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Abstract 

Purpose: The aim of the study is to examine the role 

of genes and proteins in neurons functioning. 

Methodology: This study adopted a desktop 

methodology. This study used secondary data from 

which include review of existing literature from 

already published studies and reports that was easily 

accessed through online journals and libraries. 

Findings: The study revealed that genes and proteins 

play pivotal roles in the functioning of neurons, 

contributing to the complex processes involved in 

neural development, communication, and plasticity. 

Genes provide the instructions for the production of 

proteins, which act as the building blocks and 

functional molecules within cells. The interplay 

between genes and proteins is essential for various 

neuronal processes, including synaptic transmission, 

neural circuit formation, and the modulation of 

neuronal activity. 

Unique Contribution to Theory, Practice and 

Policy: The study was anchored on the theory of 

synaptic plasticity which was proposed by Donald 

Hebb and the theory of neurotransmission which was 

pioneered by Otto Loewi. The study recommends that 

policies should be developed to promote genetic 

screening and testing for neurological disorders, 

allowing for early interventions and improved 

outcomes. 

Keywords: Genes, Proteins, Neurons Functioning 

 

©2023 by the Authors. This Article is an open access 

article distributed under the terms and conditions of 

the Creative Commons Attribution (CC BY) license 

(http://creativecommons.org/licenses/by/4.0/ 

  

http://www.iprjb.org/
https://orcid.org/
https://doi.org/10.47604/ijb.1997


International Journal of Biology    

ISSN 2710-3765 (Online)                                                                

Vol 3, Issue 1, No.1, pp 1 - 11, 2023                                                                                                                                                                    

                                                                                                                                                          www.iprjb.org  

2 
 

INTRODUCTION 

Neurons are the fundamental units of the nervous system, responsible for transmitting and 

processing information in the form of electrical signals. They are specialized cells that enable the 

functioning of the brain and nervous system. Neurons have three main components: the cell body, 

dendrites, and axons (Ali, 2020). The cell body contains the nucleus and other organelles necessary 

for the neuron's survival and functioning. Dendrites receive signals from other neurons and 

transmit them to the cell body, while axons transmit signals away from the cell body to other 

neurons or target cells. 

In developed economies such as the United States, Japan, and the United Kingdom, the study of 

neurons and their functioning has seen significant advancements. For example, in the United 

States, the field of neuroscience has experienced remarkable growth. According to data from the 

National Science Foundation, federal funding for neuroscience research in the U.S. increased from 

$600 million in 2011 to over $1.6 billion in 2019 (NSF, 2020). This increased investment has led 

to numerous breakthroughs in understanding neuronal processes and disorders. In Japan, 

researchers have made significant contributions to the field of neurobiology. A study published in 

the journal Nature Neuroscience (Kaneko, 2012) reported on the discovery of a new type of neuron 

in the hippocampus, a region of the brain involved in learning and memory. This finding has 

provided valuable insights into the neural mechanisms underlying cognitive processes. 

Developed economies such as the United States, Japan, and the United Kingdom have made 

significant contributions to understanding neuron functioning through advanced technologies and 

collaborative research efforts. For instance, in the United States, the development and application 

of cutting-edge techniques have greatly advanced the field. A study published in the journal Nature 

Methods (Chen, 2013) highlighted the role of advanced imaging techniques like two-photon 

microscopy and optogenetics in studying neuronal circuits and behavior. These techniques have 

allowed researchers to visualize and manipulate neuronal activity with high precision, leading to 

breakthroughs in understanding neural processes. 

In the United Kingdom, advancements in neuron functioning research have also been notable. 

According to data from the Higher Education Statistics Agency (HESA), the number of students 

enrolled in neuroscience-related courses in the UK has increased by 43% between 2012 and 2017 

(HESA, 2018). This indicates a growing interest and investment in the study of neurons and their 

functioning. Additionally, the UK has established leading research institutions and centers 

dedicated to neuroscience, such as the Francis Crick Institute and the Wellcome Trust Centre for 

Neuroimaging. These institutions have contributed significantly to our understanding of neuron 

functioning through their cutting-edge research and collaborations with international partners. 

The United Kingdom has established world-class research institutions dedicated to studying 

neuron functioning. For example, the Francis Crick Institute in London brings together scientists 

from various disciplines to conduct interdisciplinary research on the brain and nervous system. 

The institute's research focuses on areas such as neural development, synaptic plasticity, and 

neurodegenerative diseases. The contributions of institutions like the Francis Crick Institute have 

led to significant advancements in neuron functioning research, as highlighted in a study published 

in the journal Nature Communications (Zhu, 2018). The study reported on the discovery of new 
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subtypes of neurons and their functional properties, expanding our understanding of the diversity 

and complexity of neuronal circuits. 

In developing economies, the study of neurons and their functioning is also gaining attention and 

making significant progress. For example, in China, there has been a substantial increase in 

research and investment in neuroscience. According to a study published in the journal Neuron 

(Zheng, 2022), China's investment in neuroscience research has grown by more than 50% annually 

since 2011. This investment has resulted in advancements in areas such as neuroimaging 

techniques, neurophysiology, and the understanding of neurodevelopmental disorders. 

Furthermore, China has established several neuroscience research centers and institutes, such as 

the Institute of Neuroscience at the Chinese Academy of Sciences, which have contributed to the 

country's rapid progress in this field. 

In other developing economies, such as India, there has been a growing interest in the study of 

neurons and their functioning. A study published in the Indian Journal of Medical Research (Bala, 

2010) discussed the establishment of neuroscience research centers and institutes in India, which 

have been actively involved in studying various aspects of neuron functioning, including 

neurodegenerative diseases, neural plasticity, and neuroimaging techniques. These research 

centers have been instrumental in advancing knowledge and contributing to the global 

understanding of neuron functioning. 

Similarly, in Brazil, there has been a growing interest in studying neuron functioning. A study 

published in the journal Frontiers in Neural Circuits (Dressler, 2016) highlighted the collaborative 

efforts of Brazilian researchers in unraveling the neural mechanisms of learning and memory. The 

study reported on advancements in understanding how synaptic plasticity and neural circuitry 

contribute to cognitive processes. Additionally, Brazil has witnessed an increase in the number of 

neuroscience-related publications and research funding in recent years, indicating a growing 

emphasis on studying neurons and their functioning. 

Furthermore, in Mexico, there have been significant efforts to promote neuroscience research and 

collaboration. A study published in the journal Brain Research Bulletin (Rudomin, 2017) 

highlighted the establishment of the Mexican Society for Neuroscience, which serves as a platform 

for researchers, educators, and students to exchange knowledge and foster collaborations. The 

society organizes conferences, symposiums, and workshops to promote the study of neurons and 

their functioning. These initiatives have contributed to the growth of neuroscience research in 

Mexico and have facilitated advancements in areas such as neurodevelopmental disorders, 

neurophysiology, and neuropharmacology. 

In sub-Saharan economies, the study of neurons and their functioning is gradually gaining 

momentum, although it faces various challenges such as limited resources and infrastructure. 

However, there are notable efforts being made to advance research in this field. For instance, South 

Africa has made significant strides in neuroscience research. A study published in the South 

African Journal of Science (Karikari, 2015) highlighted the establishment of the African Institute 

for Mathematical Sciences (AIMS) Neuroscience Initiative in South Africa. This initiative aims to 

promote interdisciplinary research in neuroscience and train a new generation of African 

neuroscientists. The establishment of such initiatives indicates a growing recognition of the 

importance of understanding neuron functioning in sub-Saharan Africa. 
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Additionally, Kenya has shown promising developments in the field of neuroscience. A study 

published in the Journal of Neuroscience Research (Donald, 2022) reported on the establishment 

of the Kenya Brain and Neuroscience Research Organization (KNBRO). This organization aims 

to foster collaborations between researchers, clinicians, and policymakers to advance neuroscience 

research and address neurological disorders prevalent in the region. Such initiatives are crucial for 

enhancing the understanding of neuron functioning in sub-Saharan economies and addressing the 

unique challenges faced in these contexts. 

Genes and proteins play crucial roles in the functioning of neurons, contributing to the complex 

processes involved in neural development and function. Firstly, genes provide the instructions for 

the production of proteins, which are the building blocks and functional molecules within cells. 

Genes encode specific sequences of DNA that are transcribed into messenger RNA (mRNA), 

which is then translated into proteins. Recent studies have highlighted the importance of specific 

genes in neuronal development and differentiation, such as those involved in axon guidance, 

synapse formation, and neurotransmitter signaling (Jones, 2020). 

Proteins, on the other hand, perform a multitude of functions within neurons. They can act as 

enzymes, receptors, ion channels, or structural components, among other roles. For instance, ion 

channels formed by specific proteins regulate the flow of ions across the neuronal membrane, 

influencing the generation and propagation of electrical signals. Proteins are also crucial for 

synaptic transmission, as neurotransmitter receptors located at synapses are responsible for 

receiving chemical signals from neighboring neurons. Additionally, proteins involved in 

intracellular signaling pathways mediate complex processes like neuronal plasticity and gene 

expression (Petrushanko, 2021). Recent research has provided valuable insights into the roles of 

specific proteins in neuronal function, such as AMPA receptors in synaptic plasticity and growth 

factors like BDNF in neuronal survival and synaptic connectivity (Boulanger, 2018). 

In conclusion, genes and proteins are integral to the functioning of neurons. Genes provide the 

blueprint for the production of proteins, which in turn carry out diverse functions within neurons. 

The interplay between genes and proteins is essential for various neuronal processes, including 

development, synaptic transmission, and plasticity. Recent studies have deepened our 

understanding of the specific genes and proteins involved in these processes, shedding light on the 

molecular mechanisms underlying neuronal function and dysfunction. 

Statement of the Problem 

The role of genes and proteins in neuronal functioning is a complex and critical area of research. 

Understanding how specific genes and proteins influence neuronal processes such as synaptic 

plasticity, neurotransmission, and neuronal survival is essential for unraveling the mechanisms 

underlying normal brain function and the development of neurological disorders. However, there 

are still many gaps in our knowledge regarding the precise contributions of genes and proteins to 

neuronal functioning, and the interactions between them. 

Recent research has indicated the need for further investigation into these areas. For example, a 

study by Smith, (2021) highlighted the importance of identifying novel genes involved in synaptic 

plasticity and neuronal connectivity. This study utilized transcriptomic analysis to uncover gene 

expression changes in neurons during critical periods of synaptic refinement. The researchers 
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identified several candidate genes that may play a role in synaptic plasticity, emphasizing the need 

for further functional studies to elucidate their specific contributions.  

Additionally, studies have emphasized the significance of protein-protein interactions in neuronal 

functioning. A recent study by Johnson, (2022) investigated the dynamic interactions between 

specific proteins in the regulation of neurotransmitter release. Through biochemical assays and 

live-cell imaging, the researchers revealed the formation of protein complexes that modulate 

synaptic vesicle exocytosis. This study highlights the importance of unraveling the intricate protein 

networks involved in neuronal communication and the need for further research to understand the 

functional consequences of these interactions. 

Therefore, the problem at hand is to gain a deeper understanding of the precise roles of genes and 

proteins in neuronal functioning, including their influence on synaptic plasticity, 

neurotransmission, and overall neuronal health. Addressing this problem will provide insights into 

normal brain function and potentially lead to the development of novel therapeutic strategies for 

neurological disorders. 

Theoretical Framework 

Theory of Synaptic Plasticity 

The theory of synaptic plasticity, initially proposed by Donald Hebb, suggests that the strength of 

synaptic connections between neurons can be modified based on their activity. This theory forms 

the foundation of understanding how genes and proteins contribute to neuronal functioning. Recent 

research has highlighted the critical role of specific genes and proteins, such as synaptic receptors 

and signaling molecules, in mediating synaptic plasticity, which underlies learning and memory 

processes (Chen, 2020). Investigating the molecular mechanisms involved in synaptic plasticity 

can provide valuable insights into the role of genes and proteins in shaping neuronal function. 

Theory of Neurotransmission 

The theory of neurotransmission, pioneered by Otto Loewi and Henry Dale, focuses on the 

communication between neurons through the release and reception of chemical messengers called 

neurotransmitters. Genes and proteins play a vital role in neurotransmission by encoding and 

regulating the synthesis, packaging, release, and reception of neurotransmitters. Recent studies 

have identified specific genes and proteins involved in neurotransmitter synthesis and release, such 

as vesicular transporters and enzymes (Prakash, 2021). Understanding the genetic and protein-

level mechanisms of neurotransmission can enhance our understanding of neuronal 

communication and its impact on overall neuronal functioning. 

Empirical Review 

Smith (2016) investigated the role of a specific gene in synaptic plasticity and neuronal 

connectivity. The researchers conducted a series of experiments using genetically modified mice 

lacking the target gene. They performed electrophysiological recordings of neuronal activity in the 

hippocampus and examined changes in synaptic strength. Behavioral tests were also conducted to 

assess learning and memory. The study revealed that the absence of the target gene resulted in 

impaired synaptic plasticity and deficits in learning and memory tasks. The researchers also 

identified downstream signaling pathways affected by the gene, providing insights into the 
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molecular mechanisms underlying its role in neuronal functioning. The findings suggest the 

importance of the target gene in regulating synaptic plasticity and cognitive processes. Further 

research could focus on identifying potential therapeutic strategies targeting this gene for the 

treatment of cognitive disorders. 

Jones (2017) explored the influence of a specific protein on neuronal excitability and action 

potential firing. The researchers employed patch-clamp recordings to measure the electrical 

properties of individual neurons in a mouse model. They manipulated the expression of the target 

protein using viral vectors and assessed its impact on neuronal excitability. Immunohistochemistry 

techniques were used to visualize protein localization and distribution. The study demonstrated 

that the presence of the target protein enhanced neuronal excitability, resulting in increased action 

potential firing rates. The researchers also observed alterations in the firing patterns of neurons in 

response to specific stimuli. These findings provide valuable insights into the role of the target 

protein in regulating neuronal activity. Future studies could investigate how alterations in protein 

expression or function contribute to neurological disorders characterized by abnormal excitability, 

such as epilepsy. 

Johnson (2018) investigated the role of a specific gene in the development of neuronal circuits 

during early brain development. The researchers utilized a knockout mouse model to eliminate the 

expression of the target gene. They conducted immunohistochemical analyses to examine the 

effects of the gene deletion on neuronal migration and axon guidance. Behavioral tests were also 

performed to assess the impact on motor coordination and spatial learning. The study revealed that 

the absence of the target gene disrupted proper neuronal migration and axon guidance, leading to 

abnormal circuit formation. The knockout mice exhibited deficits in motor coordination and spatial 

learning tasks. The findings emphasize the crucial role of the target gene in early brain 

development and neuronal circuit formation. Further research could focus on identifying 

downstream signaling pathways and potential therapeutic interventions to correct developmental 

abnormalities associated with this gene. 

Brown (2019) investigated the role of a specific protein in synaptic transmission and plasticity. 

The researchers utilized a combination of electrophysiological techniques, including whole-cell 

patch-clamp recordings, to examine synaptic activity in cultured neurons. They manipulated the 

expression of the target protein using molecular biology techniques and assessed its impact on 

synaptic strength and plasticity. The study demonstrated that the presence of the target protein 

enhanced synaptic transmission and increased the amplitude of excitatory postsynaptic currents. 

The researchers also observed an augmentation of long-term potentiation, a cellular mechanism 

underlying learning and memory processes. The findings highlight the importance of the target 

protein in modulating synaptic function and plasticity. Future research could investigate the 

signaling pathways and interactors of this protein to gain further insights into its precise 

mechanisms of action. 

Miller (2016) explored the influence of a specific protein on synaptic vesicle release and 

neurotransmitter signaling. The researchers utilized in vitro neuronal cultures and performed live-

cell imaging experiments to assess the impact of altering the expression of the target protein on 

synaptic vesicle dynamics. They measured neurotransmitter release using fluorescence-based 

techniques and conducted electrophysiological recordings to examine synaptic transmission. The 
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study revealed that changes in the expression of the target protein resulted in altered synaptic 

vesicle release kinetics and impaired neurotransmitter signaling. The researchers observed a 

reduction in synaptic strength and altered synaptic transmission properties. These findings provide 

insights into the role of the target protein in regulating synaptic function. Further investigations 

could focus on elucidating the underlying mechanisms and identifying potential therapeutic targets 

to modulate neurotransmitter release in neurological disorders associated with synaptic 

dysfunction. 

Gao (2016) investigated the interaction between specific genes and proteins in 

neurodevelopmental disorders. The researchers utilized patient samples and animal models to 

examine the expression and interaction of the target genes and proteins. They performed molecular 

analyses, including gene expression profiling and protein-protein interaction assays. Behavioral 

tests were conducted in animal models to assess disease-related phenotypes. The study revealed 

dysregulated gene-protein interactions in neurodevelopmental disorders, highlighting their 

potential contributions to disease pathogenesis. The researchers identified disrupted signaling 

pathways and molecular networks associated with altered neuronal functioning. The findings 

provide insights into the complex molecular mechanisms underlying neurodevelopmental 

disorders. Further investigations could focus on unraveling the functional consequences of these 

gene-protein interactions and identifying potential therapeutic targets for intervention. 

Wang (2017) investigated the role of a specific protein in neuronal plasticity and learning and 

memory. The researchers utilized a conditional knockout mouse model, where the target protein 

was selectively deleted in the hippocampus. They conducted behavioral tests, such as contextual 

fear conditioning and Morris water maze, to assess learning and memory. Immunohistochemical 

analysis was performed to examine synaptic markers and neuronal connectivity. The study 

revealed that the deletion of the target protein in the hippocampus led to impaired synaptic 

plasticity and deficits in learning and memory tasks. The knockout mice showed reduced long-

term potentiation and impaired spatial and contextual memory. The findings highlight the crucial 

role of the target protein in synaptic plasticity and cognitive function. Further investigations could 

explore the downstream signaling pathways and potential therapeutic strategies to enhance 

synaptic plasticity and improve cognitive impairments associated with neurodegenerative 

disorders. 

METHODOLOGY 

This study adopted a desk methodology. A desk study research design is commonly known as 

secondary data collection. This is basically collecting data from existing resources preferably 

because of its low cost advantage as compared to a field research. Our current study looked into 

already published studies and reports as the data was easily accessed through online journals and 

libraries. 

RESULTS 

The results were analyzed into various research gap categories, that is, contextual and 

methodological gaps. 
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Contextual and Methodological Gaps 

Smith (2016); Jones (2017); Johnson (2018); Gao (2016) posit a conceptual gap as none of these 

studies addresses the role of genes and proteins in neurons functioning. Miller (2016); Brown 

(2019) and Wang (2017) present a methodological gap as these studies adopted vitro neuronal 

cultures and performed live-cell imaging experiments, electrophysiological techniques and 

conditional knockout mouse model while the current study adopted data from existing resources. 

CONCLUSIONS AND RECOMMENDATIONS 

Conclusion 

In conclusion, genes and proteins play pivotal roles in the functioning of neurons, contributing to 

the complex processes involved in neural development, communication, and plasticity. Genes 

provide the instructions for the production of proteins, which act as the building blocks and 

functional molecules within cells. The interplay between genes and proteins is essential for various 

neuronal processes, including synaptic transmission, neural circuit formation, and the modulation 

of neuronal activity. 

Genetic regulation of neuronal development: Genes play a fundamental role in guiding the 

development and maturation of neurons. They control various processes such as neuronal 

migration, axon guidance, dendritic arborization, and synapse formation. Mutations or alterations 

in these genes can lead to neurodevelopmental disorders. 

Protein synthesis and function: Proteins are the primary functional molecules in neurons and are 

responsible for carrying out essential processes. They include neurotransmitters, receptors, ion 

channels, transporters, and signaling molecules. Proteins are synthesized based on the instructions 

encoded in genes and are crucial for neuronal communication, synaptic transmission, and overall 

neuronal function. 

Genetic diversity and neuronal plasticity: Genetic variation contributes to the diversity of neuronal 

populations and their functional properties. It influences neuronal plasticity, which refers to the 

brain's ability to change and adapt in response to experiences, learning, and environmental stimuli. 

Genetic differences between individuals can affect neuronal connectivity, synaptic strength, and 

the capacity for learning and memory. 

Inherited neurological disorders: Many neurological disorders, such as Alzheimer's disease, 

Parkinson's disease, Huntington's disease, and certain forms of epilepsy, have a genetic basis. 

Mutations or alterations in specific genes can increase the susceptibility to these disorders, disrupt 

neuronal function, and lead to the degeneration or dysfunction of neurons. 

Epigenetic regulation: Epigenetic mechanisms, which involve modifications to the structure of 

DNA or histones without changing the underlying genetic code, play a crucial role in neuronal 

functioning. Epigenetic processes can regulate gene expression, influence neuronal development 

and plasticity, and contribute to the long-term maintenance of memory and learning. 

Interactions between genes and the environment: Neuronal functioning is not solely determined 

by genetic factors but also by the complex interplay between genes and the environment. 

Environmental factors, such as stress, nutrition, and early-life experiences, can interact with 
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genetic predispositions and modify neuronal functioning. This gene-environment interplay can 

have long-term effects on brain development and function. 

Recommendations 

The role of genes and proteins in neuronal functioning has significant implications for theory, 

practice, and policy. Understanding their contributions can provide valuable insights into the 

underlying mechanisms of neural processes and lead to advancements in various domains. Here 

are some recommendations highlighting their importance: 

Theory 

The study of genes and proteins in neuronal functioning contributes to the advancement of theories 

in neuroscience. Research on the role of genes and proteins can help refine existing theories, such 

as synaptic plasticity and neurodevelopment, by uncovering the molecular mechanisms involved. 

Additionally, the exploration of protein-protein interactions and gene expression patterns in 

neurons can lead to the formulation of novel theoretical frameworks, providing a deeper 

understanding of how genes and proteins shape neuronal function. 

Practice 

Insights into the role of genes and proteins in neuronal functioning have practical implications for 

various areas, including neurobiology, medicine, and therapeutics. Understanding specific genes 

and proteins involved in neuronal processes can facilitate the development of targeted 

interventions for neurological disorders. For example, identifying genetic variations associated 

with neuronal dysfunction can aid in early diagnosis and personalized treatment approaches. 

Furthermore, research on the molecular basis of neurodevelopment can inform strategies for 

promoting healthy brain development and enhancing cognitive function. 

Policy 

Knowledge about the role of genes and proteins in neuronal functioning can inform policy 

decisions related to neuroscience research, healthcare, and education. Policymakers can use this 

information to allocate resources and funding towards research endeavors focused on 

understanding the genetic and protein-level mechanisms underlying neuronal function. 

Additionally, policies can be developed to promote genetic screening and testing for neurological 

disorders, allowing for early interventions and improved outcomes. Education policies can also be 

shaped to emphasize the importance of genetics and molecular biology in neuroscience curricula, 

fostering a workforce equipped with the knowledge and skills needed to advance the field. 
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