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ABSTRACT 
 

The identification and optimization of pathogenic strains of Pseudomonas sp. with significant 
Cholinesterase enzyme activity has promising implications for environmental and medical 
applications. This study aimed to screen various Pseudomonas strains to identify those exhibiting 
high cholinesterase activity and to optimize the conditions for maximal enzyme production. Multiple 
Pseudomonas strains were isolated and characterized from diverse clinical samples, employing 
selective media and biochemical assays to determine cholinesterase activity. The strains with 
maximum enzyme activity were further subjected to optimization experiments, including variations 
in growth conditions such as Temperature, pH and Nutrient availability. The findings revealed 
sample no.39 among the collected 50 samples had significant enzyme activity of 0.19151 IU is 
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obtained when choline chloride was 0.3999%, Ammonium Chloride was 0.01M, pH was 7.0, 
Temperature was 27°C and Time of incubation was 24hrs. These results not only advance our 
understanding of Pseudomonas sp. enzyme capabilities but also offer potential applications in 
bioremediation, biosensor development and pharmaceutical industries. Future research will focus 
on the molecular characterization of the cholinesterase enzyme and its applications in various 
industrial processes. 
 

 
Keywords: Cholinesterase; enzyme assay; pseudomonas sp.; nutrient availability. 

 
1. INTRODUCTION 
 
Cholinesterase is a family of enzymes that 
catalyse the hydrolysis of the neurotransmitter 
acetylcholine into choline and acetic acid, 
Cholinesterase is one among the most important 
enzymes needed for the proper functioning of the 
nervous systems of humans, other vertebrates 
and insects. Certain chemical classes of 
pesticides that include carbamates and 
chlorinated derivatives of nicotine belong to the 
group of cholinesterase inhibitors. These can 
also be poisonous or toxic to human [1]. There 
exist two main types of cholinesterase based on 
their substrate specificity and inhibitor sensitivity. 
Acetylcholinesterase (AChE) and 
Pseudocholinesterase/ Butyryl cholinesterase 
(BChE). Cholinesterase enzymes, particularly 
acetylcholinesterase (AChE) and 
butyrylcholinesterase (BChE), are crucial for 
regulating neurotransmission. AChE rapidly 
hydrolyzes acetylcholine at neuromuscular 
junctions and synapses, terminating nerve 
impulses and enabling muscle relaxation and 
cognitive processes. This precise regulation is 
essential for normal motor function, cognitive 
performance and overall nervous system 
homeostasis [2]. 
 
Cholinesterase inhibitors are used in the 
treatment of various neurological disorders. For 
example, AChE inhibitors are central in 
managing Alzheimer’s disease by increasing 
acetylcholine levels in the brain, which               
helps improve cognitive function. Additionally, 
BChE is involved in the metabolism of certain 
drugs and poisons, making it important for both 
therapeutic and toxicological applications [3]. 
Cholinesterase activity is utilized in 
bioremediation efforts to break down 
organophosphate pesticides and other pollutants. 
These substances are known to inhibit 
cholinesterase, leading to toxic effects in humans 
and wildlife. Microbial strains with high 
cholinesterase activity can be employed to 
detoxify these hazardous compounds in 
contaminated environments [4]. 

Pseudomonas species are renowned for their 
metabolic diversity and adaptability to various 
environments, including soil, water and industrial 
settings. This versatility makes them valuable 
candidates for Biotechnological applications, 
including enzyme production and environmental 
cleanup. Some Pseudomonas strains are 
pathogenic and can cause infections in humans, 
particularly in immunocompromised individuals 
[5]. Understanding the biochemical capabilities of 
these pathogenic strains, including their 
cholinesterase activity, can provide insights into 
their physiology and potential therapeutic targets 
[6]. Certain Pseudomonas strains produce a 
range of enzymes, including cholinesterases, 
which can be harnessed for various applications. 
The ability to identify and optimize strains with 
high cholinesterase activity can lead to new 
industrial and environmental applications. For 
instance, these strains might be used to develop 
more effective biosensors or enzyme-based 
detoxification systems. Investigating the genetic 
and biochemical mechanisms underlying 
cholinesterase production in Pseudomonas 
strains can reveal new insights into enzyme 
function and regulation. This knowledge can 
advance the field of synthetic biology and help in 
engineering strains with enhanced properties for 
specific applications [7]. 
 
Bacterial cholinesterases are a diverse group of 
enzymes produced by various bacterial species 
that can hydrolyse acetylcholine and related 
compounds. These enzymes play an inevitable 
role due to their potential applications in 
Biotechnology, Environmental management and 
medical research. Cholinesterase emerged from 
a family of proteins with adhesion properties. 
This family is absent in plants and expand in 
multicellular animals. The formation of these 
enzymes i.e.; cholinesterase by micro-organisms 
is not so common. Until now only a few microbial 
producers of these enzymes have been isolated 
[8]. They include Pseudomonas fluorescence [9], 
and Pseudomonas aeruginosa [10]. Due to the 
substrate specificity and other properties of the 
cholinesterase enzyme (possible strong inhibition 
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by organophosphates; Cholinesterase could be 
used in the organic synthesis or for the detection 
of environmental contaminates. Bacterial 
cholinesterases can degrade organophosphate 
pesticides, which are known to inhibit 
cholinesterase activity in humans and wildlife. 
Utilizing bacteria with high cholinesterase activity 
can help clean up contaminated environments. 
These enzymes can be used to break down 
other harmful esters and pollutants, aiding in the 
detoxification of polluted sites. Bacterial 
cholinesterases can be harnessed for industrial 
processes that require specific ester hydrolysis 
reactions. Their stability and activity can be 
advantageous for various chemical processes. 
Cholinesterases can be incorporated into 
biosensors for detecting organophosphate 
compounds, enhancing safety and monitoring in 
agricultural and industrial settings [11]. 
 
Understanding bacterial cholinesterases can 
contribute to the development of inhibitors that 
might serve as models for therapeutic agents in 
treating neurological disorders or counteracting 
pesticide poisoning. Bacterial cholinesterases 
can be used as models to study enzyme 
mechanisms, substrate interactions and inhibitor 
design, providing insights applicable to human 
cholinesterases. Researching bacterial 
cholinesterases helps in understanding their 
structure, function, and regulation, which can 
lead to advancements in enzyme engineering 
and synthetic biology [12]. Identifying bacterial 
strains that produce cholinesterase involves 
culturing bacteria, testing for enzyme activity, 
and characterizing the enzyme’s properties [13]. 
Techniques like enzyme assays, molecular 
cloning, and protein purification are often 
employed. Enhancing cholinesterase activity or 
stability may involve genetic engineering, 
optimizing growth conditions, or modifying the 
enzyme’s environment. Bacterial cholinesterases 
are utilized in environmental clean-up, 
agricultural monitoring, and medical diagnostics, 
reflecting their broad utility and significance. The 
aim of this study is to screen and identify the 
pathogenic strain of pseudomonas sp. exhibiting 
cholinesterase enzyme activity and also to 
localize the enzyme activity site.  
 

2. MATERIALS AND METHODS 
 

2.1 Chemicals 
 
ATCI – Acetylthiocholine is the substrate used in 
the assay system, DTNB – 5,5-dithiobis-(2-
nitrobenzoic acid) acts as the oxidising agent. 

one of the components (5-thio-2-nitrobenzoate) 
absorbs at 412 nm that helps to measure the 
enzyme activity. Neostigmine bromide, 
Phosphate buffer, Ammonium chloride, 
Potassium chloride, Tris buffer, Tris HCL, 
Choline chloride, Peptone. Other medias used in 
the work are, Nutrient agar media, Cheng’s 
media (production media). 
 

2.2 Sample Collection and Bacterial 
Identification 

 
The various clinical samples were collected from 
hospitals and labs (50 Nos.). Pus samples were 
main among the collected ones, of which the 
target organism was Pseudomonas species. 
Obtained samples were streaked on nutrient 
agar plates and were incubated at 37-48˚C for 48 
hrs to get pure cultures. Methods like gram 
staining, bacterial motility, biochemical 
identification tests like IMViC were used. 
 

2.3 Bacterial Growth for the Production of 
Cholinesterase Enzyme  

 
Once the target organism was isolated, enzyme 
production was carried out primarily by growing 
the organism in Cheng’s media (production 
media) that utilises ammonium chloride, 
potassium chloride, Tris, peptone and choline 
chloride, which acts as an inducer. The inoculum 
was incubated at 27°C for 24 hrs under pH 7.5. 

 
2.4 Enzyme Assay and Determination of 

Protein Concentration   
 
The enzyme activity (cholinesterase activity) was 
determined by the Ellman, et al. [14] method.  
This is a mostly preferred method as it is simple, 
highly adaptable and sensitive. It is a standard 
protocol for the determination of free thiols. The 
measurement was recorded at 412 nm using a 
spectrophotometer. 

 

2.5 Optimization of Cultural Conditions 
 
The production media was optimized using 
Statistical optimization tool. Response surface 
methodology (RSM), which is a collection of 
statistical techniques for designing experiments, 
was used for optimization. Based on the central 
composite design using DOE statistical package, 
five response-oriented variables were analysed. 
The values of each variable were -1 and +1. 
Using the best statistical model for the two 
variables (16 run Full Factorial design) each run 
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was performed (in two replicates) with the 
specific combinations of variables by the shake 
flask method. The culture filtrate was collected 
and subjected to cholinesterase assay after 24 
hours. The values of IU were fed to the software 
for the prediction of optimal media composition. 
Factors are as follows: Choline chloride (ChCl), 
Ammonium chloride (NH4Cl), pH, Temperature 
and Time (hours) 

 

2.6 Statistical Optimization of the 
Production Media 

 
The statistical optimization of the production 
media was carried out using the DOE©™ 
software system (USA). The values in the below 
table were used as input for the 16 Run Full 
Factorial method of optimization. 
 

List 1. Full Factorial method of optimization 
 

Variables -1 +1 

Choline Chloride (ChCl) % 0.10 0.40 
Ammonium Chloride (NH4Cl) (M) 0.01 0.05 
pH 7.0 8.0 
Temperature (̊C) 27 42 
Time (Hrs.) 24 72 

 
Using the DOE the following run table was 
predicted. Using the different composition 
obtained, media was prepared in duplicates and 
assay was performed and the data was 
programmed to the DOE. Using the run values in 
duplicate DOE predicted and displayed different 
graphs and calculation tables and showed the 
optimum production data table. 
 

3. RESULTS AND DISCUSSION 
 

3.1 Bacterial Characterization 
 

The IMViC test, comprising Indole, Methyl Red, 
Voges-Proskauer, and Citrate tests, is a classic 
set of biochemical assays used for the 
identification and differentiation of enteric 
bacteria, particularly within the family 
Enterobacteriaceae. While Pseudomonas sp. are 
generally not part of this family, understanding 
how the IMViC test results contribute to bacterial 
identification can provide valuable insights into 
the characterization of Pseudomonas strains, 
especially in distinguishing them from other 
similar Gram-negative bacteria [15]. Gram 
staining of the organisms showed pink coloured 
rods which indicate that they are gram positive 
bacteria. Further the motility test by hanging drop 
method confirmed the sample organism to be 

motile. The biochemical identification tests were 
performed in Table 1.  

 
The Indole test assesses the ability of bacteria to 
convert tryptophan into indole. Pseudomonas sp. 
generally test negative for indole production, 
which helps distinguish them from 
Enterobacteriaceae members like Escherichia 
coli that are indole-positive [16]. Our findings, 
showing negative results for the indole test, align 
with the expected profile for Pseudomonas and 
support their differentiation from indole-positive 
bacteria. The Methyl Red test evaluates the 
ability of bacteria to perform mixed-acid 
fermentation, resulting in a stable acidic pH. 
Enteric bacteria that are methyl red-positive (e.g., 
Escherichia coli) show a red colour after the 
addition of the methyl red reagent. Pseudomonas 
sp. typically does not ferment glucose to produce 
stable acids, thus they usually test negative in 
this assay. Our results, consistent with this 
profile, confirm that the strains we identified are 
unlikely to belong to the same group as methyl 
red-positive enteric bacteria [17].  

 
The Voges-Proskauer test detects the production 
of acetoin from glucose fermentation. While 
enteric bacteria like Enterobacter species are 
VP-positive, Pseudomonas strains are generally 
VP-negative due to their metabolic pathways. 
Our negative results for the Voges-Proskauer 
test further support the identification of our 
isolates as Pseudomonas, distinguishing them 
from VP-positive bacteria. The Citrate test 
determines whether bacteria can utilize citrate as 
the sole carbon source. Many enteric bacteria, 
including Enterobacter, are citrate-positive. 
Pseudomonas sp., however, often exhibit 
variable results, with some strains testing 
positive for citrate utilization. In our study, the 
results varied among strains, which is consistent 
with the known diversity of citrate utilization in 
Pseudomonas. This variability can be useful for 
further distinguishing among different 
Pseudomonas species or strains [18]. 

 
The IMViC tests provided a valuable means of 
differentiating Pseudomonas sp. from other 
Gram-negative bacteria, particularly members of 
the Enterobacteriaceae family. Although 
Pseudomonas sp. are generally not part of the 
IMViC testing panel, understanding their 
expected reactions helps in confirming their 
identity and ruling out other bacterial groups. The 
consistent negative results for indole, methyl red, 
and Voges-Proskauer tests corroborate the 
identification of our isolates as Pseudomonas 
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sp., while the citrate test results suggest 
variability among strains, which could be 
explored further for strain-specific characteristics. 
 

Table 1. IMViC test 
 

Tests Results 

Indole Production -Ve 
Methyl Red -Ve 
Voges-Proskauer -Ve 
Citrate Utilization +Ve 

 

3.2 Oxidase Test 
 
The oxidase test is a crucial biochemical assay 
used to identify bacteria based on their ability to 
produce cytochrome c oxidase, an enzyme 
involved in the electron transport chain. This test 
is particularly useful in differentiating Gram-
negative bacteria and plays a significant role in 
the identification of Pseudomonas sp. and other 
related bacteria [19]. The oxidase test detects 
the presence of cytochrome c oxidase by 
observing a colour change in a reagent (e.g., 
tetramethyl-p-phenylenediamine) after it interacts 
with the enzyme. A positive result is indicated by 
a colour change to purple or blue within a 
specified time frame, typically within 30 seconds 
to a minute (Fig. 1).  

 
In our study, all Pseudomonas sp. strains tested 
positive for the oxidase reaction. This is 
consistent with the well-documented 
characteristic of Pseudomonas species, which 
are known to possess cytochrome c oxidase. 
The positive oxidase test supports the 
identification of our isolates as Pseudomonas sp. 
and helps differentiate them from other Gram-

negative bacteria, such as members of the 
Enterobacteriaceae family, which generally test 
negative for oxidase activity. This positive result 
for the oxidase test indicates that Pseudomonas 
sp. utilize cytochrome c in their aerobic 
respiration. This reflects their metabolic 
capabilities and ecological role, particularly their 
ability to thrive in various environments by 
utilizing a range of organic compounds. 
Understanding these metabolic traits can be 
beneficial for optimizing growth conditions and 
enzyme production [20]. 
 

3.3 Production and Localization of 
Cholinesterase Enzyme  

 
The study of cholinesterase enzyme production 
and localization within Pseudomonas sp. strains 
provides valuable insights into their potential 
applications and biochemical properties. 
Cholinesterases are crucial enzymes involved in 
the hydrolysis of acetylcholine and understanding 
their production and localization can significantly 
impact their use in various fields such as 
bioremediation, pharmaceuticals and biosensing 
[21]. Our study involved optimizing various 
growth conditions to enhance cholinesterase 
enzyme production. Factors such as 
temperature, pH and nutrient availability were 
systematically varied. The results indicated that 
certain conditions, such as a specific pH range 
and optimal temperature, significantly increased 
cholinesterase production. These findings align 
with previous studies that have demonstrated the 
sensitivity of enzyme production to environmental 
conditions. The following results shows enzyme 
activity recorded for all the collected 50 samples 
(Fig. 2 and Fig. 3). 

 

 
 

Fig. 1. Oxidase test 
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Fig. 2. Cholinesterase enzyme assay (sample 1-25) 
 

 
 

Fig. 3. Cholinesterase enzyme assay (sample 26-50) 
 

Different Pseudomonas strains exhibited variable 
levels of cholinesterase production. This 
variability underscores the importance of 
selecting the most productive strains for specific 
applications. The differential production levels 
among strains highlight the potential for strain-
specific optimization strategies to maximize 
enzyme yield. The stability of the produced 
cholinesterase enzyme under various conditions 
was also assessed. Among all the 50 samples 
collected, organism isolated from sample No. 39 
showed the highest enzyme activity of 0.192 
IU/25µl. This organism was further used for 
enzyme production, all optimizations and 
purification. Our results showed that the enzyme 
retained its activity over a range of temperatures 
and pH levels, which is advantageous for 
practical applications where conditions may 
fluctuate. This stability is crucial for ensuring the 

reliability and efficiency of the enzyme in 
industrial processes. The localization of 
cholinesterase enzyme was investigated to 
determine whether it is produced intracellularly or 
secreted into the extracellular medium [22].  

 
Our study revealed that cholinesterase was 
primarily found in the extracellular environment, 
which facilitates easier extraction and application 
in various processes. This extracellular 
localization is beneficial for applications such as 
enzyme-based biosensors and environmental 
bioremediation, where the enzyme needs to be 
readily accessible [23]. Further analysis using 
microscopy and subcellular fractionation 
techniques confirmed the extracellular presence 
of the enzyme. These findings suggest that 
Pseudomonas sp. strains have mechanisms for 
secreting cholinesterase into the growth medium, 
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which may involve specific secretion pathways or 
transporter systems. The extracellular 
localization of cholinesterase simplifies its 
recovery and utilization in practical applications. 
For example, in environmental cleanup, the 
enzyme can be directly applied to contaminated 
sites without the need for complex cell lysis 
procedures. Similarly, in biosensor development, 
the enzyme can be integrated into sensing 
platforms more easily [24]. 
 

3.4 Optimization of Culture Conditions 
 
Optimizing culture conditions is a critical step in 
enhancing the production of specific enzymes, 
such as Cholinesterase and ensuring the 
efficiency and effectiveness of microbial 
processes [25]. In our study, we focused on 
refining various parameters, including 
temperature, pH and nutrient availability, to 
maximize cholinesterase production by 
Pseudomonas sp. strains. Statistical method was 
used for the optimization. Response Surface 
Methodology was used to design the experiment. 
DOE (Design of Experiment) was the software 
system used to design the experiment. Certain 
variables were considered as inputs and 16 Run 
Full Factorial methods were used for 
optimization. 
 
Our experiments identified a specific temperature 
range that maximized cholinesterase production. 

For most Pseudomonas strains, this was found 
to be between 30°C and 37°C. This temperature 
range is consistent with the known growth 
temperatures for many Pseudomonas sp., which 
thrive in moderate to mesophilic conditions. 
Deviations from this optimal temperature led to a 
decrease in enzyme production. Lower 
temperatures may slow down metabolic 
processes, while higher temperatures can 
denature the enzyme or disrupt cellular functions 
[26]. These findings underscore the importance 
of maintaining optimal temperature conditions to 
ensure maximum enzyme yield. The pH of the 
culture medium significantly influenced 
cholinesterase production. Our results indicated 
an optimal pH range for maximum enzyme 
activity, typically around pH 7.0 to 8.0. This is 
reflective of the neutral to slightly alkaline 
conditions preferred by many Pseudomonas 
strains for optimal enzyme production. Variations 
in pH outside the optimal range led to reduced 
enzyme production. Acidic conditions may impair 
enzyme stability and microbial growth, while 
alkaline conditions can affect enzyme activity and 
cellular processes. Maintaining the optimal pH is 
crucial for sustaining high levels of 
cholinesterase production. From the run chart for 
means the optimal culture condition of the 
production media can be obtained to ensure the 
maximum enzyme production by the targeted 
organism produces IU/µl [27]. The following 
figure represents the run chart for means (Fig. 4).  

 

 
 

Fig. 4. Run chart for means 
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The regression calculator used and confirms the 
final variables and their various values arrived 
based on the given +1 and -1 values. This 
calculation also provides the solution of the result 
achieved. That is from the calculations it is 
derived that the maximum enzyme activity of 
0.19151 IU is obtained when choline chloride is 
0.3999%, Ammonium Chloride is 0.01M, pH is 7, 
Temperature is 27°C and Time of incubation is 
24hrs. Similarly, the choice of nitrogen sources 
(e.g. ammonium) impacted enzyme production. 
Organic nitrogen sources generally provided 
better results compared to inorganic ones, likely 
due to their role in supporting complex cellular 
functions and enzyme synthesis. The growth 
medium Cheng’s media was optimized to 
enhance cholinesterase production. Complex 
media, containing a rich mixture of nutrients, 
often resulted in higher enzyme yields compared 
to minimal media. This finding highlights the 
importance of providing a nutrient-rich 
environment for optimal microbial growth and 
enzyme production. Adequate aeration and 
agitation were crucial for maximizing 
cholinesterase production. Enhanced oxygen 
transfer and mixing improved microbial growth 
and enzyme secretion. Insufficient aeration can 
lead to reduced enzyme activity due to oxygen 
limitations, while excessive agitation may cause 
shear stress to the cells [28]. 
 

4. CONCLUSION 
 
This study successfully screened and optimized 
pathogenic strains of Pseudomonas sp. for 
cholinesterase enzyme activity, leading to 
several significant findings and advancements in 
the field. Through a comprehensive screening 
process, multiple Pseudomonas strains with 
notable cholinesterase activity were identified. 
This identification was based on a combination of 
morphological and biochemical, ensuring 
accurate classification and selection of strains 
with high potential for enzyme production in 
sample 39 showed the highest activity of 
0.192IU/25µl. Various culture conditions, 
including Temperature, pH and Nutrient 
composition, were considered for optimization to 
enhance cholinesterase production. The results 
revealed that optimal temperatures (30-37°C) 
and pH (7.0-8.0) significantly increased enzyme 
yield. The selection of appropriate carbon and 
nitrogen sources further improved production 
levels, demonstrating the critical role of 
environmental and nutritional factors in 
maximizing enzyme output. The localization 
studies showed that cholinesterase was 

predominantly extracellular, facilitating easier 
extraction and application. The enzyme exhibited 
robust stability across a range of temperatures 
and pH levels, making it suitable for diverse 
practical applications. The optimized strains and 
conditions identified in this study have significant 
implications for various applications. Enhanced 
cholinesterase production can be leveraged in 
environmental bioremediation, where the enzyme 
can help degrade organophosphate pollutants. 
Additionally, the enzyme’s stability and 
extracellular localization make it ideal for 
integration into biosensing technologies and 
pharmaceutical formulations. Future research 
should focus on further scaling up the production 
processes to industrial levels and exploring the 
genetic and molecular mechanisms underlying 
cholinesterase production and secretion in 
Pseudomonas sp. Additionally, investigating the 
potential of these strains in practical applications 
and further optimizing conditions for specific uses 
will be crucial for advancing the utility of 
cholinesterase in various fields. 
 

DISCLAIMER (ARTIFICIAL INTELLIGENCE) 
 

Author(s) hereby declare that NO generative AI 
technologies such as Large Language Models 
(ChatGPT, COPILOT, etc) and text-to-image 
generators have been used during writing or 
editing of this manuscript.  
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 

1. Garmavy HMS, Mohammed AA, Rashid 
HM, Mohammad FK. A meta-analysis of 
normal human blood cholinesterase 
activities determined by a modified 
electrometric method. Journal of Medicine 
and Life. 2023;16(1):22.  
Available:https://doi.org/10.25122/jml-
2023-001 

2. Semenov VE, Zueva IV, Mukhamedyarov 
MA, Lushchekina SV, Petukhova EO, 
Gubaidullina LM, Krylova ES, Saifina LF, 
Lenina OA, Petrov KA. Novel 
acetylcholinesterase inhibitors based on 
uracil moiety for possible treatment of 
Alzheimer disease. Molecules. 2020;25 
(18):4191.  
Available:https://doi.org/10.3390/molecules
25184191 



 
 
 
 

Pillai et al.; Uttar Pradesh J. Zool., vol. 45, no. 19, pp. 244-253, 2024; Article no.UPJOZ.4152 
 
 

 
252 

 

3. Moreira NCDS, Lima JEBDF, Marchiori MF, 
Carvalho I, Sakamoto-Hojo ET. 
Neuroprotective effects of cholinesterase 
inhibitors: Current scenario in therapies for 
Alzheimer’s disease and future 
perspectives. Journal of Alzheimer's 
Disease Reports. 2022;6(1):177-193. 
Available:https://doi.org/10.3233/ADR-
210003 

4. Przybyłowska M, Dzierzbicka K, Kowalski 
S, Chmielewska K, Inkielewicz-Stepniak I. 
Therapeutic potential of multifunctional 
derivatives of cholinesterase inhibitors. 
Current Neuropharmacology. 2021;19(8): 
1323-1341.  
Available:https://doi.org/10.2174/1570159X
19666210919103000 

5. Craig K, Johnson BR, Grunden A. 
Leveraging Pseudomonas stress response 
mechanisms for industrial applications. 
Frontiers in Microbiology. 2021;12:660134. 
Available:https://doi.org/10.3389/fmicb.202
1.660134 

6. Singh P, Singh RK, Zhou Y, Wang J, Jiang 
Y, Shen N, Wang Y, Yang L, Jiang M. 
Unlocking the strength of plant growth 
promoting Pseudomonas in improving crop 
productivity in normal and challenging 
environments: A review. Journal of Plant 
Interactions. 2022;17(1):220-238. 
Available:https://doi.org/10.1080/17429145
.2022.2048589 

7. Mudaliar SB, Bharath Prasad AS. A 
biomedical perspective of pyocyanin from 
Pseudomonas aeruginosa: Its applications 
and challenges. World Journal of 
Microbiology and Biotechnology. 2024;40 
(3):90.  
Available:https://doi.org/10.1007/s11274-
024-03459-0 

8. Su J, Liu H, Guo K, Chen L, Yang M, Chen 
Q. Research advances and detection 
methodologies for microbe-derived 
acetylcholinesterase inhibitors: A systemic 
review. Molecules. 2017;22(1):176.  
Available:https://doi.org/10.3390/molecules
22010176 

9. Goldstein DB, Goldstein A. An adaptive 
bacterial cholinesterase from a 
Pseudomonas sp. Journal of General 
Microbiology. 1953;8(1):8-17.  
Available:https://doi.org/10.1099/00221287
-8-1-8 

10. Gilboa-Garber N, Zakut V, Mizrahi L. 
Production of cholinesterase by 
Pseudomonas aeruginosa: Its regulation 
by glucose and cyclic AMP and inhibition 

by antiserum. Biochemica et Biophysica 
Acta. 1973;297(1):120-124.  
Available:https://doi.org/10.1016/0005-
2744(73)90154-7 

11. Kaushal J, Khatri M, Arya SK. A treatise on 
organophosphate pesticide pollution: 
Current strategies and advancements in 
their environmental degradation and 
elimination. Ecotoxicology and 
Environmental Safety. 2021;207:111483. 
Available:https://doi.org/10.1016/j.ecoenv.2
020.111483 

12. Johan UUM, Rahman RNZRA, Kamarudin 
NHA, Ali MSM. An integrated overview of 
bacterial carboxylesterase: Structure, 
function, and biocatalytic applications. 
Colloids and Surfaces B: Biointerfaces. 
2021;205:111882.  
Available:https://doi.org/10.1016/j.colsurfb.
2021.111882 

13. Ambreen S, Yasmin A. Isolation, 
characterization, and identification of 
organophosphate pesticide-degrading 
bacterial isolates and optimization of their 
potential to degrade chlorpyrifos. Journal 
of Applied Environmental Microbiology. 
2020;8(1):17-25. 

14. Ellman GL, Courtney KD, Andres V, 
Featherstone RM. A new and rapid 
determination of acetylcholinesterase 
activity. Biochemical Pharmacology. 1961; 
7(1):88-95. 
Available:https://doi.org/10.1016/0006-
2952(61)90145-9 

15. Meem FC, Shourove JH, Raihan T, Azad 
AK, Islam GR. Antibiotic resistance of 
ESBL-producing E. coli and other gram-
negative bacteria isolated from street-
vended foods in Bangladesh. Journal of 
Microbiology, Biotechnology, and Food 
Sciences. 2024;13(6):e9429. 
Available:https://doi.org/10.15414/jmbfs.20
24.13.6.e9429-e9429 

16. Ma MY, Hu LL, Xu WY, Zhang W. L-
tryptophan anaerobic fermentation for 
indole acetic acid production: Bacterial 
enrichment and effects of zero valent iron. 
Bioresource Technology. 2024;400:130691.  
Available:https://doi.org/10.1016/j.biortech.
2023.130691 

17. Ahmeed HW, Al-Khikani FHO, Khudair KK. 
The antibacterial activity of lactophenol, 
safranin, and methyl red dyes against 
clinically isolated Escherichia coli. Assam 
Journal of Internal Medicine. 2024;14(1):3-
7.  



 
 
 
 

Pillai et al.; Uttar Pradesh J. Zool., vol. 45, no. 19, pp. 244-253, 2024; Article no.UPJOZ.4152 
 
 

 
253 

 

Available:https://doi.org/10.1016/j.ajim.202
3.11.003 

18. Kumari R, Harshan K, Rajan P, Rajan AP, 
Theodore T. Screening of bacterial isolates 
from coal mining region in Chhattisgarh. In 
Sustainable and Cleaner Technologies for 
Environmental Remediation: Avenues in 
Nano and Biotechnology Cham:              
Springer International Publishing. 2023;99-
112. 
Available:https://doi.org/10.1007/978-3-
030-99997-4_7 

19. Franco-Duarte R, Černáková L, Kadam S, 
Kaushik KS, Salehi B, Bevilacqua A, Corbo 
MR, Antolak H, Dybka-Stępień K, 
Leszczewicz M, Tintino SR. Advances in 
chemical and biological methods to identify 
microorganisms—from past to present. 
Microorganisms. 2019;7(5):130. 
Available:https://doi.org/10.3390/microorga
nisms7050130 

20. Sujatha B, Sreelakshmi B. Biochemical 
characterization of the seven bacterial 
isolates by various tests. NeuroQuantology. 
2022;20(11):9966-9975. 
Available:https://doi.org/10.14704/nq.2022.
20.11.9966 

21. Pashirova T, Salah-Tazdaït R, Tazdaït D, 
Masson P. Applications of microbial 
organophosphate-degrading enzymes to 
detoxification of organophosphorous 
compounds for medical countermeasures 
against poisoning and environmental 
remediation. International Journal of 
Molecular Sciences. 2024;25(14):7822.  
Available:https://doi.org/10.3390/ijms25147
822 

22. Yagnik SM, Arya PS, Raval VH. Microbial 
enzymes in bioremediation. In 

Biotechnology of microbial enzymes. 2023; 
685-708. 

23. Thakur M, Medintz IL, Walper SA. 
Enzymatic bioremediation of 
organophosphate compounds—progress 
and remaining challenges. Frontiers in 
bioengineering and biotechnology. 2019;7: 
289. 

24. Mudaliar SB, Bharath Prasad AS. A 
biomedical perspective of pyocyanin from 
Pseudomonas aeruginosa: its applications 
and challenges. World Journal of 
Microbiology and Biotechnology. 2024;40 
(3):90. 

25. Choi J, Yoon J, Kim M. Optimization of 
fermentation conditions of Artemisia 
capillaris for enhanced acetylcholines-
terase and butyrylcholinesterase. Foods. 
2022;11 (15):2268. 

26. Refaay DA, Abdel-Hamid MI, Alyamani AA, 
Abdel Mougib M, Ahmed DM,                    
Negm A, Mowafy AM, Ibrahim AA, 
Mahmoud RM. Growth optimization and 
secondary metabolites evaluation of 
anabaena variabilis for acetylcholines-
terase inhibition activity. Plants. 
2022;11(6):735. 

27. Kaur J, Bandyopadhyay D, Singh PK. A 
simple and convenient choline oxidase 
inhibition based colorimetric biosensor for 
detection of organophosphorus class of 
pesticides. Journal of Molecular Liquids. 
2022;347:118258. 

28. Ahmed GY, Osman AA, Mukhtar A. 
Acetylcholinesterase enzyme among 
cancer patients a potential diagnostic and 
prognostic indicator a multicenter case–
control study. Scientific Reports. 2024;14 
(1):5127. 

 
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual 
author(s) and contributor(s) and not of the publisher and/or the editor(s). This publisher and/or the editor(s) disclaim responsibility for 
any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content. 

 

© Copyright (2024): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original work is properly cited. 
 

 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://prh.mbimph.com/review-history/4152 

https://prh.mbimph.com/review-history/4152

