
  

 

 

 

 

T.R.  

ÜSKÜDAR UNIVERSITY 

INSTITUTE OF SCIENCE 

 

 

 

BIOTECHNOLOGY DEPARTMENT 

BIOTECHNOLOGY MASTER’S THESIS PROGRAM  

MASTER’S DEGREE THESIS 

 

 

 

 

VIRTUAL FUNCTIONAL PROFILING OF VARIANTS OF 

UNKNOWN SIGNIFICANCE IN THE GABRB3 GENE 

ASSOCIATED WITH EPILEPSY 

 

 

Derya TÜRKMEN DELİOĞLU 

 

 

 

Thesis Advisor 

Asst. Prof. Dr. Ayla ARSLAN 

 

 

İSTANBUL-2024 



  

 

 

T.R.  

ÜSKÜDAR UNIVERSITY 

INSTITUTE OF SCIENCE 

 

 

 

BIOTECHNOLOGY DEPARTMENT 

BIOTECHNOLOGY MASTER’S THESIS PROGRAM  

MASTER’S DEGREE THESIS 

 

 

 

 

VIRTUAL FUNCTIONAL PROFILING OF VARIANTS OF 

UNKNOWN SIGNIFICANCE IN THE GABRB3 GENE 

ASSOCIATED WITH EPILEPSY 

 

 

Derya TÜRKMEN DELİOĞLU 

 

 

 

Thesis Advisor 

Asst. Prof. Dr. Ayla ARSLAN 

 

 

İSTANBUL-2024 

 



  

i 
 

ÖZET 

EPİLEPSİ İLE İLİŞKİLİ GABRB3 GENİNDEKİ ÖNEMİ BİLİNMEYEN 

VARYANTLARIN SANAL FONKSİYONEL PROFİLİ 

 

GABA (A) reseptörleri beyindeki birincil inhibisyona aracılık eden, kimyasal kapılı 

heteropentamerik klorür kanallarıdır. GABA (A) reseptörlerinin beta 3 (β3) alt birimi, 

epilepsi dahil bir dizi bozuklukla ilişkilidir. Spesifik olarak, β3 alt birimini kodlayan 

gendeki (GABRB3) varyant konumu, epilepsi fenotip şiddeti ve hücresel patoloji 

mekanizmalarıyla ilişkilidir. Bu, GABRB3'ün önemi bilinmeyen varyantlarından (VUS) 

herhangi birinin bu bulgularla uyumlu olup olmayacağı ve ilgili patojeniteyi gösterip 

göstermeyeceği sorusuna yol açmaktadır. Bu soruya cevaben, çoklu algoritmalar kullanan 

araştırmamız, ClinVar veritabanından elde edilen ve β3 alt birimini kodlayan VUS 

arasında 141 nokta mutasyonunu hesaplamalı yöntemlerle derinlemesine incelemeyi 

amaçlayarak,  β3 alt birimi kodlama bölgesinde bulunan 17 genetik varyantı patojenik 

olarak belirlemiştir. Bu varyantlardan on tanesi β3 alt biriminin (Y48C, D49E, D73H, 

M80R, D94E, H132Y, R142C, P169L, C175W, Y182H) N-terminal hücre dışı alanında 

haritalanmıştır; bir tanesi (S264F) birinci transmembran (TM1) alanda, iki tanesi (T281A, 

R294Q) ikinci transmembran (TM2) alanda,  iki tanesi (R294Q, P298S) ikinci ve üçüncü 

transmembran alanın arasındaki bölgede (TM2-TM3 arasındaki bölge) ve iki tanesi de 

(Y467S, Y467H) 3 alt biriminin dördüncü transmembran (TM4) alanında 

bulunmaktadır. Bu sonuçlar, literatür verileri ışığında değerlendirildiğinde, varyantların 

3 alt birimindeki pozisyonuna göre epilepsi fenotip şiddeti ve hücresel patoloji 

mekanizmalarının tahmin edilmesine olanak sunabilir. Ek olarak, çalışmanın ikinci 

aşamasında GABA bağlanma bölgesinde bulunan 6 VUS, varyantın GABA ligandına 

bağlanma afinitesi üzerindeki etkisi açısından da incelenmiştir. Bu çalışma için seçilen 

tüm VUS seti (141) arasından GABA molekülüne bağlandığı deneysel çalışmalarla 

gösterilmiş aminoasitlere tekabül eden 6 VUS seti tespit edilmiş (Y182H (PDB aralığında 

Y157), Y182C (PDB aralığında Y157), F225V (PDB aralığında F200), T227A (PDB 

aralığında T202), T227P (PDB aralığında T202), Y230C (PDB aralığında Y205)) ve 

bunların GABA bağlanma afinitesi üzerindeki değişken etkisi moleküler kenetlenme 

simülasyonları kullanılarak hesaplanmıştır. Kenetlenme simülasyonları sonucunda 6 

VUS’un herbiri için serbest enerji değişim değeri (ΔΔG), yabanıl tipteki (WT: -5.3 

Kcal/mol) konformasyonun ΔΔG'sinden daha yüksek olduğu bulunmuştur:  Y182C> 
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Y182H> T227P= T227A> F225V= Y230C> WT. Ayrıca yabanıl tip (WT) ve beş varyant 

(Y182H, T227P, T227A, F225V, Y230C) 182. pozisyonda GABA ile hidrojen bağına 

sahipken, yalnızca Y182C varyantı 182. pozisyonda GABA ile herhangi bir hidrojen bağı 

etkileşimi göstermemiştir. Y182C varyantının bağlanma afinitesinde en kritik düşüşü 

sergilediği gözlenmiştir. Sonuç olarak özellikle Y182C (ΔΔG, -4.8 Kcal/mol) ve Y182H 

(ΔΔG, -4.9 Kcal/mol) varyantlarının, diğer varyantlara göre daha yüksek enerjili ligand 

pozu sunması sebebiyle, reseptöre GABA’nın bağlanmasını olumsuz etkileyerek reseptör 

ligand etkileşimini bozması ve reseptör kanalının açılmasını olumsuz yönde etkileyerek 

fonksiyonunda dejenerasyona yol açacağı muhtemeldir. Bu çalışmanın sonuçları ACMG 

(Amerikan Tıbbi Genetik Koleji) PP3 varyant yorumlama kriteri doğrultusunda, 

GABRB3 geni varyantlarının (VUS) epilepside hassas tıp uygulamaları açısından 

anlamlıdır. Aynı zamanda GABRB3 varyantlarının epilepsi gibi sinir ağı bözukluklarında 

moleküler ve hücresel seviyede patolojisini incelemeyi amaçlayan laboratuvar 

araştırmalarına rehberlik etme açısından da önem taşımaktadır. 

Keywords: Epilepsi, GABA (A) reseptör, GABRB3, İn siliko, SNP 
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ABSTRACT 

VIRTUAL FUNCTIONAL PROFILING of VARIANTS of UNKNOWN 

SIGNIFICANCE in the GABRB3 GENE ASSOCIATED with EPILEPSY 

 

 

GABA (A) receptors are heteropentameric chloride channels mediating the primary 

inhibition in the brain. Beta 3 (β3)  subunit of GABA (A) receptors are associated with a 

range of disorders including epilepsy. Specifically, the variant location in the β3  subunit 

encoding gene (GABRB3), correlates with various epilepsy phenotype and cellular 

pathology. This leads to the question to ask if any of the variants of unknown significance 

(VUSs) of the GABRB3 would align with these findings and manifest relevant 

pathogenicity. Employing multiple algorithms, our investigation delved into 141 

GABRB3 VUS sourced from ClinVar, pinpointing 17 notably pathogenic ones within 

the β3 subunit. Ten of these variants were mapped on the N-terminus extracellular domain 

of the β3 subunit (Y48C, D49E, D73H, M80R, D94E, H132Y, R142C, P169L, C175W, 

Y182H), one (S264F) is located in the first transmembrane domain (TM1),  two variants 

(T281A, R294Q) were located in the second trasnmembrane domain (TM2), two (R294Q, 

P298S)  in the linker between the second and third transmembrane domains (TM2-TM3 

linker) and two (Y467S, Y467H) were  in the fourth transmembrane domain (TM4) of 

the β3 subunit. These results, when evaluated in the light of literature data, enable the 

prediction of epilepsy phenotype severity and cellular pathology mechanisms according 

to the position of the variants in the 3 subunit. Additionally, in the second phase of the 

study, variants, which were selected from those matching with the experimentally 

determined residues located in the GABA binding site, were computationally studied to 

assess the variant impact on GABA binding affinity. Among the entire set of  141 

GABRB3 VUS identified in this study, these variants (6) were Y182H (Y157 in PDB 

range), Y182C (Y157 in PDB range), F225V (F200 in PDB range), T227A (T202 in PDB 

range), T227P (T202 in PDB range), Y230C (Y205 in PDB range), which were analyzed 

by docking simulations to investigate the variant impact on binding affinity to the GABA 

molecule. Docking simulations showed that the double free energy difference (ΔΔG) of 

these 6 variants were higher than the ΔΔG of the wild type (WT: -5.3 Kcal/mol) 

conformation, i.e., Y182C> Y182H> T227P= T227A> F225V= Y230C> WT.  It was 

significant in terms of molecular docking results that Y182H (ΔΔG, -4.9 Kcal/mol) and 

Y182C (ΔΔG, -4.8 Kcal/mol) variants presented a higher energy ligand pose to GABA 
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compared to rest of the variants analyzed by docking simulations. In addition, while wild 

type (WT) and five variants (Y182H, T227P, T227A, F225V, Y230C) had hydrogen 

bonds with GABA at codon 182, only the variant Y182C did not show any hydrogen 

bond interaction with GABA at codon 182. It was observed that variant Y182C exhibited 

the most critical decrease of binding affinity. Thus, the Y182H (ΔΔG, -4.9 Kcal/mol) and 

especially Y182C (ΔΔG, -4.8 Kcal/mol) presented a higher energy ligand pose than the 

other variants, thus negatively affecting GABA binding, possibly disrupting the receptor-

ligand interaction and negatively affecting the opening of the receptor. The results of this 

study are significant in emphasizing the importance of GABRB3 gene VUSs for the 

precision medicine in epilepsy, in line with the PP3 variant interpretation criteria of the 

American College of Medical Genetics (ACMG). Our results are also important to guide 

laboratory studies aimed at defining the molecular and cellular pathology of GABRB3 

variants in network disorders. 

Keywords: Epilepsy, GABA (A) receptor, GABRB3, In silico, SNP 
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1. INTRODUCTION 

 

       Epilepsy is one of the most common chronic neurological diseases affecting all age 

groups. Recurrent epileptic seizures not only affect the quality of life of patients and even 

their families, but can also lead to the death of patients. In addition, when factors such as 

total annual health expenditures and absenteeism from work and school are taken into 

consideration, it can be understood how much the disease increases the economic burden 

of countries (Libby et al., 2012). Epilepsy, which occurs when cells in a part of the brain 

send abnormal electrical signals, manifests itself with seizures. There are various 

experimental and theoretical studies aimed at understanding the mechanisms underlying 

the onset and propagation of this electrical activity (Ben-Ari et al., 2012; Ghit et al., 

2021). With the advent of pharmacological treatment of epilepsy at the beginning of the 

19th century, human and animal research continued to provide hope for treatment for 

many years, but our understanding of the mechanisms that cause neuronal hyperactivity 

remains incomplete (Kaculini et al., 2021). Epilepsy is a disease that may occur as a result 

of an imbalance in inhibitory and excitatory signal transmission in the brain (Treiman, 

2001). Therefore, it is not surprising that research has focused on gamma aminobutyric 

acid (GABA) receptors, the major inhibitory neurotransmitter in the brain. It will be easier 

to develop therapeutic solutions when the genetic causes of disorders in the relevant 

mechanisms are better understood. In addition, the underlying reasons why approximately 

one-third of individuals with epilepsy do not respond to treatment are still being 

investigated, and this pharmacoresistance has not yet been fully explained (Lerche, 2020). 

Given that GABA receptors have become therapeutic targets in epilepsy in recent years, 

it would be logical to identify the pathogenic effects of gamma-aminobutyric acid type A 

receptor subunit beta3 (GABRB3) mutations when trying to explain why individuals 

respond differently to drugs.  

       In recent years, the rapid expansion of genomic data with genome-wide association 

studies (GWAS) and next-generation sequencing (NGS) has revealed the need to 

accelerate experimental research. Genome-wide association studies (GWAS) compare 

the genome of individuals with a particular phenotype, such as epilepsy, with individuals 

without the disease phenotype. In this way, it becomes possible to use it as a genetic 

marker, in addition to contributing to studies on association with the phenotype of 
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epilepsy (Wang et al., 2017a; Perucca and Perucca, 2019). In this context, prediction of 

possible molecular effects of variants has begun to be made using statistical methods as 

well as experimental approaches. Bioinformatic prediction tools have become frequently 

used, becoming one of the popular strategies to reveal the genetic basis of complex 

diseases in humans. 

       In this study, the computational approach was performed on variants of the ligand-

gated ion channel receptor GABRB3. These variants may be associated with the 

underlying cellular pathology of epilepsy and may provide valuable information in 

understanding the genetic mechanism underlying epilepsy (Löscher, 2020). Resistance to 

antiepileptic drugs in different individuals may be due to the presence of SNPs that alter 

the expression of GABA receptors in brain tissue. Therefore, identifying the functional 

effects of SNPs in silico will open the door to understanding the complex mechanisms of 

epileptic seizures.In this context, estimating the pathogenicity of GABRB3 variants with 

bioinformatics prediction tools will contribute to personalized treatments with the 

contribution of experimental studies while creating treatment strategies for individuals 

with epilepsy. Additionally, the results of this study have implications for guiding wet 

laboratory experiments in the field of epilepsy. 
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                               2. GENERAL INFORMATION 

 

2.1. Genetic Polymorphism  

       Genomic polymorphism is two or more variant forms of a specific DNA sequence 

that can occur between different individuals. It has been shown in many studies that some 

polymorphisms in genes mediate abnormal expression or production of an abnormal form 

of the protein (Shastry, 2009). According to National Human Genome Research Institute 

(NHGRI, 2021), the incidence of the gene polymorphism in the population is estimated 

to be ≥1%. If the polymorphism is shown to be associated with disease, it is often called 

a genetic mutation. The most common type of polymorphism involves variation in a 

single nucleotide. Other polymorphisms may be much larger and involve longer sections 

of  DNA. DNA polymorphism types are classified as tandem repeat polymorphisms, short 

tandem repeats, copy-number polymorphism and single nucleotide polymorphism (SNP). 

SNPs are the most common type of genetic variation among humans (Azizzadeh-

Roodpish et al., 2021). 

       A single nucleotide polymorphism (SNP) is a variation in the genetic sequence that 

affects only one of the bases adenine (A), guanine (G), thymine (T), or cytosine (C), the 

base part of the nucleotide in a section of a DNA molecule (fig. 1, Mila et al., 2022). For 

example, a SNP can replace the nucleotide adenine (A) with the nucleotide guanine (G) 

in a particular section of DNA.  In order to be defined as a polymorphism, it must occur 

in more than 1 percent of the population (Katsonis et al., 2022). There are pathogenic or 

nonpathogenic SNPs in the human genome that occur in exon or intron regions (Cargill 

et al., 1999). By scanning the entire genome of a large number of individuals with 

Genome-Wide Association Study (GWAS), millions of genetic variants in these 

individuals and their relationships with heart diseases, metabolic diseases, autoimmune 

diseases, neurodegenerative and psychiatric disorders were investigated. Only a few of 

the SNPs that have pathogenic effects on these diseases have been identified. These 

findings facilitated the pathogenesis of the disease and the development of personalized 

therapies (Visscher et al., 2017). 
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Figure 1. The schema of single nucleotide polymorphism (SNP) . 
(Image reproduced based on  Mila et al., 2022)  

   

2.2. Role of GABAergic Inhibition in Epilepcy Treatment 

       Considering that approximately 1-2% of the world's population is affected by 

epilepsy today, it is very important to identify and treat the molecular mechanisms that 

cause epilepsy (Staley, 2015). Although there have been significant advances in our 

knowledge of pathophysiological development and prognosis in the last 20 years, drug-

resistant patient groups are still untreated, meaning one-third of the total patient burden 

is still untreated. It is understandable that anti-seizure drugs, which are frequently 

preferred today, do not provide complete seizure control and have side effects, in terms 

of researching new drug targets.  

       The first option tried in the treatment of epilepsy is seizure prevention. Although the 

number of approved drugs is more than 20, one third of patients cannot benefit from the 

treatment (Devinsky et al., 2018). For patient groups that cannot benefit from drug 

treatment, surgery, neurostimulation devices, dietary treatments or clinical trials of new 

anti-seizure drugs (ASDs) are being tried as alternative options for seizure control. In 

addition to the completion of the human genome project, the increasing number of mouse 

experiments and human studies in recent years and studies on the molecular genetics of 

epilepsies need to be transformed into precise therapies and treatments. The most 

effective way to improve the effectiveness of personalized epilepsy treatments will 

undoubtedly be to try to identify genetic variations that cause variation in response to 

antiepileptic drug treatment.  

https://www.researchgate.net/figure/The-schema-of-Single-nucleotide-polymorphism-SNP_fig1_221912832
https://www.researchgate.net/figure/The-schema-of-Single-nucleotide-polymorphism-SNP_fig1_221912832
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       An imbalance between excitation (E) and inhibition (I) in the brain is known to cause 

impairment in GABAergic inhibition (Tang et al., 2021; Righes Marafiga et al., 2021).   

       A considerable part of neurodevelopmental disorders (NDDs) risk genes encode 

GABAARs, which are one of the critical components of the GABAergic inhibition system  

(Satterstrom et al., 2020). 

2.2.1 Gamma-Aminobutyric Acid  

       In experiments conducted in 1950, it was determined that the unknown compound 

(ninhydrin-reactive substance) in the brain extract was definitely γ-aminobutyric acid, 

and with this study, GABA (fig. 2) was discovered for the first time (Bowery and Smart, 

2006). Contributed by experiments with mouse brain homogenates, washed residues, and 

acetone powders, it has been shown that γ-aminobutyric acid is synthesized from glutamic 

acid in the brain (Roberts and Frankel, 1950). With this discovery, studies on GABA's 

relationship with neuronal activity began to gain momentum. 

                                                         

Figure 2. 2D structure of GABA 

The chemical structure depiction of GABA, whose molecular formula is C4H9NO2, was taken from the 

PubChem website; Last accessed on January 20th, 2023 (PubChem CID: 119) 

 

       GABA and glutamate are respectively the primary inhibitory (I) and excitatory (E) 

neurotransmitters in the central nervous system. The opposing functions of these two 

neurotransmitters ensure that their activities are balanced under normal physiological 

conditions. Since glutamate is the precursor of GABA, an increase in glutamate levels 

causes an increase in GABA synthesis (Nikolaus et al., 2010; Lee et al., 2019). 

       In GABA production (fig. 3, Mead et al., 2013), α-ketoglutarate, obtained from 

glucose metabolism in the Krebs cycle, is first converted to glutamate by GABA α-
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oxoglutarate transaminase (GABA-T). Glutamate decarboxylase (GAD) catalyzes the 

decarboxylation of glutamate to form GABA. GABA is metabolized by GABA 

transaminase to form succinic semialdehyde. Succinic semialdehyde can be oxidized to 

succinic acid by the enzyme succinic semialdehyde dehydrogenase (SSADH) and enter 

the Krebs cycle again (Ghit et al., 2021). GABA produced by glutamate is transported to 

secretory vesicles and released into the synaptic gap by depolarization of the presynaptic 

neuron. From here it binds to its receptor on the membrane surface of the postsynaptic 

neuron. It continues its function here until it is taken back by presynaptic nerve terminals 

and glial cells (Treiman, 2001). 

 

 

 

Figure 3. The GABA shunt. 

(Scheme reproduced based on Mead et al., 2013) 

 

       With the understanding that epileptic seizures in epilepsy occur as a result of sudden 

and temporary synchronization of neuronal activity, the course of treatment of seizures 

has changed to the receptors that affect the major neurotransmitters in the brain (Cloix, 

2009). Healthy brain functions depend on the balance of signals created by both excitatory 

and inhibitory neurotransmitters on target neurons. Epileptic seizures may occur 

following increased neuronal excitability as a result of an imbalance in the signaling 
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levels of γ-aminobutyric acid (GABA) and glutamate neurotransmitters, which are 

inhibitory and excitatory, respectively (Treiman, 2001). Two types of GABA receptors, 

GABAA and GABAB, lead to inhibition of neuronal activity. While the GABAA receptor 

mediates fast inhibitory signals through postsynaptic membrane hyperpolarization, the 

GABAB receptor mediates slow and long-lasting inhibitory signals linked G proteins. 

GABAA receptors induce the inflow of chloride ions, while GABAB receptors induce the 

efflux of K+ ions (Terunuma, 2018). Drug active substances such as benzodiazepines, 

anesthetics and barbiturates are also used in the treatment of epilepsy by binding to 

specific binding sites of GABAA receptor. 

       In general, the causes of epilepsy include structural, genetic, metabolic, infectious, 

immune and other unknown factors (Scheffer et al., 2017). Sequencing approaches such 

as whole exome sequencing (WES) and whole genome sequencing (WGS) have 

accelerated new gene discovery in epilepsy (Perucca et al., 2020). The discovery of 

nearly 3000 genes associated with epilepsy has been very useful for focusing on targeted 

therapies. Many associations have been found with GABRB3, one of the genes related to 

ion channels, in idiopathic/genetic epilepsies were found based on literature information 

obtained from National Center for Biotechnology Information (NCBI-last accessed: 

September 2023). As mentioned before, this research will focus on single nucleotide 

polymorphisms (SNPs) in the γ-aminobutyric acid receptor subunit beta-3 (GABRB3), 

which is included in the classification of genetic factors. 

2.2.2. GABA (A) Receptors 

The importance of γ-aminobutyric acid (GABA) is that, in addition to being the most 

common inhibitory neurotransmitter in the mammalian brain, it plays an important role 

in the pathogenesis or expression of many neurological diseases, including epilepsy (Ben-

Ari et al., 2012). Gamma-aminobutyric acid (GABA), which is most prevalent distributed 

in the brain, is capable of producing hyperpolarizing inhibition in almost all neurons (Ghit 

et al., 2021). With the presence of GABA, GABAA receptors (GABAA and GABAB) are 

activated and the increased chloride ion flow causes membrane hyperpolarization. As a 

result, GABA-dependent neuronal excitability decreases. It is thought to play a key role 

in the basis of epilepsy due to its effect on neuronal inhibition.  

       Two receptors that play a role in the inhibitory effect on neuron function through 

GABA; They are GABA type A (GABAA) receptors  (GABAARs) and GABA type B 



  

8 
 

(GABAB) receptors  (GABABRs). GABAARs are more associated with epilepsy because 

they mediate a more rapid inhibitory effect than GABABRs (Bryson and Petrou, 2023).                      

       The GABAA receptor is a member of the ligand-gated ion channels superfamily. This 

family also includes the nicotinic acetylcholine receptor, 5-hydroxytryptamine type 3 

receptor, and glycine receptor (Cecchini and Changeux, 1995). GABAA receptors consist 

of pentameric combinations of different subunits. In humans, there are a total of 19 

GABAA receptor subunit genes; six α (alpha1-6), three β (beta1-3), three γ (gamma1-3), 

three ρ (rho1-3) and δ (delta), ε (epsilon), π (pi) and θ (theta) (Siegart et al., 1999). The 

most commonly expressed subunits are α1, α2, α3, β2, β3, and γ2. 

       GABAARs can be distributed in the central nervous system (CNS), different types of 

immune cells, liver cells, pancreatic islet β cells, and airway smooth muscle. 

       The GABAARs can realize its inhibition response to the neurotransmitter GABA by 

phasic and tonic modalities (Arslan, 2015). GABA, an inhibitory neurotransmitter, is 

released into the synaptic gap and activates postsynaptic receptors, which open for a 

relatively short period of time, increasing the permeability of the postsynaptic membrane 

to chloride (Cl−)   ions (Brickley and Mody, 2012). These two inhibitory modalities may 

have both common and distinct effects on the network activity of the nervous system 

through changes in GABAAR composition (Joo et al., 2014; Farrant and Nusser, 2005; 

Kasugai et al., 2010). Based on laboratory studies it is predicted that altering 

extrasynaptic GABAARs function may cause epilepsy and various neurological diseases 

(Wang and Kriegstein, 2008; Arslan et al., 2014). While synaptic receptors show low 

affinity to GABA, it is estimated that extrasynaptic receptors show higher affinity 

(Brickley and Mody, 2012). With the increasing number of experimental data for various 

neurological diseases, tonic inhibition has emerged as a pathological factor in protein 

dysfunctions (Hines et al., 2012). In this context, the finding that receptors containing α2, 

α3 and β3 subunits are approximately (~) 100 times more abundant in synapses than in 

extrasynaptic membranes encouraged us to focus on variants of the gene encoding 

GABRB3 (Gamma-Aminobutyric Acid Type A Receptor Subunit Beta3) (Kasugai et al., 

2010; Ghit et al., 2021; Egawa and Fukuda, 2013). 

       GABRB3 (Gene ID: 2562) is a structurally and functionally important member of 

the gamma-aminobutyric acid-A (GABAA) receptor gene family of heteromeric 

pentameric ligand-gated ion channels (Arslan, 2023). The most common combination of 
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GABAA receptors; it is formed by combining 2α, 2β and 1γ subunits. GABRB3  is a 

protein coding gene. According to data from NCBI/Gene, cytogenetic location of GABAA 

receptor subunit β3 gene is 15q12 and genomic coordinates (GRCh38): 15:26,543,552-

26,773,763. The GABRB3 gene is 5767 bp long and contains nine exons. The GABAA 

receptor β3 subunit isoform 1 precursor contains 473 amino acids as shown in figure 4.  

       GABAA receptor β3 subunits, which are widely expressed in the developing and adult 

brain (cortex, hippocampus, and thalamic reticular nucleus), are also expressed in some 

other human tissues, such as gallbladder, prostate, stomach, adrenal gland, gallbladder, 

testis, and thyroid. Embryonic and postnatal expression of GABAA receptor subunit genes 

in the rat CNS was examined by in situ hybridization study (Laurie et al., 1992). With 

this study, it is known that the GABAA receptor β3 gene emerges in the early stages of 

the embryonic and neonatal brain.  

 

 

Figure 4. GABRB3 amino acid sequence. 

Protein encoded by the gamma-aminobutyric acid receptor subunit beta-3 isoform 1 precursor, 

according to NCBI/Protein (NCBI Reference Sequence: NP_000805.1) data. 

        

       The subject of research is γ-aminobutyric acid receptor subunit beta-3 (GABRB3), 

the receptor that acts on γ-aminobutyric acid (GABA), one of the most abundant 

neurotransmitters in the central nervous system (CNS). GABRB3, a subunit of GABAA 

receptors that mediates inhibition, is the receptor to be discussed in this study.  

2.2.3.  GABRB3 Variants 

           NCBI/ClinVar, which we use as a data source, utilize standard terms 

recommended by an authoritative source for the clinical significance of variants. Five 

terms for Mendelian diseases are used as suggested by The American College of Medical 
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Genetics and Genomics (ACMG) / the Association for Molecular Pathology (AMP) 

(Richards et al., 2015). According to ACMG/AMP's proposed standards, it is 

recommended to use standard terminology such as "pathogenic," "likely pathogenic," "of 

uncertain significance," "likely benign," and "benign" to describe variants in genes linked 

to Mendelian disorders. In this study, variants with missense molecular consequence for 

the SNP variant type were analyzed in order to understand the genetic mechanisms 

underlying epilepsy. 

         The availability of the human genome sequence has made it possible to understand 

how SNP variants are distributed in different individuals and populations. These 

differences occur most commonly among genetic variations (rare variant, insertion and 

duplication, deletion, inversion). As mentioned before to define a variant as an SNP, it 

must be present in at least 1 percent  (%1) of the population. Thanks to the Human 

Genome Project, we can use SNPs in our genetic code as biological markers and find 

genes associated with disease. To explain genetic factors in a common and complex 

disease like epilepsy, we can pool together thousands of people with epilepsy and 

compare their SNP patterns with thousands of people without epilepsy. Furthermore, 

SNPs can occur in a regulatory region near a gene, affecting the function of the gene, 

resulting in a critical impact in disease. This undoubtedly shows that, although SNPs do 

not have a direct impact on diseases, some of these genetic differences are very important 

in human health research. The fact that SNPs help predict an individual's response to 

certain medications has spurred research to identify SNPs associated with complex 

diseases such as epilepsy. Therefore, the main motivation of this research is to understand 

the pathogenic effect of SNPs on epilepsy. 

       The literature review for the NM_000814.6(GABRB3):c.905A>G (p.Tyr302Cys) 

variant, given the RNA reference sequence (r.) and protein reference sequence (p.), will 

be an explanatory model in understanding the source of this study. Nucleotide and amino 

acid sequence information of the Tyr302Cys variation, a pathogenic SNP in GABRB3 

associated with  Epilepsy, childhood absence, susceptibility (ECA) (Epi4K Consortium, 

2013, Moller et al., 2017) according to NCBI/ClinVar data, is shown in table 1. 

 

https://www.ncbi.nlm.nih.gov/clinvar/variation/839250/
https://www.ncbi.nlm.nih.gov/medgen/C2677087/
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Table 1. Variant details of GABRB3 pathogenic SNP associated with epilepsy 

(The data was taken from NCBI/ClinVar, last accessed on January 25th, 2023) 

 

 

2.2.4. Clinical Highlights of GABRB3 

       Clinical studies reviewing the literature as well as data in the NCBI/Clinvar database 

have provided evidence that GABRB3 plays a role in developmental neurological 

disorders, including epilepsy (Lü et al., 2004; Kim et al., 2006).  

       According to NCBI/ClinVar data (last accessed: September 14th, 2023) , there are 

12 pathogenic missense  single nucleotide polymorphisms (SNPs) in the γ-aminobutyric 

acid  receptor subunit beta-3 (GABRB3) gene that have been associated with 

developmental and epileptic encephalopathy-43 (DEE43) and childhood absence 

epilepsy (ECA5 or CAE)  as shown in table 2. Mutations that did not meet the claim 

criteria were not included in the list. In this study, it was logical to focus on missense 

single nucleotide polymorphisms (SNPs) that mediate inhibition at the γ-aminobutyric 

acid (GABA) receptor while targeting the biological mechanisms responsible for 

epilepsy, which may be different in each individual. 

 

Table 2. GABRB3 missense pathogenic SNPs found in epilepsy  

(Linked literatures cited in NCBI- last accessed on September 14th, 2023) 

Name: NM_000814.6:c.905A>G                Position                                              Sequence 

                Accession   
 

 

         NM_000814.6                            NM_000814.6:r.1009              AAAATCCCCTATGTCAAAGCC 

         NP_000805.1                             NP_000805.1:p.302                 HLRETLPKIPYVKAIDMYLMG       

                                                        
 

 

AA 

change 

 

Protein 

 

Origin of 

inheritance 

 

Phenotype 

 

Reference 

L310R NP_000805.1:p.Leu310Arg 

 

de novo DEE43 Absalom et al., 2020; 

Richards et al., 2015 
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       In an in vitro study conducted on GABRB3 for the first time in 1997, Homanics and 

friends proved that GABAAR density was reduced and GABAAR function was impaired 

in the brain of Beta3-deficient mice (Homanics et al., 1997). Cases of epilepsy associated 

with variants in the GABRB3 gene were first reported by Tanaka and friends in 2008 

(Tanaka et al., 2008). One of the main motivations of this thesis was the demonstration 

that GABRB3 mutations can reduce GABA-induced current density in this  research. In 

vitro studies showed that the P11S, S15F and G32R variant reduced current due to 

M308R NP_000805.1:p.Met308Arg germline ECA1, ECA5 Nykamp et al., 2017 

K304R NP_000805.1:p.Lys304Arg germline ECA1, ECA5 Denommé-Pichon et al., 

2021 

Y302C NP_000805.1:p.Tyr302Cys germline ECA1, ECA5 Billakota et al., 2019; 

Epi4K Consortium 2013; 

Absalom et al., 2019 

T287I NP_000805.1:p.Thr287Ile germline DEE43, 

ECA1, ECA5 

Papandreou et al., 

2016; Trump et al., 2016 

S254F NP_000805.1:p.Ser254Phe germline ECA1, ECA5 Parrini et al., 2017; 

Nykamp et al., 2017; Liu 

et al., 2018 

 

P253T 

 

NP_000805.1:p.Pro253Thr 

 

germline 

 

 ECA1, ECA5 

 

Nykamp et al., 2017 

R232Q NP_000805.1:p.Arg232Gln germline ECA1, ECA5 Le et al., 2017; Møller et 

al., 2017; Nykamp et al., 

2017 

T157M NP_000805.1:p.Thr157Met germline ECA1, ECA5 Epi4K Consortium 2016, 

Absalom et al., 2019; 

Nykamp et al., 2017; 

Møller et al., 2017 

D120N NP_000805.1:p.Asp120Asn 

 

maternal,germline DEE43, 

ECA1, ECA5 

Janve et al., 2016;  Epi4K 

Consortium 2016; 

Møller et al., 2017; 

Nykamp et al., 2017 

R96S NP_000805.1:p.Arg96Ser germline ECA1, ECA5 Nykamp et al., 2017 

L52V NP_000805.1:p.Leu52Val germline ECA1, ECA5 Zhang et al., 2020; 

Nykamp et al., 2017 

Continued table 2. 

https://pubmed.ncbi.nlm.nih.gov/?term=Epi4K+Consortium%5BCorporate+Author%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Epi4K+Consortium%5BCorporate+Author%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Epi4K+Consortium%5BCorporate+Author%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Epi4K+Consortium%5BCorporate+Author%5D
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abnormal N-linked glycosylation. In addition, experiments in human and mouse cells 

have proven that some of the GABRB3 missense SNPs affect promoter activities by 

changing transcription binding motifs (Tanaka et al., 2012). One of the another critical 

study showed that GABRB3 variants, providing strong evidence that missense variants 

of the GABAARs can lead to a variety of clinical manifestations, were strongly associated 

with functional outcome of patients' clinical phenotypes (Absalom et al., 2022). 

Therefore, the structure and molecular pharmacology of GABRB3, the target gene of the 

research, will be examined under the next headings. 

2.2.5. Hot-Spot Domains of GABRB3 

       Until the 3D structure of GABAARs were elucidated by X-RAY DIFFRACTION 

with a resolution of 2.97 Å, analogy information with related proteins was used. The first 

3D crystal structure of human GABAAR, which allowed us to better understand the 

signaling mechanisms of pentameric ligand-gated ion channels, was discovered by Miller 

and Aricescu in 2014 (Miller and Aricescu, 2014). This first structure has a 

homopentameric feature (PDB ID: 4COF).  RCSB Protein Data Bank (RCSB.org) is an 

easily and freely accessible database of protein three-dimensional structures. Since 2014, 

the number of 3D biostructures in the PDB has reached approximately 200.000. 105.000 

of these are Eukaryotic protein structures, and more than half of them are known to be of 

human origin. 

       With the increasing availability of newly discovered 3D protein structure data, the 

discovery of heteromeric structures has become possible. It is theoretically possible for 

receptor subunits to come together in many different combinations. However, when the 

structures of receptor in various organisms were searched, it was seen that these 

combinations had some structural requirements in order to leave the endoplasmic 

reticulum  (ER) and reach the neuronal cell surface. It has been noticed that most of the 

GABAARs localized on the surface of neurons consist of 2α, 2β and 1γ subunits. In this 

study, the structure combining 2α, 2β and 1γ subunits, which is the most common 

heteromeric organization in the brain, was preferred for the GABRB3 3D structure 

according to PDB ID: 6HUO (Masiulis et al., 2019). After the 3D image of the structure 

was downloaded from PDB, it was edited to show the domains with the BIOVIA 

Discovery Studio Visualizer (DSV, 2021) program (fig. 5). 
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GABAAR subunits all have in common a basic scaffold consisting of a N-terminal 

extracellular domain of approximately 200 amino acids, four transmembrane domains, a 

cytoplasmic loop of variable size and amino acid sequence, and a shorter extracellular 

COOH-terminal sequence compared to the N-terminal. In figure 5C, the extracellular 

domain (ECD) containing β sheets, the transmembrane domain (TMD) containing α 

helices, and the intracellular domain (ICD) are shown schematically in GABAAR, which 

contains two β3 subunits. Cys Loop, β1–β2 (Loop 2) and TM2-TM3 Loop, which are key 

regions in receptor activation, are shown (fig. 5C). Subunit organization and major (+) 

and complementary (-) subunit interfaces in cross-section of the extracellular domain are 

shown in figure 5A. The TM2 ion channel is shown in the cross section taken from the 

intracellular domain region (fig. 5B).  

 

 

Figure 5. CryoEM structure of human heteromeric alpha1beta3gamma2 GABAAR. 

The model of  PDB ID: 6HUO (Masiulis et al., 2019 ) reference, resolution of 3.26 Å (electron microscopy) 

has been rearrenged in BIOVIA Discovery Studio Visualizer (DSV). Blue color represents β, yellow color 
represents α and purple color represents γ subunit. A, the layout of the subunits is shown in the cross-
sectional image obtained from the N- Terminal Domain. C, structurally and functionally important regions 
of the ECD, TMD, ICD domains are shown. B, the layout of the subunits is shown in the cross-sectional 
image obtained from the C- Terminal Pore Domain. It shows the TM2 domain of each subunit in GABAAR 
that aligns the ion pores (red color). 
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       Undoubtedly, in order to discover how β3 subunit variants that can cause epilepsy 

change the activation properties of the receptor, it is necessary to first understand the 

harmony of the GABAA receptor structure-function relationship. In this context, there is 

empirical evidence in the literature that opens the door. Our understanding of the 

assembly, trafficking and function of the N-terminal extracellular domain of GABAAR 

subunits has improved with experimental datas (Wong et al., 2015; Goetz et al., 2007; 

Jacob et al., 2008). The N terminus is a critical region for GABAergic signalling. The N-

terminal extracellular domain of the GABRB3 protein is the area where the receptor 

initiates activation by binding to GABA. Subunit interfaces located at extracellular 

domains contain binding sites for barbiturates, benzodiazepines, and other allosteric 

modulators, in addition to GABA.  

       The coupling region between the extracellular and transmembrane domains also 

plays a critical role in stabilizing the receptor. A study by Velisetty et al, proposed a 

working model about conformational changes at the intra- and intersubunit interfaces. 

The energy resulting from GABA binding in the extracellular space moves towards the 

channel pore, and at this stage, the β1-β2 Loop, β6-β7 Loop and TM2-TM3 loop change 

the conformation of the motifs in the extracellular space. Interface loops consist of β1-β2 

(Loop2), β6-β7 (Cys Loop) and β8-β9 segments in ECD, pre-TM1 and TM2-TM3, and 

the C-terminal end of TM4 in TMD (Velisetty et al., 2014). In the binding mechanism of 

an important neurotransmitter such as GABA, the signal is transmitted to the channel gate 

(TM2) via the ECD-TMD interface. Given the importance of this interface for signal 

transduction, it is possible that β3 subunit variants at this interface cause attenuation of 

signaling events and thus play a functional role in epilepsy. 

       TM2 segments define the pore space. The TM2 subunit is an important structural 

component in an ion channel pore that selects anion (mostly Cl-) permeability (fig. 5B). 

       The intracellular large loop between TM3 and TM4 (ICD) is the domain that interacts 

with intracellular proteins and ensures receptor trafficking and synaptic clustering. ICD 

is one of the regions where specific proteins bind to GABAAR and undergo post-

translational modifications such as phosphorylation (Lorenz-Guertin et al., 2018). 
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2.2.6. Molecular Pharmacology of GABRB3  

       GABA binds at the extracellular interface between the β3 subunit on the principal 

(+) and the α1 on the complementary (-) sides. To activate the GABAAR, two GABA 

molecules bind to the β3-α1 interfaces in the extracellular space (fig. 6). This activation 

process begins in the ligand binding region and continues with sequential conformational 

movements starting in the TM2-TM3 regions. As a result of these sequential movements, 

the TM2 regions bend and the pore opens.  

  

 

 

Figure 6.  GABA binding sites at β +/α− interfaces  

The model of  PDB ID: 6HUO (Masiulis et al., 2019) (3.26 Å) was recolored  in BIOVIA DSV. Top views 

of the 3D structure of the GABAA receptor-GABA complex, colored by subunit; α, yellow; β, blue; γ,  purple 

and GABA is shown as red balls. TMD and ICD areas were removed and then imaged from above by N-

Terminal to show two GABA-binding sites in GABAA receptor at β +/α− interfaces.  

 

       GABRB3 conformational dynamics is an important factor determining allosteric 

mechanisms and biological function. The GABA binding site, the active site, is where 

orthosteric agonists and antagonists bind. Apart from GABA, some of the other ligands 

that bind to and regulate various parts of GABAAR are; Orthosteric agonists such as 

gabox-adol, isoguvacin, muscimol and progabid activate the receptor, causing an increase 
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in Cl- conductance. Orthosteric antagonists such as bicu-culline and gabazine inhibit the 

effect of GABA and act by reducing Cl- conductance. Allosteric modulators bind to any 

part of the receptor. For example, barbiturates, benzodiazepines, alcohol, anesthetics and 

some neurosteroids show their effects by causing positive conformational changes in the 

receptor (Zhu et al., 2018). Examples of allosteric modulators with negative effects are 

pregnenolone sulfate and zinc. Non-competitive chloride channel blockers, such as 

picrotoxin, are ligands that block Cl- conductance. Preferred ligands for receptor 

activation are commonly; It is used as an anxiolytic, anticonvulsant, sedative and muscle 

relaxant (Ghit et al., 2021). 

       In Cys-loop receptors, neurotransmitter binding sites are located at the extracellular 

interface. Since the affinity of GABA molecule to GABRB3 mutations will be examined 

in this study, visualization was made only for GABA molecule. GABA typically binds 

between two adjacent subunits (fig. 6). The most common among GABAARs, the αβγ 

subtype (2α:2β:1γ), is characterized by two GABA binding sites at β +/α− interfaces 

(Miller and Aricescu, 2014; Ghit et al., 2021). While binding GABA to a location is 

sufficient for channel opening; when both spaces are occupied, the probability of the 

channel opening increases significantly.  

2.3. Computational Approaches 

       Computational approaches began to be used in scientific studies starting from the 

mid-1990s, largely by elucidating the human genome map with the Human Genome 

Project (HGP) (Collins and Fink, 1995). Computational approaches have become among 

the popular research techniques in the discovery of new drug candidates with the 

contribution of interdisciplinary research. Nowadays, various computational approaches 

are widely used in the drug discovery process, which is quite complex, time-consuming 

and costly, due to its effectiveness in designing a suitable algorithm framework and 

predicting complex problems. 

        In general, the goal of in silico prediction methods in drug discovery is to produce 

more effective drug substance compounds by managing intense data flow with various 

algorithms. Computational tools commonly used to predict pathogenicity each have their 

own strengths and weaknesses. The purposes and methods used of these programs vary.  
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2.3.1. Prediction Methods 

       As DNA sequencing costs have decreased in recent years, the number of sequencing 

data sets obtained from individuals representing a population has increased inversely. 

Many prediction tools with high accuracy scores continue to be designed to process these 

large data sets correctly and help disease discovery with the right target-oriented 

algorithms. 

        Prediction tools are frequently used methods to detect different types of traits such 

as single nucleotide polymorphisms (SNPs), small insertions and deletions (indels), and 

duplications. 

2.3.2. Molecular Docking 

       Computer-aided drug design (CADD), which has become widely used in 

personalized drug development, includes structure-based drug design (SBDD) for binding 

affinity predictions (Kroemer, 2007). It obtains the structural data necessary for the 

prediction of the interaction strength between target proteins and small molecules 

(ligands) either from experimental data (electron microscopy, x-ray diffraction) or from 

homology modeling if the structure is unknown. 

       Molecular docking involves the prediction of ligand conformation and orientation 

within a targeted binding site when a ligand and a target bind together to form a stable 

complex (Lengauer and Rarey, 1996; Kitchen et al., 2004). By using molecular docking 

in drug development, accurate structural modeling and accurate prediction of activity can 

be achieved. 

       Binding affinity is the strength of the binding interaction between a biomolecule such 

as a protein and its ligand such as a drug. The stronger the binding interaction, the more 

the ligand will affect the physiological function of target proteins. Therefore, in this study, 

in order to contribute to the development of individual treatment methods, the weaker 

binding affinities that may occur between the target protein, that is, GABRB3 variants 

and the GABA molecule in this study, were calculate.  
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3. EQUIPMENT and METHOD 

 

 

3.1. Retrieval of Missense SNPs 

       The National Center for Biotechnology Information (NCBI) - ClinVar database 

(https://www.ncbi.nlm.nih.gov/clinvar/) was used to retrieve missense SNPs of the 

GABRB3 gene (NCBI Gene ID: 2562) in December 2th, 2022. ClinVar is a freely 

accessible, public archive of reports on relationships between human variations and 

phenotypes, with advanced search options and supporting evidence (Landrum et al. 

2014). The FASTA format sequence of the protein, UniProt entry name 

(GBRB3_HUMAN) and UniProtKB number (P28472) of gamma-aminobutyric acid 

receptor subunit beta-3 was retrieved from the UniProt (https://www.uniprot.org/) 

database in December, 2023. UniProt Knowledge Base (UniProtKB) is a freely accessible 

resource that serves to collect functional information about proteins with comprehensive 

descriptions.  

3.2. Analysis of Variant Effect 

3.2.1. Functional Impacts  

       Six different bioinformatics tools (SIFT, PolyPhen-2, PANTHER-PSEP, SNAP2, 

FATHMM-XF, PhD-SNP) were used for functional analysis and disease-related of 

missense SNPs. Methods that reference protein sequence homology assume that frequent 

substitutions between branches are benign and that homologous proteins share the same 

functions. However, in this study, amino acid positions that are important for the function 

to be called pathogenic must be preserved in the protein family sequence. 

       The SIFT (Sorting Intolerant From Tolerant), PhD-SNP (Predictor of human 

Deleterious Single Nucleotide Polymorphisms), and PANTHER-PSEP (Protein Analysis 

Through Evolutionary Relationships / position-specific evolutionary preservation) 

prediction methods used in this in silico study for variant effect are primarily based on 

protein sequence homology.  

https://www.ncbi.nlm.nih.gov/clinvar/
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       The SIFT (https://sift.bii.a-star.edu.sg/)  predicts, using sequence homology, whether 

an amino acid substitution will alter protein function and phenotype (Ng and Henikoff, 

2001). The SIFT algorithm focuses on the evolutionary conservation of amino acids 

within protein families. The PhD-SNP  (https://snps.biofold.org/phd-snp/phd-snp.html) 

is based a SVM (Support Vector Machines)-based classifier (Capriotti et al. 2006). PhD-

SNP combines multiple sequence alignment data and the mutation environment within 

the surrounding protein sequence to produce an output in the same SVM classifier. The 

PANTHER-PSEP (https://www.pantherdb.org/) is another method that based on 

sequence homology to predict whether the variant causes a functional effect on the protein 

(Tang and Thomas, 2016). The homologous sequences of the protein of interest are 

collected, aligned, and a measure of conservation is calculated based on the weighted 

frequencies of the different amino acids observed at the target location in the alignment 

(in millions of years).  

       To improve the accuracy of the prediction, prediction tools PolyPhen-2 

(Polymorphism Phenotyping v2), FATHMM-XF (FATHMM with extended features) and 

SNAP2, which use multiple features as well as sequence homology, were used. These 

tools exploit multiple properties such as molecular functions and physicochemicals. To 

obtain reliable results, it is inevitable to introduce machine learning methods at this stage. 

The PolyPhen 2 (http://genetics.bwh.harvard.edu/pph2/) extracts the sequence and 

structure-based features of that region for amino acid replacement and classifies these 

features in a probabilistic manner using a Bayesian approach (Adzhubei et al., 2010). The 

PolyPhen-2 is based on a number of features comprising the sequence of protein, 

phylogenetic and structural information. The user can choose between two types of data 

sets: HumDiv (trained using rare alleles causing Mendelian disease) that is used in this 

study and HumVar (trained using more common alleles and nonsynonymous SNPs) 

(Adzhubei et al. 2013). The FATHMM-XF (http://fathmm.biocompute.org.uk/fathmm-

xf/) predicts whether single nucleotide polymorphisms (SNPs) in the human genome will 

be functional in inherited diseases (Rogers et al., 2018). The SNAP2 

(https://www.rostlab.org/services/snap/) is a trained classifier based on a neural network-

based machine learning device that predicts the functional effects of mutations. Besides 

the evolutionary information from multiple sequence alignment, structural features such 

as predicted secondary structure and solvent accessibility are also taken into account 

(Hecht et al., 2015).  

https://sift.bii.a-star.edu.sg/
https://link.springer.com/article/10.1007/s10528-023-10409-6#ref-CR30
https://snps.biofold.org/phd-snp/phd-snp.html
https://www.pantherdb.org/
http://genetics.bwh.harvard.edu/pph2/
http://fathmm.biocompute.org.uk/fathmm-xf/
http://fathmm.biocompute.org.uk/fathmm-xf/
https://www.rostlab.org/services/snap/
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3.2.2. Protein Stability Analysis 

       There is a possibility that missense SNPs may change the stability of the protein and 

therefore it is important to evaluate impact of variants on protein function. In this study, 

two web-based tools were used to evaluate whether there was a possibility of stabilizing 

or destabilizing the protein structure, and these were I-Mutant 3.0 and MUpro. The I-

Mutant 3.0 tool (http://gpcr2.biocomp.unibo.it/cgi/predictors/I-Mutant3.0/I-

Mutant3.0.cgi/)  is used to determine the effect of nsSNPs on protein stability (Capriotti 

et al. 2005). The MUpro web server (http://www.igb.uci.edu/servers/servers.html.) uses 

support vector machines that predict protein stability changes for single amino acid 

mutations, using sequence and structural information of the protein (Cheng et al., 2006).  

3.2.3. Phylogenetic Conservation  

       The evolutionary conservation of residues in GABRB3 is predicted via the ConSurf  

(https://consurf.tau.ac.il/) server (Ashkenazy et al., 2016, Armon et al., 2001). The 

ConSurf server is a homology-based prediction method which provide a "conservation" 

score for each protein residue rather than for each amino acid substitution  

3.2.4. Molecular Mechanisms 

       MutPred2 (http://mutpred.mutdb.org/), a web tool that uses many features such as 

structure, function description, and evolutionary features, was used to predict the 

pathogenicity that may be caused by missense SNPs of GABRB3 (Pejaver et al. 2020). 

MutPred2 uses a machine learning-based method for the prediction of specific molecular 

changes of SNPs that affect the phenotype.  

3.3. Structural Properties and Modeling  

       The HOPE (https://www.cmbi.umcn.nl/hope/) collects and combines available 

information from various web services and databases to present the structural effects of a 

point mutation in a protein sequence (Venselaar et al., 2010). HOPE presents the results 

by creating a report full of figures and animations. The inclusion of HOPE in this study 

also allows validating structural performance in SWISS-MODEL and UCSF Chimera 

1.17.3. 

http://gpcr2.biocomp.unibo.it/cgi/predictors/I-Mutant3.0/I-Mutant3.0.cgi/
http://gpcr2.biocomp.unibo.it/cgi/predictors/I-Mutant3.0/I-Mutant3.0.cgi/
http://www.igb.uci.edu/servers/servers.html
https://link.springer.com/article/10.1007/s10528-023-10409-6#ref-CR4
https://www.cmbi.umcn.nl/hope/
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       Homology model of the wild type (wt) of GABRB3 and the mutant type (mt) of 

pathogenic missense SNPs superimposed proteins were performed by the Swiss-Model 

database (https://swissmodel.expasy.org/)   and the UCSF Chimera 1.17.3 program  

(https://www.cgl.ucsf.edu/chimera/download.html/). The reason for using the homology 

model, even though the protein structure was known, was to validate the superimposed 

molecular image of WT and MT. SWISS-MODEL was used to create homology 

modeling of pathogenic missense SNPs found in this study (Waterhouse et al., 2018). The 

UCSF Chimera 1.17.3 program was used to visualize three-dimensional models of the 

molecular structures of WT and MT protein (Pettersen et al., 2004). It can be downloaded 

free of charge for non-commercial use. 

3.4. Molecular Docking 

       In the study, the MGLTools software package, supporting AutoDockTools-1.5.7, 

was used for visualization and analysis of molecular structures. Moleculer Graphics 

Laboratory (MGL), founden by Arthur Olson in 1981. AutoDock Vina 

(https://ccsb.scripps.edu/mgltools/downloads/), a program for molecular docking and 

virtual screening, was used for binding affinity values. AutoDock Vina (Trott and Olson, 

2010; Eberhardt et al., 2021) was used to demonstrate binding affinity interactions 

between variants predicted as GABRB3 pathogenic missense SNPs and gamma-

aminobutyric acid examined as ligand. Visualization of hydrogen bond interactions and 

generating the graphical results were performed with BIOVIA Discovery Studio 

Visualizer (Discovery Studio Visualizer 2021, v21.1.0.20298). 

(https://discover.3ds.com/discovery-studio-visualizer-download). 

 

 

 

 

 

 

 

 

https://swissmodel.expasy.org/
https://www.cgl.ucsf.edu/chimera/download.html/
https://ccsb.scripps.edu/mgltools/downloads/
https://discover.3ds.com/discovery-studio-visualizer-download
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4. FINDINGS 

 

4.1. Workflow  

       In this study, various computational methods were used to identify  the pathogenic 

missense SNPs of gamma-aminobutyric acid receptor subunit beta-3 (GABRB3) / 

Isoform 1 precursor (Homo sapiens) to better understand the pathophysiology of epilepsy 

(fig. 7). In the continuation of the study, changes in ligand-protein binding affinities are 

shown along with variants of all reported binding sites compatible with the literature 

using a molecular docking approach.  

       Multiple computational methods were used to estimate pathogenicity in this study. 

The purpose of using two or more algorithms for the prediction of the most deleterious 

missense SNPs is to increase the confidence level of the prediction analysis. Some tools 

used in the study are based on protein sequence homology (SIFT, PhD-SNP, PANTHER-

PSEP, FATHMM-XF) and prediction is strengthened with function annotations and 

structural information when necessary (Ng and Henikoff, 2001; Capriotti et al., 2006; 

Tang and Thomas, 2016; Rogers et al., 2018). Some prediction methods (ConSurf) 

provide a “conservation” score for each protein residue rather than each amino acid 

substitution (Ashkenazy et al., 2016; Armon et al., 2001), some prediction methods 

(MutPred2, PolyPhen-2, SNAP2) are based on molecular functions (Adzhubei et al., 

2010; Hetch et al., 2015; Pejaver et al., 2020 ) and physicochemical properties (Stone 

and Sidow, 2005 ) and some (MUPro, I-Mutant 3.0) based on the folding stability of the 

protein (Cheng et al., 2006; Capriotti et al., 2005). 

       While scanning the literature, the purpose and scope of the thesis topic were 

determined and accordingly, only English sources were used in PubMed. PubMed is a 

widely used search engine for biomedical literature, developed and maintained by the US 

National Library of Medicine/National Center for Biotechnology Information. 

 

https://link.springer.com/article/10.1007/s10528-023-10409-6#ref-CR30
https://link.springer.com/article/10.1007/s10528-023-10409-6#ref-CR4
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Figure 7. Workflow 

Workflow diagram of in silico analysis steps taken to predict the effect of gamma-aminobutyric acid 

receptor subunit beta-3 (GABRB3) / Isoform 1 precursor (Homo sapiens) pathogenic VUSs on protein 

structure and function. Five VUSs (Y182C, F225V, T227A, T227P, Y230C) are included in the molecular 

docking study, because they are found in the GABA binding site expressed in the gaba-aminobutyric acid 

receptor subunit beta-3 (GABRB3). Four VUSs, which are not associated with epilepsy, are not included 

in the study (NCBI/ClinVar). This schema was created by Adobe Illustrator Artwork 22.0. 

 

4.2. Retrieving GABRB3 Gene Variants 

       The gamma-aminobutyric acid type A receptor subunit beta3 (GABRB3) gene (NCBI 

Gene ID: 2562) is a protein-coding gene that is located at 15q12. 

       When the number of variation types was screened, 852 variation types were obtained 

from the NCBI/ClinVar database in the GABRB3 gene (accessed in December, 2022). 

Among these variants, there were 465 single nucleotide, 190 deletion, 161 duplication, 

32 insertion and 4 indel variants (fig. 8A). 238 missense SNPs were selected from the total 

of variants for further analysis because they may change the function of the receptor by 

affecting the protein structure or increase susceptibility to different diseases (fig. 8B). The 

distribution of total missense SNPs reported in human GABRB3 was as follows; 152 were 

uncertain significance, 42 were probably pathogenic, 17 were pathogenic, 16 were 

probably benign, 14 had conflicting interpretations, and 6 were benign (fig. 8C). The 

uncertain significance of SNPs in gamma-aminobutyric acid receptor subunit beta-3 may 

cause complex changes in receptor properties, resulting in loss of function. Therefore, 

152 uncertain significances were chosen to understand how they affect the function of 

GABRB3. Only missense SNPs belonging to NCBI Reference Sequence: NM_000814.6 

were included in the study (number of uncertain significance SNPs=141). 
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       Bioinformatics tools to be used for pathogen effect analysis on protein in this in silico 

study will require amino acid sequencing. The FASTA (canonical) format of protein 

sequence of the gamma-aminobutyric acid subunit beta-3 isoform 1 precursor human 

gene (NCBI Reference Sequence: NP_000805.1) was retrieved from the UniProt database 

(P28472.GBRB3_HUMAN). The FASTA sequence of GABRB3, which has 473 amino 

acids, was obtained from the https://rest.uniprot.org/uniprotkb/P28472.fasta website  

(fig. 9). 

        

 

 

 

 

Figure 8. Distribution of GABRB3 SNPs 

The graphs display the distribution of GABRB3 SNPs based on the ClinVar/NCBI database. (A) The pie 

chart displaying the total number (n= 852) of variation types of gamma-aminobutyric acid subunit beta-3 

(GABRB3) human gene [Single nucleotide (n=465), Deletion (n=190), Duplication (n=161), Insertion 

(n=32) and Indel (n=4)] . (B) The graphic displays number of  UTR (n=61), Near gene (n=0), ncRNA 

(n=55), Splice site (n=3), Nonsense (n=13), Missense (n=238) and Frameshift (n=0) SNPs in human 

GABRB3 gene. (C) Graphical representation of the number of missense variations (n=238) classified 

according to their clinical significance as reported on ClinVar ; Conflicting interpretations (n=14), Benign 

(n=6), Likely benign (n=16), Uncertain significance Only missense SNPs belonging to NCBI Reference 

Sequence: NM_000814.6 were included in the study (n=141), Likely pathogenic (n=42) and Pathogenic 

(n=17). 

 

https://rest.uniprot.org/uniprotkb/P28472.fasta
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Figure 9. The FASTA format of GABRB3 

 

4.3.  Identification of the Pathogenic Missense SNPs 

4.3.1. Analysing Functional Impacts of Missense SNPs 

       The results of the missense SNPs whose functional effects we analyzed in six 

programs (SIFT, PANTHER-PSEP, FATHMM-XF, PolyPhen-2, SNAP2 and PhD-SNP) 

were compared. According to these thresholds given by six prediction tools, 43 out of 

141 missense SNPs were analyzed as the pathogenic. Variants with the highest score in 

all six tools were selected for the further study (table 3). 

 

Table 3. Pathogenity outputs. 

 Results of gamma-aminobutyric acid receptor subunit beta-3 (GABRB3) missense SNPs analysis using 

SIFT, PolyPhen-2, PANTHER-PSEP, FATHMM-XF, PhD-SNP and SNAP2. 

 

AA 
Change  

SIFT PolyPhen-2 PANTHER-PSEP 
FATHMM-

XF 
PhD-
SNP 

SNAP2 

Y471C intolerant PROBABLY DAMAGING PROBABLY DAMAGING pathogenic Disease  Effect 

Y467S intolerant PROBABLY DAMAGING PROBABLY DAMAGING pathogenic Disease  Effect 

 Y467H intolerant PROBABLY DAMAGING PROBABLY DAMAGING pathogenic Disease  Effect 

Y329H intolerant PROBABLY DAMAGING PROBABLY DAMAGING pathogenic Disease    Effect 

A320T intolerant PROBABLY DAMAGING PROBABLY DAMAGING pathogenic Disease    Effect 

V317A intolerant PROBABLY DAMAGING PROBABLY DAMAGING pathogenic Disease    Effect 

K304E intolerant PROBABLY DAMAGING PROBABLY DAMAGING pathogenic Disease    Effect 

P298S intolerant PROBABLY DAMAGING PROBABLY DAMAGING pathogenic Disease    Effect 

>sp|P28472|GBRB3_HUMAN Gamma-aminobutyric acid receptor subunit beta-3 

MWGLAGGRLFGIFSAPVLVAVVCCAQSVNDPGNMSFVKETVDKLLKGYDIRLRPDFGGPP  
VCVGMNIDIASIDMVSEVNMDYTLTMYFQQYWRDKRLAYSGIPLNLTLDNRVADQLWVPD  
TYFLNDKKSFVHGVTVKNRMIRLHPDGTVLYGLRITTTAACMMDLRRYPLDEQNCTLEIE  
SYGYTTDDIEFYWRGGDKAVTGVERIELPQFSIVEHRLVSRNVVFATGAYPRLSLSFRLK  
RNIGYFILQTYMPSILITILSWVSFWINYDASAARVALGITTVLTMTTINTHLRETLPKI  
PYVKAIDMYLMGCFVFVFLALLEYAFVNYIFFGRGPQRQKKLAEKTAKAKNDRSKSESNR  
VDAHGNILLTSLEVHNEMNEVSGGIGDTRNSAISFDNSGIQYRKQSMPREGHGRFLGDRS  
LPHKKTHLRRRSSQLKIKIPDLTDVNAIDRWSRIVFPFTFSLFNLVYWLYYVN   
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R294Q intolerant PROBABLY DAMAGING PROBABLY DAMAGING pathogenic Disease    Effect 

L293P intolerant PROBABLY DAMAGING PROBABLY DAMAGING pathogenic Disease    Effect 

V283M intolerant PROBABLY DAMAGING PROBABLY DAMAGING pathogenic Disease    Effect 

T282A intolerant PROBABLY DAMAGING PROBABLY DAMAGING pathogenic Disease    Effect 

T281A intolerant PROBABLY DAMAGING PROBABLY DAMAGING nf* Disease    Effect 

G279R intolerant PROBABLY DAMAGING PROBABLY DAMAGING pathogenic Disease    Effect 

N268K intolerant PROBABLY DAMAGING PROBABLY DAMAGING pathogenic  Disease    Effect 

S264F intolerant PROBABLY DAMAGING PROBABLY DAMAGING pathogenic Disease    Effect 

S234L intolerant PROBABLY DAMAGING PROBABLY DAMAGING pathogenic Disease  Effect 

Y230C intolerant PROBABLY DAMAGING PROBABLY DAMAGING pathogenic Disease  Effect 

T227P intolerant PROBABLY DAMAGING PROBABLY DAMAGING pathogenic Disease  Effect 

D188V intolerant PROBABLY DAMAGING PROBABLY DAMAGING pathogenic Disease  Effect 

Y182H intolerant PROBABLY DAMAGING PROBABLY DAMAGING pathogenic Disease  Effect 

C175W intolerant PROBABLY DAMAGING PROBABLY DAMAGING pathogenic Disease  Effect 

P169L intolerant PROBABLY DAMAGING PROBABLY DAMAGING pathogenic Disease  Effect 

A160E intolerant PROBABLY DAMAGING PROBABLY DAMAGING pathogenic Disease  Effect 

A160V intolerant PROBABLY DAMAGING PROBABLY DAMAGING pathogenic Disease  Effect 

L153P intolerant PROBABLY DAMAGING PROBABLY DAMAGING pathogenic Disease  Effect 

Y151C intolerant PROBABLY DAMAGING PROBABLY DAMAGING pathogenic Disease  Effect 

V149M intolerant PROBABLY DAMAGING PROBABLY DAMAGING pathogenic Disease  Effect 

D146A intolerant PROBABLY DAMAGING PROBABLY DAMAGING pathogenic Disease  Effect 

L143R intolerant PROBABLY DAMAGING PROBABLY DAMAGING pathogenic Disease  Effect 

R142C intolerant PROBABLY DAMAGING PROBABLY DAMAGING pathogenic Disease  Effect 

N138T intolerant PROBABLY DAMAGING PROBABLY DAMAGING pathogenic Disease  Effect 

H132Y intolerant PROBABLY DAMAGING PROBABLY DAMAGING pathogenic Disease  Effect 

Y99C intolerant PROBABLY DAMAGING PROBABLY DAMAGING pathogenic Disease    Effect 

 D94E intolerant PROBABLY DAMAGING PROBABLY DAMAGING pathogenic Disease    Effect 

Y82S intolerant PROBABLY DAMAGING PROBABLY DAMAGING pathogenic Disease    Effect 

Y82C intolerant PROBABLY DAMAGING PROBABLY DAMAGING pathogenic Disease    Effect 

M80R intolerant PROBABLY DAMAGING PROBABLY DAMAGING pathogenic Disease    Effect 

D73H intolerant PROBABLY DAMAGING PROBABLY DAMAGING pathogenic Disease    Effect 

G57R intolerant PROBABLY DAMAGING PROBABLY DAMAGING pathogenic Disease    Effect 

R51G intolerant PROBABLY DAMAGING PROBABLY DAMAGING pathogenic Disease    Effect 

D49E intolerant PROBABLY DAMAGING PROBABLY DAMAGING pathogenic Disease    Effect 

Y48C intolerant PROBABLY DAMAGING PROBABLY DAMAGING pathogenic Disease    Effect 

 * nf: not found 

       The SIFT prediction score ranges from 0 to 1 and is the scaled probability of 

tolerating an amino acid. The amino acid substitution is predicted damaging is the score 

is <= 0.05, and tolerated if the score is > 0.05. If the score in the SIFT program is below 

0.05, the substituted amino acid is predicted to be related with pathogenic (Scores greater 

than 0.01 were not included in the study). According to the results (accessed on  February 

Continued Table 3 
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20th, 2023), 73 were predicted as deleterious, 64 were as tolerated, and 4 had low 

confidence. Phd-SNP algorithm produces two types of predictions, Disease or Neutral.  

In the study, all amino acid variations that resulted in disease were classified as 

pathogenic, regardless of the reliability index (RI) score that accompanies the output. In 

PhD-SNP out of 141 uncertain significance SNPs, 80 were found as disease and 61 were 

found as neutral (accessed on  March 3th, 2023). The PANTHER-PSEP result is classified 

as possibly damaging, probably damaging, and likely benign. Results with a Pdel score 

of PANTHER-PSEP of 0.74 ≤ probably damaging  ≤ 1 were taken into account in the 

study. This corresponds to a preservation time (P.Time) of over 750 years as seen in the 

table 3 (accessed on  March 12th, 2023). 

       The study included different prediction algorithms to support the results. PolyPhen-

2 uses phylogenetic and structural information of the receptor (GABRB3) to predict the 

possible impact of found missense SNPs on GABRB3 structure and function. HumDiv 

results from one of the two datasets in PolyPhen-2, were analyzed in this study. Outputs 

are classified as Probably Damaging, Possibly Damaging, or Benign. PolyPhen-2 

prediction results consist of a score starting from zero (neutrality) and increasing towards 

positive numbers (damaging effect). Out of 141 uncertain significance SNPs, 69 were 

determined as probably damaging, 18 as possible damaging and 54 as benign (accessed 

on March 15th, 2023). Predictions are scored (p-value) in the range of 0-1 in FATHMM-

XF.  Predictions are scored (p-value) in the range of 0-1. If the p-value is above 0.5 (>0.5), 

it is predicted as pathogenic, and values below 0.5 (<= 0.5) are predicted as neutral or 

benign. According to the results, 114 uncertain significance SNPs were predicted as 

pathogenic, 6 were as nf (not found) and 21 were as benign (accessed on March 19th, 

2023). SNAP2, another tool that predicts the effect of single amino acid substitutions on 

protein function, was included in the analysis. It presents the output as neutral or effect 

by giving a score between -100 and +100 with expected accuracy. SNAP2 results that 

were both effective and had an expected accuracy rate of over 50 percent were selected. 

According to the uncertainly significant SNP results of GABRB3, 72 were found to be 

effective and 69 were neutral (accessed on March 25, 2023). 

4.3.2. Impact of Missense SNPs on Protein Stability 

       To make protein stabilization predictions for missense SNPs, the results predicted as 

pathogenic in step 1 (n=43) were sent to the I-Mutant 3.0 and MUpro softwares.  
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       I-Mutant 3.0 predicts the effect of missense SNPs on the free energy change Delta 

Delta G (ΔΔG) value. The resulting outputs are reported using SVM2 (support vector 

machine) binary classification  (ΔΔG <0: Decrease Stability and ΔΔG >0: Increase 

Stability). These 43 SNPs predicted as pathogen were further analyzed by the I-Mutant 

3.0 server; this determined that all 43 of the SNPs decreased protein stability (accessed 

on April 4th, 2023). MUpro and I-Mutant 3.0 results are shown in Data Sheet 1. 

       MUpro predict protein stability changes on Gibbs free energy (Delta Delta G: ΔΔG). 

MUpro outputs binary classification as ΔΔG < 0 (decreases the structural stability of the 

protein) and ΔΔG > 0 (increases the structural stability of the protein). MUpro output also 

gave the same results with I-Mutant 3.0 server for 43 SNPs (accessed on April 4th, 2023). 

4.3.3. Identification of Functional and Structural Regions 

ConSurf server determines conservation scores by coloring the value between 1 (the least 

conserved) and 9 (the most conserved). An amino acid is a functional residue if it is 

preserved and exposed, meaning it is highly conserved. If preserved and buried, it is a 

structural residue and again means highly conserved. The predicted conservation score 

revealed that 25 amino acids of the GABRB3  are located in the highly conserved region 

as shown in table 4. 

A.A 

Change 

Conservation 

score 

Location Prediction A.A 

Change 

Conservation 

score 

Location Prediction 

Y471 9 (preserved) exposed functional C175 9 (preserved) buried structural 

Y467 x 2 9 (preserved) buried structural P169 9 (preserved) exposed functional 

Y329 7 (preserved) buried - A160  x 2 6 (average) exposed - 

A320 8 (preserved) buried structural L153 7 (preserved) buried - 

V317 8 (preserved) buried structural Y151 8 (preserved) buried structural 

K304 9 (preserved) exposed functional V149 7 (preserved) buried - 

P298 9 (preserved) exposed functional D146 7 (preserved) exposed - 

R294 8 (preserved) exposed functional L143 7 (preserved) buried - 

L293 6 (average) buried - R142 8 (preserved) exposed functional 

V283 8 (preserved) buried structural N138 9 (preserved) exposed functional 

T282 9 (preserved) buried structural H132 9 (preserved) exposed functional 

Table 4.  Conservation analysis 

Identification of Higly Conserved Functional and Structural Regions on ConSurf  Server is shown 

(Date: March 12th,2023). * Amino acid names in bold are the names filtered on the ConSurf server 

(N=25). **X2 : 2 amino acid changes in the same substitution. 
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4.3.4. Pathogenicity of GABRB3 by Prediction of Molecular Mechanisms 

       The pathogenicity of predicted missense SNPs of GABRB3 and their molecular 

mechanisms were determined by MutPred2. The average of the scores from all neural 

networks in MutPred2 gives the overall pathogenicity score (g), which is the score output 

of MutPred2. A value of g >=0.5 (a score threshold of 0.50)  expresses the probability 

that the amino acid substitution is pathogenic.  

       In MutPred2, 21 missense SNPs (N=21) with the score greater than 0.75 (g > 0.75) 

and top molecular feature score p value less than 0.01 (p < 0.01) were filtered as very 

confident hypotheses (table 5). 

 

Table 5. Alterations of molecular mechanisms 

21 amino acid changes filtered (N=21)  with  ‘’ g > 0.75 and p < 0.01 ‘’ as very confident hypotheses 

(Date: March 18th, 2023). * Mutpred score >0.50 is considered pathogenic.** Pr: Posterior probability 

of molecular mechanism. *** P-value : The top molecular properties score. The predictions which are 

very confident hypotheses shown in bold font. 

 

Y471C                           0.933                    Altered Ordered interface                   0.33             3.2e-03      very confident hypotheses 

                                                                      Altered Transmembrane protein       0.38             1.5e-05      very confident hypotheses 

                                                                      Loss of Strand                                        0.27             0.03            confident hypotheses  

                                                                      Loss of Sulfation at Y470                     0.04             0 .01           confident hypotheses 

 Y467S                            0.931                   Altered Ordered interface                    0.48            2.9e-04       very confident hypotheses 

                                                                     Altered Transmembrane protein        0.29             2.1e-04       very confident hypotheses 

                                                                     Loss of Sulfation at Y470                      0.04              0.01            confident hypotheses 

 Y467H                           0.916                   Altered Ordered interface                    0.55              8.8e-05      very confident hypotheses 

T281 9 (preserved) buried structural Y99 5 (average) buried - 

G279 8 (preserved) buried structural  D94 9 (preserved) exposed functional 

N268 7 (preserved) exposed - Y82 x 2 7 (preserved) buried - 

S264 9 (preserved) buried structural M80 9 (preserved) buried structural 

S234 5(average) exposed - D73 8 (preserved) exposed functional 

Y230 7 (preserved) buried - G57 5 (average) exposed - 

T227 7 (preserved) exposed - R51 7(preserved) exposed - 

D188 7 (preserved) exposed - D49 8 (preserved) exposed functional 

Y182 8 (preserved) exposed functional Y48 9 (preserved) exposed functional 

Substitution            Mutpred score * 
 

 
Molecular 

mechanism 
Pr** P-value***   Prediction 

(Continued table 4) 
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                                                                     Altered Transmembrane protein        0.31              9.7e-05      very confident hypotheses  

                                                                     Altered Metal binding                           0.09              0.01            confident hypotheses 

                                                                     Loss of Sulfation at Y470                      0.04               0.01            confident hypotheses 

                                                                      

  A320T                           0.825                   Altered Ordered interface                   0.25              0.02             confident hypotheses 

  V317A                           0.845                   Gain of Helix                                           0.27             0.03             confident hypotheses                           

                                                                      Loss of Strand                                         0.26             0.04             confident hypotheses 

                                                                      Altered Transmembrane protein        0.12             0.03             confident hypotheses 

  K304E                           0.911                    Loss of Strand                                         0.26             0.04             confident hypotheses 

                                                                      Altered Transmembrane protein         0.10            0.04             confident hypotheses 

  P298S                           0.877                    Altered Transmembrane protein         0.26            1.2e-03       very confident hypotheses 

                                                                      Gain of Strand                                          0.26            0.04             confident hypotheses 

   R294Q                         0.843                   Altered Transmembrane protein          0.29            2.9e-04        very confident hypotheses 

                                                                      Gain of GPI-anchor amidation              0.04            5.3e-03        very confident hypotheses 

                                                                                          at N290   

 

   V283M                        0.870                   Altered Transmembrane protein          0.28            4.1e-04        very confident hypotheses 

                                                                     Loss of Strand                                            0.27            0.02             confident hypotheses 

   T282A                          0.901                  Altered Transmembrane protein           0.32            7.8e-05        very confident hypotheses 

                                                                     Altered Ordered interface                      0.28             0.04             confident hypotheses 

                                                                     Gain of Strand                                           0.28            7.6e-03        very confident hypotheses 

   T281A                          0.886                  Altered Transmembrane protein           0.35            2.4e-05        very confident hypotheses 

                                                                     Loss of Strand                                            0.27            0.02             confident hypotheses 

  

G279R                       0.960                Altered Ordered interface                        0.35              4.3e-03          very confident hypotheses 

                                                              Altered Transmembrane protein            0.29              3.8e-04         very confident hypotheses 

                                                              Loss of Strand                                             0.27                0.02             confident hypotheses 

S264F                         0.926               Altered Disordered interface                    0.27               0.05              confident hypotheses 

                                                              Altered Ordered interface                         0.26               0.02              confident hypotheses 

                                                                                                Altered Transmembrane protein              0.24              1.8e-03         very confident hypotheses  

Y182H                         0.909               Altered Ordered interface                         0.42               8.0e-04         very confident hypotheses 

                                                              Altered Transmembrane protein             0.30               1.5e-04         very confident hypotheses 

                                                              Gain of Relative solvent accessibility      0.24                0.04              confident hypotheses 

                                                              Gain of Catalytic site at E180                    0.12                0.03              confident hypotheses 

                                                              Loss of Sulfation at Y184                           0.07                4.5e-03         very confident hypotheses 

C175W                       0.952                Altered Metal binding                               0.69                 1.1e-03        very confident hypotheses 

                                                              Altered Transmembrane protein           0.33                  5.4e-05        very confident hypotheses 

 

 

    

                                                        Substitution         Mutpred score               Molecular mechanism                        Pr               P-value              Prediction     

(Continued table 5) 
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                                                              Altered Ordered interface                       0.31                  0.01              confident hypotheses 

                                                              Gain of Strand                                            0.26                  0.05              confident hypotheses 

                                                              Gain of N-linked glycosylation                0.16                  4.9e-03         very confident hypotheses 

                                                                              at N174 

                                                              Loss of Catalytic site at E180                   0.11                  0.03              confident hypotheses 

 

P169L                        0.927                 Altered Transmembrane protein           0.40                   4.9e-06        very confident hypotheses 

                                                              Altered Ordered interface                       0.32                   0.01             confident hypotheses 

                                                              Gain of Helix                                               0.27                   0.03             confident hypotheses 

                                                              Altered Metal binding                              0.25                   9.8e-03        very confident hypotheses 

                                                              Gain of N-linked glycosylation                0.13                   7.3e-03        very confident hypotheses 

                                                                               at N174 

 

Y151C                       0.931                 Altered Transmembrane protein           0.34                 5.4e-05           very confident hypotheses 

                                                             Altered Ordered interface                      0.32                  3.5e-03           very confident hypotheses 

                                                             Loss of Strand                                            0.27                  0.03                confident hypotheses 

                                                             Altered Metal binding                              0.25                  0.01                confident hypotheses 

                                                             Gain of Catalytic site at R154                  0.25                  4.5e-03          very confident hypotheses 

                                                             Loss of Allosteric site at R154                 0.25                  0.02                confident hypotheses 

                                                             Altered DNA binding                                0.24                   0.01               confident hypotheses 

R142C                      0.935                 Altered Ordered interface                      0.29                   0.03                confident hypotheses 

                                                             Altered Metal binding                             0.24                   0.01                confident hypotheses 

                                                             Altered Transmembrane protein           0.24                  2.0e-03           very confident hypotheses 

                                                             Altered DNA binding                                0.19                   0.03                confident hypotheses 

N138T                      0.938                 Altered Transmembrane protein            0.16                  0.01                confident hypotheses 

H132Y                      0.918                 Altered Metal binding                                0.49                 8.6e-04          very confident hypotheses 

                                                             Altered Ordered interface                         0.35                 8.3e-04          very confident hypotheses             

                                                            Loss of Relative solvent accessibilit         0.28                 0.02                confident hypotheses 

                                                             Altered Transmembrane protein             0.21                 4.0e-03          very confident hypotheses 

                                                             Gain of Methylation at K128                    0.10                  0.04                confident hypotheses 

D94E                     0.851                     Altered Transmembrane protein            0.27                 4.9e-04         very confident hypotheses 

                                                              Altered Ordered interface                       0.25                 0.02               confident hypotheses 

    M80R                    0.968                     Altered Metal binding                              0.30                 4.3e-03          very confident hypotheses 

                                                                  Altered Transmembrane protein            0.30                  1.8e-04        very confident hypotheses 

                                                                  Altered Ordered interface                        0.29                  0.02              confident hypotheses    

                                                                  Gain of Allosteric site at Y82                    0.29                  3.0e-03        very confident hypotheses 

                                                                  Altered Stability                                          0.11                  0.04             confident hypotheses 

                                                                  Loss of Sulfation at Y82                             0.06                  5.6e-03        very confident hypotheses 

      

                                                                                                 

                Substitution         Mutpred score               Molecular mechanism                   Pr                  P-value                Prediction                     

   

(Continued table 5) 
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   D73H                       0.919                    Altered Ordered interface                        0.34                  6.3e-03       very confident hypotheses 

                                                                  Altered Transmembrane protein            0.32                  5.8e-05        very confident hypotheses 

                                                                  Altered Metal binding                               0.29                  4.5e-03        very confident hypotheses 

                                                              Gain of Strand                                             0.29                 5.7e-03         very confident hypotheses                                                                

    D49E                     0.887                      Altered Metal binding                              0.34                  1.4e-03        very confident hypotheses 

                                                                  Altered Disordered interface                  0.27                   0.04             confident hypotheses 

                                                                  Altered DNA binding                                 0.26                  8.1e-03        very confident hypotheses 

                                                                  Altered Transmembrane protein           0.25                   1.3e-03        very confident hypotheses 

                                                                  Gain of Allosteric site at P54                   0.25                   9.9e-03       very confident hypotheses 

                                                                  Loss of Acetylation at K46                       0.21                   0.03             confident hypotheses 

                                                                  Gain of Catalytic site at R53                    0.10                   0.04             confident hypotheses   

    Y48C                      0.934                     Altered Disordered interface                   0.47                   1.5e-03       very confident hypotheses 

                                                                  Altered Metal binding                               0.41                   7.8e-03       very confident hypotheses 

                                                                  Altered Transmembrane protein           0.32                   7.3e-05        very confident hypotheses 

                                                                  Loss of Allosteric site at R53                    0.32                  2.5e-03        very confident hypotheses 

                                                                  Altered Ordered interface                       0.30                   4.3e-03       very confident hypotheses 

                                                                  Altered DNA binding                                 0.29                   3.5e-03       very confident hypotheses 

                                                                  Loss of Strand                                             0.27                   0.02             confident hypotheses 

                                                                  Loss of Acetylation at K46                        0.24                   0.02             confident hypotheses 

                                                                  Gain of Catalytic site at R53                     0.10                   0.04             confident hypotheses 

      

  Among the variants found to be pathogenic in this study, variants that were not 

associated with epilepsy in the literature were not included in the final pathogenic variant 

table 6. In this case, 4 missense SNPs were removed from the list of 21 missense SNPs 

that will go to 3D visualization, and a total of 17 missense SNPs were obtained for further 

study. 

 

 

 

 

 

      

                                                                                                 

                Substitution         Mutpred score               Molecular mechanism                   Pr                  P-value                Prediction                     
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Table 6. List of pathogenic VUSs 

 

 

       The 17 missense SNPs to be analyzed for molecular docking and the pathogenic 

variant identified in the literature (NCBI/ClinVar) are shown schematically on the protein 

domains (fig. 10). 

 

 

 

 

  AA Change             Protein ClinVar Variant ID              Clinical 

significance   
1 Y467S NP_000805.1:p.Tyr467Ser 1999008                                     *CAE 
2 Y467H NP_000805.1:p.Tyr467His 1038688                                       CAE 
3 P298S NP_000805.1:p.Pro298Ser 2011043                                       CAE 
4 R294Q NP_000805.1:p.Arg294Gln 2419058                                       CAE 
5 T281A                                   NP_000805.1:p.Thr281Ala 548619                                          *DEE, CAE 

6 G279R NP_000805.1:p.Gly279Arg 1042138                                       CAE 
7 S264F NP_000805.1:p.Ser264Phe 1701763                                       DEE, CAE 
8 Y182H NP_000805.1:p.Tyr182His 2010195                                       CAE 
9 C175W NP_000805.1:p.Cys175Trp 2103323                                       CAE 
10 P169L NP_000805.1:p.Pro169Leu 537288                                         CAE 
11 R142C NP_000805.1:p.Arg142Cys 1696530                                       DEE, CAE 
12 H132Y NP_000805.1:p.His132Tyr 1038248                                       CAE 
13 D94E NP_000805.1:p.Asp94Glu 1320972                                       CAE 
14 M80R NP_000805.1:p.Met80Arg 559623                                         CAE 
15 D73H NP_000805.1:p.Asp73His 409958                                         CAE  
16 D49E NP_000805.1:p.Asp49Glu 834156                                         CAE 
17 Y48C NP_000805.1:p.Tyr48Cys 1474854                                        CAE 
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Figure 10. GABRB3 structure and variant location 

Representation of the type A gamma-aminobutyric acid GABA(A) receptor subunit beta-3 (GABRB3) 2D 

protein structure  (a) and the location  of GABRB3 variants in membran (b), previously described as 

pathogenic (marked in red) in the literature and predicted to be the pathogenic (marked in blue) by filtering 

from uncertain significance in the study. N: Amino (N)‐Terminal Domain, TM1-TM4: Transmembran 

Domain, C: Carboxy (C)-Terminal Domain, ECD: Extracellular Domain, ICD: Intracellular Domain. 

 

 

 

 

       In the NCBI database, the ECD of the beta-3 subunit is located in the region between 

the amino acids 26-245, thus Y48C, D49E, D73H, M80R, D94E, H132Y, R142C, P169L, 

C175W and Y182H variants fall into the region of large extracellular N terminus of the 

beta3 subunit, while S264F is located in the TM1, G279R is located in the TM2 and 

R294Q and P298S are located in the TM2-TM3 loop, Y467H and Y467S are located in 

the TM4 (fig. 11). 
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Figure 11.  Structural mapping of  β3 subunit  

Structural features of GABRB3 showing the assembly with β3 subunit and its domains. (A) The 

protein diagram of β3subunit showing the domain specific location of 17 VUS identified as having 

the highest risk of pathogenicity. The amino acid positions of each domain are shown in parentheses 

in the diagram. (B) 3D reconstruction of GABRB3 receptor colored by subunit (top view) showing 

the position of β3 subunit in the receptor co-assembly. (C) 3D reconstruction of GABRB3 receptor, 

showing the position of β3 subunit in the receptor co-assembly (side view). (D) 3D reconstruction 

of β3 subunit of GABA (A) receptor (side view, extended version) showing the positions of the wild 

type residues (marked in red), where the pathogenic variants are detected (ECD: Extracellular 

domain; ICD: Intracellular domain; TMD: Transmembrane domain; TM1: Transmembrane domain 

1; TM2: Transmembrane domain 2; TM3: Transmembrane domain 3; TM4: Transmembrane 

domain 4; N, Amino (N)‐Terminal Domain ; C, Carboxy (C)-Terminal Domain). Image not to scale. 
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       The structural domains of GABRB3 are colored as shown in figure 12 for easier 

distinction. The 17 missense SNPs of GABRB3 filtered as pathogenic are marked with 

red balls on the numbered GABRB3 amino acid sequence.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 12. Representation of the GABRB3 protein sequence and variant domains 

Representation of the 2D protein sequence encoded by acid receptor subunit beta-3 (GABRB3) / Isoform 

1 precursor (homo sapiens) by protein domains (NCBI Reference Sequence : NP_000805.1). 

 

4.4. 3D Visualization of Structural Conformation 

       HOPE server presents the results on the structural conformation and function of 

HOPE server presents the results on the structural conformation and function of proteins 

by analyzing them with 3D visualization. In the study, all 17 predicted pathogenic SNPs 

of GABRB3 were analyzed by the HOPE server according to different features such as 

size, hydrophobic interactions, charge, etc by comparing WT and MT (Data Sheet 2). 

 

       This step of the study focused on analyzing whether GABRB3 missense SNPs were 

located in the GABA binding region. Information was obtained by scanning the literature 

about the binding site of GABA, which was determined as the ligand in the study, on the 
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protein. As a result of the literature review, data on the GABA (referred to as ABU in the 

PDBe database) binding sites of GABRB3 were obtained from the PDBe database 

(https://www.ebi.ac.uk/pdbe/). The data obtained are as follows; TYR122 (PDB range: 

Y97), GLU180 (PDB range: E155), SER181 (PDB range: S156), TYR182 (PDB range: 

Y157), PHE225 (PDB range: F200) , THR227 (PDB range: T202) and TYR230 (PDB 

range: Y205). Four of the seven amino acids position in this binding site corresponded to 

the VUSs in our study (Table 7). Six VUSs; Y182H, Y182C, F225V, T227P, T227A and 

Y230C, are located in GABA binding site. Among these variants, two different variants 

were observed at Y182 and T227 (Y182C, Y182H, T227A, T227P).  

 

 

 

 

       As seen in the results table, it was considered a striking result that the only missense 

SNP that was both predicted to be pathogenic and located in the gene binding site was 

Y182H (Table 6). Additionally, variants of uncertain significance (VUSs) located in the 

GABA binding site (Y182C, F225V, T227A, T227P, Y230C) but not listed in Table 6, 

were also included in the study for further docking analyses regardless of their 

pathogenity. The impact of the change is shown in Data Sheet 3. Images of overlaid atoms 

in Data Sheet 3 were generated in UCSF Chimera 1.17.3 and SWISS MODEL to validate 

the images on the HOPE server. For this purpose, firstly, the GABRB3 FASTA sequence 

obtained from UniProt (https://www.uniprot.org/) was sent to SWISS-MODEL for 

Amino Acid Position (UniProt Range) Domain UniProt Code Ligand Reference Structure (chain/residue range/PDB ID) Reference

TYR 182 (Tyrosine/Aromatic)  B,E / 26-473 / 6hup Masiulis et al., 2019

TYR 182 (Tyrosine/Aromatic) Exracellular P28472 · GBRB3_HUMAN B,E / 26-473 / 6huo Masiulis et al., 2019

TYR 182 (Tyrosine/Aromatic) Exracellular P28472 · GBRB3_HUMAN B,E/26-473/6huj Masiulis et al., 2019

TYR 182 (Tyrosine/Aromatic) Exracellular P28472 · GBRB3_HUMAN B /1-332 / 6a96 Liu et al., 2018

TYR 182 (Tyrosine/Aromatic) Exracellular P28472 · GBRB3_HUMAN B / 1-473 / 7qn7 Sente et al., 2022

TYR 182 (Tyrosine/Aromatic) Exracellular P28472 · GBRB3_HUMAN B / 1-473 / 7qnb Sente et al., 2022

B / 1-473 / 7qna Sente et al., 2022

B,E /26-332,447-473/7pbz Kasaragod et al., 2022

B/1-332 / 6a96 Liu et al., 2018

B,E/26-332,447-473/7pbz Kasaragod et al., 2022

B,E / 26-473 / 6hup Masiulis et al., 2019

B,E / 26-473 / 6huo Masiulis et al., 2019

B,E/26-473/6huj Masiulis et al., 2019

B /1-332 / 6a96 Liu et al., 2018

B,E /33-332, 447-473/7pbd Kasaragod et al., 2022

B / 1-473 / 7qn7 Sente et al., 2022

B / 1-473 / 7qna Sente et al., 2022

B,E /26-332,447-473/7pbz Kasaragod et al., 2022

B,E / 26-473 / 6hup Masiulis et al., 2019

B,E / 26-473 / 6huo Masiulis et al., 2019

B,E/26-473/6huj Masiulis et al., 2019

B /1-332 / 6a96 Liu et al., 2018

B / 1-473 / 7qn7 Sente et al., 2022

B / 1-473 / 7qna Sente et al., 2022

B / 1-473 / 7qnb Sente et al., 2022

B,E /26-332,447-473/7pbz Kasaragod et al., 2022

Y 182 Exracellular P28472 · GBRB3_HUMAN
GAMMA-AMINO-BUTANOIC 

ACID

F 225 Exracellular P28472 · GBRB3_HUMAN
GAMMA-AMINO-BUTANOIC 

ACID

T 227 Exracellular P28472 · GBRB3_HUMAN
GAMMA-AMINO-BUTANOIC 

ACID

Y 230 Exracellular P28472 · GBRB3_HUMAN
GAMMA-AMINO-BUTANOIC 

ACID

Table 7. GABA binding sites corresponding to VUSs 

https://www.ebi.ac.uk/pdbe/
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homology study. The obtained homology model of  MT  was superimposed with WT 

using the UCSF Chimera 1.17.3 program. 

The location of the predicted amino acids as pathogenic (center) and the superposition of 

the variants with the WT GABRB3 protein are presented in figure 13. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 13. Superimpositions with the variants. 

The superimpositions are shown as blue  for the wild type and red for the mutant type. 

 

 

Tyrosine > Cysteine at position 48. 
Aspartate > Glutamate  at position 49. 

Arginine > Cysteine at position 142. 

Tyrosine > Histidine at position 182. 

Aspartate > Histidine at position 73. 

Cysteine > Tryptophan at position 175. 

Methionine > Arginine  

at position 80. 

Proline > Serine 
at position 298. 

Arginine > Glutamine 

at position 294. 
Threonine > Alanine 

 at position 281. 
Glycine >Arginine 

at position 279. 

Tyrosine > Histidine at position 467. 

Serine >Phenylalanine at 

position 264. 

Tyrosine > Serine at position 467. 

Proline > Leucine at position 169. 

Histidine > Tyrosine at position 132. 

Aspartate > Glutamate at position 94. 
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4.5. Molecular Docking  

4.5.1. Ligand Preparation 

       The ligand obtained from the DrugBank website is downloaded in PDB format with 

3D coordinates. There are certain requirements to accurately predict the protein's target 

ligand binding compatibility and energy. Energy minimization is completed and then we 

activate the option that will determine the torsion locations for different conformations of 

the ligand. Next, the format is converted from PDB to PDBQT to optimize the ligand 

geometry with MGL Tools (AutodDockTools-1.5.7).  

       A docking analysis was used to investigate the effects of six filtered variants (Y182H, 

Y182C, F225V, T227A, T227P and Y230C )  on binding affinity to the GABA molecule. 

As a first step, The GABA molecule to be used as a ligand (DrugBank accession number: 

DB02530) was downloaded from DrugBank (https://go.drugbank.com/) as shown in 

figure 14. DrugBank  is a comprehensive, free accessible online database containing 

information on drugs and drug targets (Wishart et al., 2018). 

                                         

Figure 14. 2D (a) and 3D (b) structure for ligand gamma-Aminobutyric acid 

(DrugBank Accession Number :DB02530) 

 

 

             

                      

(b) 

 

                      

(a)                      

 

https://go.drugbank.com/
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4.5.2. Protein Preparation 

       In order to perform molecular docking , the three-dimensional (3D) structures of 

GABRB3 were searched in the Protein Data Bank (PDB,  https://www.rcsb.org/). PDB 

provides free access to 3D structure data of molecules found in all organism on the planet 

through its downloadable data archive. The amino acids in the GABA binding site and 

the data obtained as a result of the literature review confirmed each other. Cryo-EM 

crystal structure data of human GABRB3 were obtained from the Protein Data Bank 

(https://www.rcsb.org/) in PDB format, coded 7QN7 (Sente et al., 2022). Since the image 

of the protein is obtained by crystallization technique in a watery environment, water 

molecules in the file must be removed. Discovery Studio Visualizer was used to remove 

water molecules.  Then respectively; missing atoms were repaired, Kollman charges and 

polar hydrogens are added to the structure by AutoDockVina 1.5.7. In the final stage, this 

is converted into a PDBQT output file.  

       The crystal structure of GABA(A)R-beta3 homopentamer, derived from five 

identical monomers, was not preferred for use in the study. Rather than the 

homopentamer, the GABA(A)R-beta3 heteropentamer, derived from two or more 

different (but similar) monomers, was preferred for analysis. Another important criterion 

was that they were of homo sapiens origin and their resolution was not lower than 3.00 

Å. The structure of PDB entry ID: 7QN7 was compatible with these criteria (fig. 15). 

       Molecular docking studies were performed on AutoDock Vina. AutoDock Vina was 

downloaded from the web page of MGLTools 

(https://ccsb.scripps.edu/mgltools/downloads/) which comprises AutoDockTools 1.5.7. 

One of the program requirements for molecular docking in AutoDock Vina is structure 

format (PDBQT) in which it should be saved. For analysis of each MT or WT, 2 PDBQT 

files were created, one from the ligand molecule and the other from the receptor molecule. 

 

 

 

 

 

 

 

https://www.rcsb.org/
https://ccsb.scripps.edu/mgltools/downloads/
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Figure 15. GABA binding site 

According to data from PDB ID: 7QN7, GABAAR (α4β3δ) includes one putative GABA binding site at 

the β3+/α4– interface (Model was recolored in BIOVIA DSV). GABA is modeled as red balls inside the 

light blue square. 

 

       The amino acids in the protein (GABRB3) binding region of the ligand (GABA) were 

obtained from PDB as a result of literature review (Table 7). MGLTools-1.5.7 includes 

the software package that creates files like PDBQT specifically for AutoDock Vina. The 

grid box size x, y, z values are 10.0 × 10.0 × 10.0. The grid box center x,y,z values are 

145.880429  × 107.889286 × 106.158571 at the binding site of  PDB ID:7QN7 (B chain). 

4.5.3. Value of ΔΔG between WT and MT  

       The process involves applying docking algorithms that position small molecules into 

the active site. The simulation box (grid box) and the coordinates (x, y, z) where the 

placement will be made are specified. Before placement, a file containing this information 

(txt=grid parameters file) and another file showing the placement parameters (txt=layout 

parameters file) are created. The results of the interaction energies are shown in a .txt file. 

The last stage is performed on the command prompt, the previously prepared txt files are 

entered into the command prompt screen and scanning for affinity values is started. 

       Validation of the molecular docking reliability, the best docking pose was selected 

among the change in binding free energy score (ΔΔG - Kcal/mol) of nine options obtained 

from the AutoDock Vina output (Trott and Olson, 2010). For this, the placement pose 

simulation was done in Discovery Studio Visualizer. Since it is known that the binding 

energies calculated by docking with AutoDock Vina are the forces that affect the binding 

GABA 

β3 

β3 β3 

α4 

δ 
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process of H-bonds, electrostatic interactions and pi-pi interactions, these forces were 

taken into account in choosing the most accurate pose. 

       As a result, while Y182H (Y157 PDB range) was determined as pathogenic in our 

study, the rest Y182C (Y157 PDB range), F225V (F200 PDB range), T227A (T202 PDB 

range), T227P (T202 PDB range), Y230C (Y205 PDB range) were actually not predicted 

as pathogenic. Neverteless, all of these four variants have impacted on the interaction 

with GABA as determined by docking simulations regardless of their pathogenicity (fig. 

16) 

       As a result, the docking results revealed different values of binding energies 

expressed in kcal/mol (Table 8 ). The results for Y182H were critical to the function of 

the receptor. GABA selected as ligand appears to interact well with wild-type GABRB3 

(ΔΔG = -5.3 Kcal/mol), which was studied as receptor. It was concluded that this 

interaction was reduced for the mutant GABRB3 type containing the H182 amino acid 

(ΔΔG = -4.9 Kcal/mol). AutoDock Vina binding energy scores were simulated by 

BIOVIA Discovery Studio Visualizer (fig. 16). It was observed that  Y182H (PDB range 

Y157H) decreased binding affinity. 

       

 

 

 

 

 

 

 

       The results were slightly more critical for Y182C (PDB range Y157C). It was 

concluded that this interaction was reduced by the mutant type amino acid C157 ΔΔG = 

-4.8 Kcal/mol). This is the lowest binding affinity value in this study. Moreover ıt was 

observed that there was no conventional hydrogen bond with GABA at position 157 

(fig.17). 

Wild Type                Affinity                            

(Kcal/mol) 

WT                   -5.3 

Mutant Residue                

Binding Affinity                            

( ΔΔG - Kcal/mol) 

       Y182H             -4.9 

       Y182C             -4.8 

       F225V              -5.1 

       T227P              -5.0 

       T227A              -5.0 

       Y230C              -5.1 

Table 8. Binding affinity table of the best docked poses 
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       The values of other mutant variants are as follows; F225V (PDB range F200V)                  

ΔΔG = -5.1 Kcal/mol , T227P (PDB range T202P) ΔΔG = -5.0 Kcal/mol, T227A (PDB 

range T202A)  ΔΔG = -5.0 Kcal/mol and Y230C (PDB range Y205C) ΔΔG = -5.1 

Kcal/mol. The binding affinity energy values and their RMSD values (rmsd l.b and rmsd 

u.b) were given for one WT amino acid; Y182 and  six variants; H182, C182, V225, 

A227, P227, C230 (Data Sheet 4). 

        The ligand-receptor residue interactions, distances (Å) and bond types between 

GABRB3 (PDB ID: 7QN7) and GABA are shown in the Table 9. 

 

 

Y157H     Name of Interactions Distance Bond Type 

A:ARG100:HH21 - :UNK0:O 1,94Å Conventional Hydrogen Bond 

B:TYR97:HH - :UNK0:N 2,7Å Conventional Hydrogen Bond 

B:THR202:HG1 - :UNK0:O 2,45Å Conventional Hydrogen Bond 

:UNK0:N - B:GLU155:OE2 3,29Å Conventional Hydrogen Bond 

:UNK0:N - B:SER156:O 3,36Å Conventional Hydrogen Bond 

:UNK0:N - B:TYR157:O 3,36Å Conventional Hydrogen Bond 

:UNK0:N - B:TYR205 3,56Å Pi-Donor Hydrogen Bond 

:UNK0:C - A:PHE98 3,82Å Pi-Sigma 

 

WT             Name of Interactions Distance Bond Type 

A:ARG100:HE - :UNK0:O 2Å Conventional Hydrogen Bond 

A:ARG100:HH21 - :UNK0:O 2,41Å Conventional Hydrogen Bond 

:UNK0:N - B:TYR157:O 3,38Å Conventional Hydrogen Bond 

:UNK0:O - B:THR202:OG1 2,73Å Conventional Hydrogen Bond 

:UNK0:O - B:TYR205:OH 2,97Å Conventional Hydrogen Bond 

:UNK0:N - B:TYR205 3,44Å Pi-Donor Hydrogen Bond 

Table 9. Ligand-receptor residue interactions. 

 Interactions between GABRB3 (PDB ID: 7QN7) and GABA are illustrated in the Discovery Sudio Visualizer 
program according to AutoDock Vina. 
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F200V  Name of Interactions Distance Bond Type 

A:ARG100:HE - :UNK0:O 2Å Conventional Hydrogen Bond 

A:ARG100:HH21 - :UNK0:O 2,37Å Conventional Hydrogen Bond 

:UNK0:N - B:GLU155:OE2 3,36Å Conventional Hydrogen Bond 

:UNK0:N - B:TYR157:O 3,35Å Conventional Hydrogen Bond 

:UNK0:O - B:THR202:OG1 2,74Å Conventional Hydrogen Bond 

:UNK0:O - B:TYR205:OH 2,96Å Conventional Hydrogen Bond 

:UNK0:N - B:TYR205 3,51Å Pi-Donor Hydrogen Bond 

Y157C    Name of Interactions Distance Bond Type 

A:ARG100:HH21 - :UNK0:O 1,93Å Conventional Hydrogen Bond 

B:TYR97:HH - :UNK0:N 2,65Å Conventional Hydrogen Bond 

B:THR202:HG1 - :UNK0:O 2,45Å Conventional Hydrogen Bond 

:UNK0:N - B:GLU155:OE2 3,22Å Conventional Hydrogen Bond 

:UNK0:N - B:SER156:O 3,33Å Conventional Hydrogen Bond 

:UNK0:N - B:TYR205 3,6Å Pi-Donor Hydrogen Bond 

   

T202P  Name of Interactions Distance Bond Type 

A:ARG100:HE - :UNK0:O 1,94Å Conventional Hydrogen Bond 

A:ARG100:HH21 - :UNK0:O 3,03Å Conventional Hydrogen Bond 

B:TYR157:HH - :UNK0:O 2,49Å Conventional Hydrogen Bond 

:UNK0:N - B:GLU155:OE2 3,33Å Conventional Hydrogen Bond 

:UNK0:N - B:TYR157:O 3,39Å Conventional Hydrogen Bond 

:UNK0:N - B:TYR205 3,53Å Pi-Donor Hydrogen Bond 

:UNK0:O - A:PHE98 3,63Å Pi-Donor Hydrogen Bond 
:UNK0:O - B:TYR157 3,8Å Pi-Donor Hydrogen Bond 

T202A  Name of Interactions Distance Bond Type 

A:ARG100:HE - :UNK0:O 2,02Å Conventional Hydrogen Bond 

A:ARG100:HH21 - :UNK0:O 2,43Å Conventional Hydrogen Bond 

:UNK0:N - B:GLU155:OE2 3,35Å Conventional Hydrogen Bond 

:UNK0:N - B:TYR157:O 3,39Å Conventional Hydrogen Bond 

:UNK0:O - B:TYR205:OH 2,98Å Conventional Hydrogen Bond 

:UNK0:N - B:TYR205 3,48Å Pi-Donor Hydrogen Bond 

(Continued table 9) 
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        In summary, it was proven that the binding affinity of WT GABRB3 protein to 

GABA (ΔΔG =-5.3 Kcal/mol) was higher than that of GABRB3 variants. It has also been 

proven that two variants in Y182 (Y182H and Y182C) reduces the binding affinity more 

than other variants (F225V, T227P, T227A, Y230C) in the GABA binding site. 

 

Y205C  Name of Interactions Distance Bond Type 

A:ARG100:HE - :UNK0:O 1,89Å Conventional Hydrogen Bond 

A:ARG100:HH21 - :UNK0:O 2,45Å Conventional Hydrogen Bond 

B:TYR157:HH - :UNK0:O 2,33Å Conventional Hydrogen Bond 

:UNK0:N - B:GLU155:OE2 3,34Å Conventional Hydrogen Bond 

:UNK0:N - B:SER156:O 3,20Å Conventional Hydrogen Bond 

:UNK0:N - B:TYR157:O 3,24Å Conventional Hydrogen Bond 

:UNK0:N - B:CYS205:SG 3,76Å Conventional Hydrogen Bond 

:UNK0:O - A:THR163:OG1 2,90Å Conventional Hydrogen Bond 

:UNK0:O - A:PHE98 3,75Å Pi-Donor Hydrogen Bond 

:UNK0:O - B:TYR157 3,93Å Pi-Donor Hydrogen Bond 

(Continued table 9) 
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(a)  

(b) 

Figure 16. Molecular docking interactions 

Molecular docking interaction of (a) WT, (b) MT H157 (UniProt range is H182) (c) MT C157 (UniProt 

range is C182), (d) MT V200 (UniProt range is V225), (e) MT P202 (UniProt range is P227), (f) MT A202 

(UniProt range is A227)  and (g) MT C205 (UniProt range is C230)  of GABRB3 with GABA . The 

difference of amino acids number is due to the reference structure in PDB (PDB ID: 7QN7). UniProt range 

of amino acids : (a) WT, (b) H182, (c) C182, (d) V225, (e) A227, (f) P227 and (g) C230. The chain shown 

in blue belongs to the GABRB3 / B chain. The chain shown in yellow belongs to GABRA4 / A chain 

according to PDB ID: 7QN7.  
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(Continued figure 19) 

 

 

                                                                                                                                                                                   

 

 

 

   

   

 

 

(Continued figure 16) 
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(Continued figure 16) 
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(ΔΔG) Y182C: -4.8 Kcal/mol 

(ΔΔG) WT:  -5.3 Kcal/mol 

(ΔΔG) Y182H: -4.9 Kcal/mol 

(ΔΔG) F225V: -5.1 Kcal/mol 

(ΔΔG) T227A: -5.0 Kcal/mol 

(ΔΔG) T227P: -5.0 Kcal/mol 

(ΔΔG) Y230C: -5.1 Kcal/mol 

Figure 17. Binding affinities (ΔΔG).  

The best docking pose of the GABA molecule with GABRB3 variants located in the GABA binding site. The 
residue numbers are given according to (A) shows 2D visualization highlighting the detailed interactions 
observed in the best pose of GABA-GABRB3 (WT) resulted in binding affinity (ΔΔG) of -5.3 Kcal/mol. The 
change in binding free energy (ΔΔG) of all variants located in the GABA binding sites are greater than the 
ΔΔG of the wild type (WT) conformation bounded to GABA (WT:  -5.3 Kcal/mol). Y182C> Y182H> T227P= 
T227A> F225V= Y230C> WT  -5.3 Kcal/mol 
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5. DISCUSSION 

 

       In this study, seventeen variants of uncertain significance (VUSs); Y467S, Y467H, 

P298S, R294Q, T281A, G279R, S264F, Y182H, C175W, P169L, R142C, H132Y, D94E, 

M80R, D73H, D49E, Y48C  were predicted to be pathogenic, based on various prediction 

methods with integrative and computational analysis. These VUSs, which were predicted 

to be pathogenic as a result of their protein function effects, molecular mechanisms and 

molecular docking analyses, were scanned in the NCBI/ClinVar database and were found 

to have epilepsy-related effects (Moller et al., 2017; Hernandez et al., 2017; Myers CT et 

al., 2016). In this context, 17 VUSs have been suggested to be critical variants for 

understanding the genetic underlying motive of epileptogenic process mechanisms.  

       Considering that 30% of the etiological causes of epilepsy are genetically based, the 

knowledge that approximately 25% of the identified genes associated with epilepsy 

encode ion channels has revealed the necessity of defining the pathogenicity of the 

GABAAR variants (Hebbar and Mefford, 2020; Oyrer et al., 2018). Concordance with 

the study by Berkovic and friends in 1998, the significant influence of genetic factors in 

the etiology of epilepsy was confirmed in an unselected sample of twins from the 

population-based Danish Twin Registry (Kjeldsen et al., 2001). In another study using 

two cohorts of case-control samples from Hong Kong and Taiwan showed that two SNPs 

in CAMSAP1L1 at 1q32.1 were associated with epilepsy (Guo et al., 2012). In fact, the 

first twin study of epilepsy to provide a genetic basis was conducted by Lennox in 1940 

and 1950 and is still valid today. A single nucleotide polymorphism (SNP)-based linkage 

study of familial mesial frontal lobe epilepsy (FLE) yielded (Fanciulli et al., 2014) a 

significant linkage to chromosome 3q26, very similar to that described by Berkovic et al. 

       The genetic discovery of Dravet Syndrome, an archetypal condition among 

Developmental and Epileptic Encephalopaties (DEEs), is of fundamental importance for 

understanding the genotype-phenotype relationship of epilepsy types (Claes et al., 2001; 

Dravet, 2011). SCN1A, which encodes the alpha 1 subunit of the sodium channel, is 

known to be associated with various epilepsy syndromes and a number of other diseases 

(Scheffer and Nabbout, 2019; Lagae, 2021; Chilcott et al., 2022). In approximately 90% 

of patients, Dravet syndrome is caused by nonsense mutations in the SCN1A gene. It is 

known that mutations in Dravet syndrome, one of the epileptic encephalopathies, are not 
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hereditary in most cases (Selmer et al. 2009). One study showed that common variation 

within and near SCN1A may increase susceptibility to mesial temporal lobe epilepsy with 

hippocampal sclerosis with febrile seizures (MTLEHS+FS), a typically severe epilepsy 

syndrome. MTLEHS is one of the common types of drug-resistant epilepsy (Berg et al., 

2010; Kasperaviciute et al., 2013). In the study conducted on 870 patients with Dravet 

syndrome with next-generation sequencing technology in 2021, nine variants were 

identified in the α1, β2 or γ2 subunit subtypes of GABAAR (Hernandez et al., 2021). 

       GEFS+, linked to chromosomal locus 2q24, has been associated with mutations in 

three sodium channel genes and two gamma-aminobutyric acid GABAAR genes. This 

locus is characterized by both GEFS+ and familial febrile seizures (Moulard et al., 1999; 

Kullmann, 2002).  

       Any step that affects traffic to the cell membrane or lateral movement of receptors 

between synaptic and extrasynaptic locations can cause epilepsy. Identifying such a 

variant that may cause epilepsy is extremely important in terms of elucidating the genetic 

causes. Based on current clinical-genetic evidence, the identification of GABAAR genes 

associated with epilepsy first began in 2001, and studies have begun to gain momentum 

today (Baulac et al., 2001; Cossette et al., 2002; Kang and Barnes2013; Orenstein et al., 

2018; Zhang et al., 2023). Findings of SNPs in the GABAARin studies on epilepsy or 

other genetic diseases have shown that these SNPs exhibit phenotypes such as DEE, CAE, 

JME, FS, GEFS+ (Absalom et al.,2022; Kumari et al., 2011; ; Gurba et al., 2012; Yang 

et al., 2020; Lien et al., 2016; Niturad et al., 2017; Bai et al., 2019). In conclusion, 

literature information motivating to focus on SNPs in the GABAAR to better understand 

the underlying genetic causes of epilepsy has been supported by very satisfactory clinical 

results (Arslan, 2023). 

       In a 2017 study by Hernandez and friends, three SNPs (A305V, T288N and L170R) 

in the GABAAR β3 subunit gene (GABRB3) were associated with patients with early-

onset epileptic encephalopathy (EOEE) and profound developmental delay. Shi and 

friends’s research identified that GABRB3 variants can disable the partnering function of 

γ2 subunits, which are critical for synaptic clustering. In the same study, GABRB3 

(N328D) or GABRB3 (E357K) variants were found to reduce GABA-evoked peak 

current amplitude. This suggests that the number of functional receptors on the cell 

surface is reduced (Shi et al., 2019). Another study reported that impaired GABRB3 
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receptor function would compromise the synaptogenesis process associated with 

neurodegenerative diseases (Oh et al., 2016). In the context of these studies, it has begun 

to be discovered that clinical features of epilepsy patients, especially DEE and CEA, are 

compatible with GABRB3 variants, and this has revealed the need to be supported by in 

silico studies on GABRB3 SNPs. The association of GABRB3 variants not only with 

epilepsy but also with other genetic diseases has motivated us to understand their impact 

on protein function  (Kim et al., 2006; Delahanthy et al., 2011; Warrier et al., 2013; Le 

et al., 2017; Coşkunpınar et al., 2023; Babij et al., 2023). Although GABRB3 variants 

have been discovered in recent years and it has been understood that GABRB3 is 

associated with a wide phenotypic spectrum of epilepsy, in silico studies are still 

insufficient. Conducting in silico studies for GABRB3, which stands out as the underlying 

cause of loss of function causing GABAergic disinhibition, is very important for future 

clinical studies and personalized medicine (Moller et al., 2017). As a result of literature 

searches, the clinical identification of GABRB3 missense SNPs was accelerated and these 

SNPs were found to be associated with epilepsy and variable treatment response (Chuang 

and Reddy, 2018; Braat and Kooy, 2015). Although the discovery of GABRB3 missense 

SNPs associated with epilepsy has gained momentum in recent years, most of these 

identified variants have been reported without any analysis of their functional impact. In 

2019, Laverty et al. performed the binding affinity of WT β3 in the GABAAR cryo-EM 

structure (PDB ID: 6HUO) to GABA by computational docking. In this thesis study, in 

order to contribute to filling this lack in the literature, we combined various prediction 

algorithms with a specific logic to predict the effect of GABRB3 variants on protein 

function. In order to evaluate the strength of the response to GABA, we calculated the 

binding affinity values of six VUSs (Y182H, Y182C, F225V, T227A, T227P, Y230C) 

which located in the binding site. In this context, the standards and guidelines of the 

American College of Medical Genetics and Genomics (ACMG) were taken as reference 

in the evaluation of pathogenic evidence for GABRB3 variants (Richards et al., 2015). 

       In conclusion, the number and domain distribution of 17 SNPs predicted as 

pathogenic are as follows: 10 are located in the ECD (Y48C, D49E, D73H, M80R, D94E, 

H132Y, R142C, P169L, C175W,  Y182H); one is located in the TM1 (S264F); two are 

located in the TM2 (G279R, T281A); two are located in the TM2-TM3 Loop (R294Q, 

P298S); two are located in located in the TM4 (Y467H, Y467S). Among these predicted 

pathogen variants of GABRB3, Y182H is the only variant that located in the GABA 
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binding site. In this context, to understand whether variant Y182H would cause a loss of 

function on protein, it was investigated whether it would cause a decrease in its binding 

affinity to GABA. The GABA binding affinity of Y182H variant of GABRB3 (ΔΔG: -

4.9 Kcal/mol) was reduced compared to WT GABRB3 (ΔΔG:  -5.3 Kcal/mol). This 

decrease in binding affinity may be due to a defect in GABRB3 receptor function due to 

the effect of the Y182H variant. In the variant effect analysis, binding affinities were 

calculated for five VUSs (Y182C, F225V, T227A, T227P, Y230C) that did not have the 

highest common score among all predictors but were located in the GABA binding site, 

and the results were respectively; ΔΔG: -4.8 Kcal/mol, ΔΔG = -5.1 Kcal/mol, ΔΔG =-5.0 

Kcal/mol, ΔΔG=-5.0 Kcal/mol, ΔΔG =-5.1 Kcal/mol. The change in binding free energy 

(ΔΔG) of all variants located in the GABA binding sites are greater than the ΔΔG of the 

wild type (WT: -5.3 Kcal/mol) conformation bounded to GABA; Y182C> Y182H> 

T227P= T227A> F225V= Y230C> WT. It was observed that variant Y182C exhibited 

the most critical decrease of binding affinity. While WT and five variants (Y182H, 

T227P, T227A, F225V, Y230C) had hydrogen bonds with GABA at codon 182 and 230, 

only the Y182C amino acid change did not show any hydrogen bond interaction with 

GABA at codon 182. The results indicate that GABRB3 containing variants Y182C and 

Y182H will bind with less attractive force to the γ-Aminobutyric acid (GABA) ligand, the 

most common inhibitory neurotransmitter in the mammalian brain. In this context, we 

predicted that these variants in GABRB3 (Y182C and Y182H) may cause greater loss of 

function in GABA ligand-dependent neurotransmitter inhibition compared to other 

variants. In addition, 17 variants may led to change the conformation of the protein by 

affecting the three-dimensional shape orientation of the receptor, which may also change 

ion channel behavior and consequently play an important role in the pathogenesis of 

epilepsy. 

       The American College of Medical Genetics and Genomics (ACMG) and the 

Association for Molecular Pathology (AMP) have been accepted as references for 

providing the framework for the use of in silico tools to evaluate the impact of genetic 

variants (Richards et al., 2015; Arslan, 2023). In the evaluation of the variants in our 

study, two criteria (PP3 and PM1) in the ACMG-AMP standards were classified. If all in 

silico programs tested agree on the pathogenicity prediction, PP3 is considered evidence 

supporting. In this study, seventeen variants of uncertain significance (VUSs); Y467S, 

Y467H, P298S, R294Q, T281A, G279R, S264F, Y182H, C175W, P169L, R142C, 
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H132Y, D94E, M80R, D73H, D49E, Y48C  were predicted to be pathogenic, based on 

various prediction methods (SIFT, PolyPhen-2, PANTHER-PSEP, PHD SNP, ConSurf, 

MutPred2, FATHMM-XF, SNAP2, I-Mutant 3.0 and MUpro). All prediction methods 

reported variants as pathogenic without exception in accordance with ACMG standards. 

The other criterion we will contribute to variant evaluation is PM1, which is considered 

as evidence of moderate pathogenicity for variants found in mutational hotspots, based 

on our literature searches. In this context, the ECD-TMD interface, an important region 

of the GABAAR β3 subunit, is the structural connection region between subunits. When 

it binds to a neurotransmitter binding site, it transmits its signal through the ECD-TMD 

interface. In this context, variants in this coupling region are thought to cause attenuation 

of signal transmission and thus have a possible risky function for epilepsy (Absalom et 

al., 2022). In this study, the variants that are both predicted to be pathogenic and found 

in the coupling region are as follows; M80R, P169L, C175W (located in the ECD), P298S 

(located in the TM2-TM3 loop). In addition, the proline amino acid provides 

conformational rigidity to its structure compared to other amino acids, so variations of 

proline at codons P169 and P298 (P169L and P298S) can disrupt the backbone structure 

of the protein. Considering the effect of the cysteine disulfide bridge ("Cys-loop") and 

the rigidity provided by the proline amino acid in the shaping of the ECD, P169L may 

affect receptor assembly and trafficking (Goetz et al., 2007; Ghit et al., 2021). The second 

transmembrane (TM2) domain of the GABAAR forms the inner surface of the ion 

channel. It is known that the amino acid sequences of the TM2 domain of almost all 

subunits of the GABAARs are highly conserved (Xu et al., 1996). GABAAR opens the 

channel gate through conformational changes in TM2 channel-lining segments for 

appropriate regulation of GABAergic transmission (Bera and Akabas, 2005). TM2 

channel lining segments could affect the channel gate opening mechanism through 

inappropriate conformational changes due to G279R and T281A variants in the GABRB3. 

In conclusion, among the VUSs predicted as pathogens in our study, especially those 

localized in the hotspots, may impair fast synaptic inhibition by reducing GABRB3 

function and therefore increase susceptibility to seizure activity. When combining the 

criteria of ACMG standards, our variants M80R, P169L, C175W, Y182H, T281A, P298S  

and G279R predicted as pathogenic, met the classify of very strong pathogenic with 1 

moderate (PM1) and 1 supporting (PP3). Our predicted pathogenic variants contribute to 

providing consistent and reliable genetic testing for ‘’Clinical Genetics Laboratories’’ by 

referencing the ACMG-AMP standards. 
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       It is necessary to carefully evaluate the limitations of in silico applications. Although 

molecular docking programs are generally developed for the same purpose, they may 

perform differently in some applications. In binding affinity calculation, criteria such as 

internal energy, charge polarization, entropy and flexibility are critical for the accuracy 

of scoring. In order to get the most ideal docking prediction, the structure of the ligand 

and receptor should be flexible, have more accuracy valuable, have less system 

requirements and be less tiring on the processor. In molecular docking approaches, 

proteins are commonly assumed to be rigid. Considering that proteins are naturally 

flexible, flexibility will be an important criterion in ligand binding calculations. Because 

binding affinity prediction of GABRB3 to GABA may affect the accuracy of the result 

due to the complex atomic interactions between these two molecules. Despite this 

limitation, AutoDock Vina allows GABRB3 side chains to be considered flexible during 

docking with GABA, as well as providing torsion conformations for the ligand with its 

semi-flexible feature (Trott and Olson, 2010). Although flexible placement provides more 

realistic results, it should be noted that there is a risk of obtaining less accurate values. 

From this perspective, we chose the semi-flexible application, which is the most reliable 

option for this study. 

       The complexity of the genetic and phenotypic architecture underlying epilepsy 

complicates matters somewhat. Although there are many literature-based relationships 

between type of variation and functional effect, it is possible that a variant predicted as 

LOF (loss of function/plof) may not result in the phenotype because there is no clear 

correlation between them (MacArthur et al., 2012; Vihinen, 2021; Takata et al., 2019). 

This may be due to polygenic inheritance. Polygenic inheritance, unlike Mendelian 

genetics, refers to a phenotypic trait that arises through the interaction of two or more 

different genes (Leu et al., 2019). It should also be noted that protein sequences can 

tolerate many variations. One of the challenges yet to be overcome in the treatment of 

epilepsy is the heterogeneity of the patient population. Therefore, a better understanding 

of genotype–phenotype relationships should be accelerated to classify these patients 

according to their possible susceptibility to different therapeutic interventions. 
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6. CONCLUSIONS and RECOMMENDATIONS 

       Considering that one of the underlying causes of drug resistance is etiologically 

genetic mechanisms and that these genetic mechanisms affect approximately one-third of 

the treatment of individuals with epilepsy, developing new treatment methods is critical 

for public health. One strategy to overcome drug resistance caused by variant proteins 

based on genetic variation is to develop drugs that directly target the effects of predicted 

pathogenic variation. 

       In order for experimental methods to elucidate the genetic mechanisms underlying 

diseases, they must match the data speed of methods GWAS. The fact that experimental 

methods cannot keep up with the speed of such as NGS has led to the need for alternative 

computational predictors. In this context, using computational approaches, we predicted 

pathogenic variants of the GABRB3 protein that could change the conformation of the 

protein by affecting its three-dimensional shape orientation, thus changing the ion channel 

behavior, due to its role in inhibition. In addition, We reveal in silico that variants located 

in the GABA binding domain will bind with a less attractive force to the γ-Aminobutyric 

acid ligand, the most common inhibitory neurotransmitter in the mammalian brain. 

Consequently, we predict that these variants may play an important role in the 

pathogenesis of epilepsy. 

       For more accurate interpretation of protein variant effects through computational 

predictions, annotated machine learning algorithms need to be developed that provide a 

more realistic prediction rather than a binary output with tolerance/intolerance as with 

most predictors. 

       Looking ahead, to keep pace with the output of GWAS technologies aimed at 

determining the association of genotypes with phenotypes, the development of 

computational prediction algorithms through global collaborations could help elucidate a 

number of largely unanswered fundamental questions regarding the genetic mechanisms 

of epilepsy. In order to make significant progress in the development of personalized 

sensitive treatments for specific genetic etiologies, it is recommended that the variants we 

predicted in our study be prioritized. 
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APENDIXES 

 

 Data Sheet 1. Protein stability  

 

 

 

 

 

 

 

 

 

AA Change MUpro I-Mutant 3.0 
 

AA Change MUpro I-Mutant 3.0 

Y471C Decrease Decrease 
 

C175W Decrease Decrease 

Y467S Decrease Decrease 
 

P169L Decrease Decrease 

Y467H Decrease Decrease 
 

A160E Decrease Decrease 

Y329H Decrease Decrease 
 

A160V Decrease Decrease 

A320T Decrease Decrease 
 

L153P Decrease Decrease 

V317A Decrease Decrease 
 

Y151C Decrease Decrease 

K304E Decrease Decrease 
 

V149M Decrease Decrease 

P298S Decrease Decrease 
 

D146A Decrease Decrease 

R294Q Decrease Decrease 
 

L143R Decrease Decrease 

L293P Decrease Decrease 
 

R142C Decrease Decrease 

V283M Decrease Decrease 
 

N138T Decrease Decrease 

T282A Decrease Decrease 
 

H132Y Decrease Decrease 

T281A Decrease Decrease 
 

Y99C Decrease Decrease 

G279R Decrease Decrease 
 

D94E Decrease Decrease 

N268K Decrease Decrease 
 

Y82S Decrease Decrease 

S264F Decrease Decrease 
 

Y82C Decrease Decrease 

S234L Decrease Decrease 
 

M80R Decrease Decrease 

Y230C Decrease Decrease 
 

D73H Decrease Decrease 

T227P Decrease Decrease 
 

G57R Decrease Decrease 

D188V Decrease Decrease 
 

R51G Decrease Decrease 

Y182H Decrease Decrease 
 

D49E Decrease Decrease 
    

Y48C Decrease Decrease 
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Data Sheet 2. Presentation of the superimposed structure 

17 pathogenic SNPs in GABRB3 with comments from HOPE. SWISS MODEL (Homology Modeling ) & 

UCSF Chimera 1.16 (Validation of Visualizing). 

 

Y467S 

 

               Tyrosine                            Serine 

 

 

 

 

 

 

 

The mutant residue appears smaller than the wild type residue.Therefore an empty space wil form  in the 

core of the protein.This size difference can affect the contacts with the lipid-membrane. 

As a result of both the Consurf and HOPE score results, it can be said with high confidence that the mutant 

residue is located near a highly conserved location. 

 

Y467H 

 

                                                              Tyrosine                           Histidine 

The mutant residue is smaller than the wild-type. This size difference can affect the contacts with the 

lipid-membrane. 

The wild type residue is more hyrdophobic than the mutant residue. 

The difference in hydrophobicity will affect hydrogen bond formation. This differences in hydrophobicity 

can affect the hydrophobic interactions with the membrane lipids. 

The difference in size between the two residues ensures that the new residue is not in the right position to 

make the same hydrogen bond as the original wild-type residue did. 
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Continued Data Sheet 2 

 

P298S 

 

Proline                                         Serine 

 

 

 

 

 

 

 

  The wild-type residue is a proline. Prolines are known to be very rigid and therefore induce a special backbone     

conformation which might be required at this position. The mutation can disturb this special conformation. 

 

 

R294Q 

                                              

                                                       Arginine                                Glutamine 

 

 

 

 

 

 

 

 

 

 

 

The difference in charge will disturb the ionic interaction made by the original, wild-type residue. 

The mutant residue is smaller than the wild-type residue. 

The wild-type residue is more hydrophobic than the mutant residue. 

The mutant residue is smaller than the wild-type residue. 

 The size difference between wild-type and mutant residue makes that the new residue is not in the correct 

position to make the same hydrogen bond as the original wild-type  

residue did. 

The wild-type residue charge was POSITIVE, the mutant residue charge is NEUTRAL. 
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Continued Data Sheet 2 

 

T281A 

                                                  Threonine                            Alanine 

 

 

 

 

 

 

The mutant residue is more hydrophobic than the wild-type residue. The difference in hydrophobicity will 

affect hydrogen bond formation. This differences in hydrophobicity can affect the hydrophobic interactions 

with the membrane lipids 

 

 

 G279R 

     Glycine                            Arginine 

 

 

 

 

 

 

 

The mutant residue is bigger than the wild-type residue. 

This size difference can affect the contacts with the lipid membrane. 

The wild-type residue was buried in the core of the protein. 

The mutant residue is bigger and probably will not fit. 

The wild-type residue is more hydrophobic than the mutant residue. This differences in hydrophobicity can 

affect the hydrophobic interactions with the membrane lipids. 

The wild-type residue charge was NEUTRAL, the mutant residue charge is POSITIVE. The mutant residue 

introduces a charge in a buried residue which can lead to protein folding problems. 

 

 The mutant residue is smaller than the wild-type residue. The new residue might be too small to make 

multimer contacts. 

This size difference can affect the contacts with the lipid-membrane. 
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Continued Data Sheet 2 

S264F 

                   Serine                               Phenylalanine 

 

 

 

 

 

 

 

The mutant residue is bigger than the wild-type residue.This size difference can affect the contacts with 

the lipid-membrane.The wild-type residue was buried in the core of the protein. The mutant residue is 

bigger and probably will not fit. 

The mutant residue is more hydrophobic than the wild-type residue.This differences in hydrophobicity 

can affect the hydrophobic interactions with the membrane lipids. The difference in hydrophobicity will 

affect hydrogen bond formation. 

  

Y182H 

Tyrosine                Histidine 

 

 

 

 

 

 

 

 

 

The wild-type and mutant amino acids differ in size.The mutant residue is smaller than the wild-type 

residue.The mutation will cause an empty space in the core of the protein. 

The hydrophobicity of the wild-type and mutant residue differs.The mutation will cause loss of hydrophobic 

interactions in the core of the protein. 

The mutant residue is located near a highly conserved position. 
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Continued Data Sheet 2 

C175W 

         Cysteine                          Tryptophan 

 

 

 

 

 

 

 

 

 

P169L 

       Proline                                Leucine 

 

 

 

 

 

 

 

The mutant residue is bigger than the wild-type residue.The wild-type residue was buried in the core of the 

protein. The mutant residue is bigger and probably will not fit. 

Together with loss of the cysteine bond, the differences between the old and new residue can cause 

destabilization of the structure. 

The wild-type residue is very conserved. 

 

The wild-type residue is a proline. Prolines are known to be very rigid and therefore induce a special 

backbone conformation which might be required at this position. The mutation can disturb this special 

conformation. 

The mutant residue is bigger than the wild-type residue. The wild-type residue was buried in the core of the 

protein. The mutant residue is bigger and probably will not fit. 

The wild-type residue is very conserved. 
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Continued Data Sheet 2 

R142C 

Arginine                           Cysteine    

     

 

 

 

 

 

 

 

 

The mutant residue is smaller than the wild-type residue.The new residue might be too small to make 

multimer contacts. 

The wild-type residue charge was POSITIVE, the mutant residue charge is NEUTRAL. The charge of the 

buried wild-type residue is lost by this mutation. 

The mutant residue is more hydrophobic than the wild-type residue. The difference in hydrophobicity will 

affect hydrogen bond formation. A more hydrophobic residue is introduced here. Any hydrogen bond that 

could be made by the wild-type residue to other monomers will be lost now and affect the  multimeric 

contacts. 

 

H132Y 

         Histidine                                 Tyrosine 

 

 

 

 

 

 

 

The mutant residue is bigger than the wild-type residue. The wild-type residue was buried in the core of the 

protein. The mutant residue is bigger and probably will not fit. 

The hydrophobicity of the wild-type and mutant residue differs. The mutation will cause loss of hydrogen 

bonds in the core of the protein and as a result disturb correct folding. 
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Continued Data Sheet 2 

D94E 

Aspartic Acid               Glutamic Acid 

 

 

 

 

 

 

 

The mutant residue is bigger than the wild-type residue.The wild-type residue was buried in the core of the 

protein. The mutant residue is bigger and probably will not fit. 

Only this residue type was found at this position. Mutation of a 100% conserved residue is usually 

damaging for the protein. 

 

M80R 

  Methionine                           Arginine 

 

 

 

 

 

 

 

The mutant residue is bigger than the wild-type residue.The wild-type residue was buried in the core of the 

protein. The mutant residue is bigger and probably will not fit. 

The wild-type residue charge was NEUTRAL, the mutant residue charge is POSITIVE. 

The hydrophobicity of the wild-type and mutant residue differs.The mutation will cause loss of hydrophobic 

interactions in the core of the protein. 
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Continued Data Sheet 2 

D73H 

     Aspartic Acid                             Histidine 

 

 

 

 

 

 

 

 

The mutant residue is bigger than the wild-type residue. 

The residue is located on the surface of the protein, mutation of this residue can disturb interactions with 

other molecules or other parts of the protein. 

The wild-type residue charge was NEGATIVE, the mutant residue charge is NEUTRAL. 

The charge of the wild-type residue is lost by this mutation. This can cause loss of interactions with other 

molecules. 

 

D49E 

Aspartic Acid         Glutamic Acid 

 

 

 

 

 

 

 

 

 

The mutant residue is bigger than the wild-type residue.The mutation introduces a bigger residue 

at this position, this can disturb the multimeric interactions. 

Only this residue type was found at this position. Mutation of a 100% conserved residue is 

usually damaging for the protein. Mutant residue is located near a highly conserved position. 
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Continued Data Sheet 2 

Y48C 

                                               Tyrosine                                 Cysteine 

 

 

                         

 

 

 

 

 

 

The mutant residue is smaller than the wild-type residue.This will cause a possible loss of external 

interactions. 

The mutant residue is more hydrophobic than the wild-type residue.The difference in 

hydrophobicity will affect hydrogen bond formation. 
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Data Sheet 3. Analysis of structural effects with images of superimposed atoms 
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Continued Data Sheet 3 
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Data Sheet 4. Binding affinity outputs. 

Binding affinity  of WT GABRB3 and GABRB3 containing variant residues  (A) Cys 182, (B) His 182, 

(C) Val 225, (D) Pro 227, (E) Ala 227, and (F) Cys 230 to γ-Aminobutyric acid (GABA). *The docking 

interactions of the variants and WT of GABRB3 were examined, it was calculated as ΔΔG = -4.8 

Kcal/mol, ΔΔG= -4.9 Kcal/mol, ΔΔG= -5.0 Kcal/mol, ΔΔG= -5.0 Kcal/mol, ΔΔG= -5.1 Kcal/mol and  

ΔΔG= -5.3 Kcal/mol for the Y182C, Y182H, T227A, T227P, F225V, Y230C variants and WT,  

respectively. **RMSD: Root-Mean-Square Deviation ( RMSD l.b /u.b: lower bound/ upper bound 

 
(A) 

(B) 

(C) 
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Continued Data Sheet 4 

 

 

(D) 

(E) 

(F) 


