant sensitivity (0.0327 mA L mol~!) with a limit of detection (LOD) of 10~
14 mol L-1. 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 1.0x10°14 10-14-10-8 8.0 This work
2 3.7x10°13 10-14-10° 7.4 13
3 1.1x107 2.7 x10%-1.07x1077 6.0 39
4 8.0x10-8 2.0x10-6 —20.0x10¢ 7.0 40

Effect of pH and temperature. pH and the temperature of the reaction medium
are physicochemical 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.*!-44 It has been shown that, in the case of
enzymes such as lipases, optimizing these two parameters is essential to ensure
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their stability and maximize their enzymatic activity. Bacterial lipases are gen-
erally active in media with a wide pH range, from 3 to 12, and are thermostable
between 30 and 60 °C.#5 These two parameters can also affect the response of a
biosensor in terms of stability, and their optimization is therefore essential.46

For this purpose, we investigated the influence of these two physicochemical
parameters on the response of the developed biosensor in order to 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
Fig. 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 peak
current versus pH and temperature (Fig. 7a and b, respectively).

0,35 0,35
< 03 (a) 0a (b)
£ 0,25 EO’ZS
£ 02 = 02
(0] c
£ 0,15 @ 0,15
3 £
0.1 a o1
0,05 0,05
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Fig. 7. Scatter plots of the current response 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 peak current 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.47

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 sig-
nificant decrease is observed, which could be attributed to enzyme denaturation or
biomembrane degradation,*8 consistent with previous studies.!6:49

Stability and selectivity of the biosensor

The stability of the LCPT29-based biosensor was studied by subjecting the
modified working electrode to fourteen successive cycles until the response
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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 res-
ponse over successive cycles. Significant stability of the developed biosensor was
observed, with a relative standard deviation (RSD) of 0.37 % (<5 %). The select-
ivity of the developed biosensor was also evaluated by comparing different pot-
ential interfering substances (a-tocopherol, glycerol, phenol, bisphenol A and cre-
sol). a-Tocopherol and glycerol are frequently used in some industrial cosmetic
formulations.>0:3! Phenol, bisphenol A and cresol were included among the relev-
ant environmental pollutants frequently detected in industrial effluents and waste-
water.52:53 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.
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Real sample validation of PHB

In order to evaluate the LCPT29-based biosensor’s performance in real mat-
rices, recovery experiments were carried out using tap water and river water
samples spiked with different known concentrations (from 108 to 10-11 mol L-1)
of the target analyte (PHB). The analyte concentrations in the real samples were
determined using the calibration curve previously established with standard sol-
utions by cyclic voltammetry (Eq. (3)), and the recovery values were calculated:>4
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Cadded

where Cround and Cagdeq denote the concentrations of analyte determined in the
spiked sample and the added analyte, respectively.

As shown in Table IV, recovery rates between 90 and 97 % were obtained for
both matrices tested, demonstrating the good accuracy of the LCPT29-based bio-
sensor for the analysis of real samples. These values are within the generally
accepted range (70—120 %) for trace analysis in complex matrices,>435 suggesting
a limited matrix effect. The low RSD values (< 5 %) confirm the biosensor’s good
accuracy and repeatability. Overall, the results show that the method is reliable and
suitable for analyzing the samples studied, thus confirming the applicability of the
proposed biosensor to real-world sample analysis.

TABLE IV. Recovery (%) of PHB in tap and river water samples measured using the developed
LCPT29-based biosensor. Blank (0 M) corresponds to unspiked samples. Results are based on
three replicate measurements (n = 3)

Sample Cadded / mol L1 Ciound / mol L7 Recovery, % RSD /%

Tap water 0 - - -
108 10803 93.5 1.43
107 107902 94.8 1.06
1010 10-10-02 95.9 1.98
101 10-11.01 97.3 2.52

River water 0 - - -
108 10-8.04 90.8 1.50
107 107902 95.3 1.05
1010 10-10.04 91.4 2.10
10-11 10-11.03 94.0 2.46

CONCLUSION

In this work, a native, detergent-stable lipase from the Actinomadura Keratin-
ilytica CPT29 strain was deposited onto a platinum working electrode for the env-
ironmental detection of organic pollutants. The formation of the membrane net-
work was confirmed by FT-IR spectroscopy and cyclic voltammetry (CV), demon-
strating successful deposition on the platinum electrode. Under optimal experi-
mental 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 sen-
sitivity compared to our previous study using a commercial lipase. The results
obtained in this study are satisfactory, and the successful recovery of PHB from
real water samples demonstrated the practical applicability of the biosensor, which
has encouraged us to consider further work to more precisely evaluate its perform-
ance in different media and with different analytes, with the aim of enabling large-
scale multisensory detection.
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U3BOJ

BOJITAMETPHUJCKO UCITUTUBAE IINIATUHCKOT BUOCEH30PA CA JIMITA30M CPT29
U3 BAKTEPWIJE Actinomadura keratinilytica YHAKPCHO ITOBE3AHOM ITOMORY GA/BSA
U CTABUJIHOM HA OETEPTEHTE

SELMA BOUNOUR!, FATIHA BENAMIA', NOURA SEMACHE!, SAIDA ZOUGAR? RAHMA BENYAHIA?,
NOUREDDINE DADDA? i ALI LADJAMA*

"Laboratory of Applied Organic Chemistry, Chemistry Department, Faculty of Sciences, Badji Mokhtar
University, P.O. Box 12, 23000 Annaba, Algeria, *Laboratory of Environmental Engineering, Process
Engineering Department, Faculty of Technology, Badji Mokhtar University, P.O. Box 12, 23000, Annaba,
Algeria, 3Laboratory of Synthesis and Organic Biocatalysis, Chemistry Department, Faculty of Sciences,
Badji Mokhtar University, P.O. Box 12, 23000 Annaba, Algeria u *Laboratory of Applied Biochemistry
and Microbiology, Biochemistry Department, Faculty of Sciences, Badji Mokhtar University, P.O. Box 12,
23000, Annaba, Algeria

OBa cTynuja onucyje umodunusaurjy HatusHe nunase (LCPT29) u3 coja Actinomadura
keratinilytica CPT29, U30/10BaHOI M3 ’KUBMHCKOI KOMIIOCTA y CEBEPOUCTOUHOM AJDKUDY, Y
CBPXY IeTeKlHje ecTapCcKuX 3arahrBaya y BOIEHOj CpeIUHU. Y Ty CBPXY, OBa JIMMa3a cTaduimHa
y leTepreHTiMa MMOOWIN30BaHa je Ha IVIaTMHCKY el1eKTpoAy Momohy IinyTapanjexuja Kao
YHAKPCHOT Be3uBa, y nMpucycTsy roseher cepymcxor andymuna (BCA). IlpunpemsbeHa €eH3UM-
cxa memOpaHa kapakTepucaHa je nomohy FT-IR cnexrpockonuje, uume je norspherHo hbopmu-
pame BheHe Mpexe, Kao U BheHO HaHOLIehe Ha IVIaTUHCKY eleKTPOAYy KpO3 MPOLIeHY eleKTpo-
XEMHjCKUX NMpoMeHa nomohy LUKIWYHe BonTaMeTpuje. EpukacHOCT pagHe enexTpone odio-
YKeHe YHaKPCHO N0BEe3aHOM €H3MMCKOM MeMOpaHOM eIeKTPOXEeMHUjCKH je MpoliemheHa JeTek-
ujoM mponui-4-xunpokcrudensoata (PHB) kao monen-aHanuTa. [log onTHManHUM yCI0BUMa
U TIpH NIPUMEHEHOM noTeHnujany of —250 mV npema Ag/AgCl duocensop Ha dasu LCPT29
T0Ka3ao je TMHEeapaH Ofi3UB Y orcery Kouuenrpauuja og 1071 o 108 mol L~ (r = 0,991), ca
rpanunom petexuuje ox 1071 mol L~!. BuoceHsop je mokaszao Bucoky ocersusoct (0,0327 mA
L mol™), nobpy cradunuoct (RSD = 0,37 %) u 3HAYajHY CEIEKTUBHOCT, K0 U MOTyhHOCT aHa-
nuse Tparosa PHB y peanHum y3opuuma Bofie, LITO 0Ka3yje Heros MoTeHNIKjal 3a NPakTHYHY
NPUMEHY.

(ITpumrbeno 7. mapTa, peBuaupano 17. anpuna, npuxsaheno 23. jyna 2026)
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