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ABSTRACT 

Biological databases are the central repositories where important experimental information is 

stored. Raw data is useless until or unless it is backed up by a good database management 

system. RDBMS has the capability of deriving implicit meaning out of raw facts. In modern 

biology, databases turned their faces towards the development in the field of bioinformatics. 

Now a day databases are being lodged with the data analysis tool where that data be a DNA 

sequence, protein sequence or protein structure. Data is meaningless with the absence of its 

analytic tools in bioinformatics. Structured query language is a potent non procedural 

language which is very well being used for the database creation. Such a platform is provided 

by Microsoft in form of MS SQL Server. Moreover interactive user interface is also an 

interesting criterion for the database development. Today database have spread their arms in 

every field of biology. Till date in field of neuroscience various databases are accessible 

which is having information regarding gene expression, neurons, macroscopic brain structure, 

and neurological or psychiatric disorders. But still there is no database repository for 

neurological channelopathies. Neurological Channelopathic Knowledge Base (NCKB) will 

provide detailed pathological information about the neurological channelopathies as well as 

detailed information about the ion channels involved in the neurological disorders. This 

database has been integrated with online bioinformatical tools. 

 

Herein we have developed i) Neurological Channelopathic Knowledge Base- a software with 

complete package of Neurological channelopedia, Neurological channelopathies database and 

interactive data retrieval user interface. 
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INTRODUCTION 

Neurological channelopathic knowledge base (NCKB) software is an appeal for data 

warehousing of neurological disorders related with the dysfunctional ion channels. Databases 

are the organized collection of relevant data which provide assistance to the scientists for 

leading the research in their respective area. These databases now a day fledged by the 

analytical tools for the interpretation of biological data. Due to which bioinformatics came 

into picture to assist in storing, extracting, organizing and analysing the valuable information 

out of the raw sequence and structural data. These databases can be classified into three 

categories based on the method of procured information namely Primary, Secondary and 

Composite database. This database serves as a composite database. The database designing 

concept is explained in Figure 1. 

Biological databases execute two fundamental functions: - 

1. Accessibility of biological data to the researchers. 

Information about a particular field and use of that information can be explored by the 

scientists to extend their research from the present state. This enables in the 

advancement of biological research. 

2. Availability of biological data in computer readable form. 

For the analysis of biological information it is necessary to have it in computer 

readable form such that computational tools can be applied on them. 

 

  
 

Figure 1: Database design concept 

 

For the access of a database, Database Management System (DBMS) is the essential 

requirement. It plays a crucial role in application development that can interact with the user, 

other applications and the database itself to capture and analyse data. SQL is a standard 

language for accessing databases.  
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Database Management system: - 

It is a collection of interrelated data and set of programs to access those data. Its primary use 

is to provide a way to store and retrieve data base information i.e. both conveniently and 

efficiently. Architecture for a DBMS is illustrated in Figure 2. 

DBMS is a general purpose software system that facilitates four purposes: - 

1) Defining: - it involves specifying data types, structures and constraints for the data to 

be stored in database. 

2) Constructing: - it involves storing the data on some storage medium i.e. controlled 

by DBMS. 

3) Manipulating: - it includes such functions as querying the database to retrieve 

specific data, update the data to reflect the changes and generate reports from the data. 

4) Sharing: - it allows multiple users & programs to access database concurrently. 

 

 
 

Figure 2: Architecture for a database system 

 

Neurological Channelopathic Knowledge Base (NCKB) has been designed with the help of 

Microsoft SQL server program whereas its software package has been designed with help of 

Microsoft Visual Studio program. It is user friendly and provides access to the online 

available bioinformatics analytical tools. SQL and C-sharp (C#) languages has been used for 

its development. It has been designed with the help of two software that involves „SQL 

Server Management Studio 2005‟ and „Microsoft Visual Studio 2008‟. NCKB contains two 

databases that are Neurological Channelopedia and Neurological Channelopathies. 

Neurological Channelopedia possess information about the ion channels while Neurological 

channelopathic database stores the genetic, structural and mechanistic information about the 

channelopathies. This software has been backed with exceptional security that underlies at 

three levels. One at NCKB software installation in form of a „Product Key‟, another at 

software access in form of „Login Password‟ and finally at the database installation in the 

form of „SQL connection password‟. Moreover exceptions have been handled with care that 

identified the absolute errors involved. 

 

MS SQL is a relational database management system whose primary function is to store and 

retrieve data on requisition by other software applications. Structural query language is a 

programming language based on relational algebra and relational tuple calculus for coping 

data in a relational database management system. The horizon of SQL comprises data 



 
 

[7] 

insertion, querying, updating, deletion, schema creation and mitigation, and data access 

control. 

Microsoft Visual Studio is a program that contains the development tools for creating various 

web, desktop and mobile applications. It has an integrated development environment (IDE) 

that allows sharing of tools and creation of mixed-language solutions. A conceptual model of 

data retrieval is designed in Figure 3. 

 

 
 

Figure 3: A conceptual model of information retrieval 

 

Neurological Channelopathic Knowledge Base contains two databases: - 

1. Neurological Channelopedia 

It contains the relevant information about all the ion channels which is involved in the 

neurological disease. 

 

Schema of Neurological channelopedia: - 

Channel 

Name 

Subtype Gene encoding 

subtypes 

Tissue 

specificity 

Subcellular 

location 

Structure Physiological 

role 

Involvement 

in disease 

References 

 

2. Neurological Channelopathies 

It contains the relevant information about the neurological channelopathies. 

 

Schema of Neurological channelopathies: - 

Tissue 

affected 

Ion 

channels 

Gene Channel 

subunit 

Disease 

caused 

Symptoms Mechanism References 

 

Neurological channelopathic database covers broad informational aspects of neurological 

disorders associated with ion channel dysfunctions. 
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REVIEW OF LITERATURE 

Normal functioning of neurological tissues lies in the intricate interplay among ion channels 

which is responsible for the membrane excitability. Nonfunctional ion channels are 

accountable for special class of neurological disorders termed as neurological 

channelopathies. “Neurological channelopathies” is attributed to the neurological disorders 

which are provoked due to genetic aberration (mutation) in the ion channels (Kullmann and 

Hanna., 2002). However, its phenotype is covering extensive areas ranging from epilepsies, 

migraine, and periodic paralysis to pain disorders. Eminent candidates that are responsible for 

aiding transient neurological disorders is found to be stress, caffeine and ethanol (Raike et al., 

2013). 

 

Genetic neurological channelopathies possesses three typical hallmarks, for instance: -  

 Paroxysmal in nature: It means impaired neurological functional episodes separated by 

periods of normality are experienced by the patient. Some of these examples include 

migraine and epilepsy (Kullmann and Hanna., 2002; Graves and Hanna., 2005; Kullmann 

and Waxman., 2010). 

 Environmental onset: Episodes are set off by environmental factors like thermal, physical 

and emotional stresses. 

 Genetic neurological channelopathy is prone to natural antiquity: Frequency of attack 

conventionally dwindles with the time but the patient faces some neurological disability. 

 

Clinical phenotypes include muscle disorders such as periodic paralysis and myotonia 

(muscle stiffness), disorders of peripheral nerve excitability such as neuromyotonia and brain 

disorders like migraine and epilepsy (Graves and Hanna., 2005). 

 

3.1 Importance of Ion Channels 

In an organism, ion channels play an important role for the regulation of cellular 

homoeostasis. The ion channels are the molecular basis of membrane excitability 

(synaptic transmission, action potentials, sensory transduction; Pak and Pinto, 1976) that 

has been established for the past five decades but molecular entities are characterized 

only a decade back. Any alteration or malfunctioning in ion channels is incompatible with 

life (Graves and Hanna, 2005). Ion channels are present in the plasma membrane of the 

cells, organelles and monitored a critical role in cardiac, nervous, and immune systems. 

Several studies proved that ion channels are important target of many clinically used 

drugs, for instance amitriptyline targets Nav1 channels and ziconotide targets Cav2.2 

channel (Kaczorowski et al., 2008). 

 

3.2 Ion Channels and Underlying Genetic Diversity 

3.2.1 Sodium Ion Channel 

Sodium channel allows the inflow of Na
+
 ions once excited due to potential difference 

across the plasma membrane of the cell. Further, depolarization activates the sodium 

channel which provides a passage of sodium ion into the muscle fiber or neuron, 

thereby forming the depolarization upstroke of the action potential. With the opening 
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of sodium channel, membrane potential shifted from -70mV to less negative values 

due to the influx of positive sodium ions thereby elevating the positive charge inside 

the membrane. Kariev and Green proposed and provided the evidence that protons 

constitute the gating current to open the channel (Kariev and Green, 2012). Based on 

the genetic diversity they are classified into different subtypes (i.e. Nav1.1 to Nav1.9) 

that are known to be associated with various diseases summarized in Table 1. 

Channel 

Name 
Subtypes 

Genes 

encoding 

subtypes 

Tissue Specificity 
Subcellular 

location 
Subunit structure Physiological Role 

Involvement in 

disease 
References 

Sodium 

(NaV) 

Channel 

NaV 1.1 SCN1A 

Adult brain, 

especially in 

Purkinje cells 

Cell bodies 

Nav type-1 α-subunit 

(tetradomain). Each 

domain consists of 

internally repeated 

segments (S1–S6) 

Control of action 

potential 

generation and 

propagation 

Myoclonic epilepsy 

(Kalume et 

al., 2007) 

(Spampanato 

et al., 2003) 

NaV 1.2 SCN2A 
Central neurons, 

peripheral neurons 

Axon initial 

segment of 

Cerebellar 

granule cells 

Nav type-2 α-subunit 

(tetradomain). Each 

domain consists of 

internally repeated 

segments (S1–S6) 

Control of action 

potential 

generation and 

propagation 

Inherited febrile 

seizures 

(Kearney et 

al., 2001)             

(Shi et al., 

2012) 

NaV 1.3 SCN3A 

Developing CNS, 

peripheral neurons 

and cardiac 

myocytes 

Membrane 

Nav type-3 α-subunit 

(tetradomain). Each 

domain consists of 

internally repeated 

segments (S1–S6) 

Fast activation and 

Inactivation 

Kinetics 

Hyper excitability in 

epileptic patient 

(Estacion et 

al.,2010) 

NaV 1.4 SCN4A Skeletal muscle Membrane 

Nav type-4 α-subunit 

(tetradomain). Each 

domain consists of 

internally repeated 

segments (S1–S6) 

Generation and 

propagation of 

action potentials 

that initiate muscle 

contraction 

Several myotonia and 

periodic paralysis 

disorders, Arrhythmias 

(Anyukhovsk

y et al., 2011) 

NaV 1.5 SCN5A 
Brain, cardiac 

muscle 

Axon, Co-

localized 

with 

Neurofilame

nts 

Nav type-5 α-subunit 

(tetradomain). Each 

domain consists of 

internally repeated 

segments (S1–S6) 

Action potential 

generation & 

propagation in 

cardiac tissue and 

brain 

Syncope, Seizures, 

Cardiac arrhythmias  

Long QT syndrome 

(LQTS), Brugada 

syndrome, Cardiac 

conduction disease 

(Hu et al., 

2010)                       

(Tan et al., 

2007) 

NaV 1.6 SCN8A 
Cerebellar granule 

cells 

Mature nodes 

along 

compact 

myelinated 

axons, 

dendrites 

Nav type-8 α-subunit 

(tetradomain). Each 

domain consists of 

internally repeated 

segments (S1–S6) 

Most prominently 

expressed and 

potential 

generation in 

various types of 

tissues 

Cognitive impairment 

with or without 

cerebellar ataxia 

(CIAT), Epileptic 

encephalopathy, early 

infantile, type 13 

(EIEE13) 

(Trudeau et 

al., 2006) 

(Osorio et al., 

2005) 

Nav 1.7 SCN9A 

Nociceptors 

(Nerves 

transmitting pain 

signals) 

Membrane 

Nav type-9 α-subunit 

(tetradomain). Each 

domain consists of 

internally repeated 

segments (S1–S6) 

Responsible for 

carrying pain 

signals to brain 

Erythromelalgia, 

Paroxysmal extreme 

pain disorder, 

Congenital 

insensitivity to 

pain(CIP) 

(Cregg et al., 

2013)                   

(Estacion et 

al., 2011)              

(Klein et al., 

2013) 

Nav 1.8 SCN10A 
Peripheral sensory 

nervous system 
Membrane 

Nav type-10 α-subunit 

(tetradomain). Each 

domain consists of 

internally repeated 

segments (S1–S6) 

Transmits pain 

signals to CNS in 

cold temperature 

Pain and Paresthesias 
(Faber et al., 

2012) 

Nav 1.9 SCN11A 

Heart and Dorsal 

root ganglion 

neurons 

Trigeminal 

neurones and 

their axons 

Nav type-11 α-subunit 

(tetradomain). Each 

domain consists of 

internally repeated 

segments (S1–S6) 

Involved in pain 

related signaling 

Mechanical and Heat 

pain hypersensitivity 

(Lolignier et 

al., 2011) 

NaV β1 SCN1B 
Muscle and 

Neuronal cells 
Membrane 

Nav type-1 β-subunit. 

Single domain. 

Auxiliary subunit 

Modulate channel 

gating kinetics 

Brugada syndrome, 

Generalized epilepsy 

with febrile seizures 

plus type 1 

(Audenaert et 

al., 2003) 

(Patino et al., 

2011) 

NaV β2 SCN2B 

White matter tracts 

in the cerebellum, 

Hippocampal, 

cortical pyramidal 

neurons, and 

cerebellar purkinje 

neurons 

At the 

membrane of  

Cell bodies 

and Nodes of 

Ranvier 

Nav type-2 β-subunit. 

Single domain. 

Auxiliary subunit 

Modulate channel 

gating kinetics 
Brugada Syndrome 

(Riuro et al., 

2013) 

NaV β3 SCN3B 
Contractile 

myocardium 
Membrane 

Nav type-3 β-subunit. 

Single domain. 

Auxiliary subunit 

Modulate channel 

gating kinetics 

Brugada syndrome 

type 7 

(Hu et al., 

2009)                       

(Carmen et 

al., 2010) 

NaV β4 SCN4B Dorsal root ganglia Membrane 

Nav type-4 β-subunit. 

Single domain. 

Auxiliary subunit 

Modulate channel 

gating kinetics 

Long QT-syndrome 

type 10 

(Medeiros-

Domingo et 

al., 2007) 

Table 1: Sodium ion channel subtypes in association with various diseases  
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3.2.2 Potassium Ion Channel 

Potassium channel is responsible for conducting K
+
 ions level down the 

electrochemical gradient and involved in various functions for instance, excitation of 

neuronal cells, regulation of cell volume and secretion of hormones (Armstrong and 

Hille, 1998). With the opening of potassium channel in response to membrane 

depolarization, membrane potential drops down from +30mV to -70mV due to the 

efflux of positive ion, making more negative inside the membrane and therefore 

proceed towards repolarization of the membrane. Different family of potassium 

channels exist depending upon the method of gate opening that are ligand-gated 

potassium channel which requires binding of an ion, organic molecule and another 

one is voltage gated that require voltage stimulus for pore opening (MacKinnon, R. 

2003). Mutations in these diverse potassium channel subtypes have been associated 

with diseases are elaborated in Table 2. 

Channel 

Name 
Subtypes 

Genes 

encoding 

subtypes 

Tissue Specificity 
Sub cellular 

location 
Structure Physiological Role 

Involvement in 

disease 
References 

Potassium 

(Kv) 

Channel 

Kv1.1 KCNA1 

Unmyelinated Axons, 

Cell Somas, Axon 

Terminals, Dendrites 

Membrane, 

Transmembrane 

Kv shaker member 

1, α-subunit consist 

of six helical 

segments (S1-S6) 

Circadian Rhythms, 

Neuronal Firing 

Episodic Ataxia Type 

1, Myokymia, Periodic 

Ataxia 

(Orazio et al., 2012) 

(Brew et al., 2003) 

(Shook et al., 2008) 

Kv1.2 KCNA2 

Hippocampal Neuron 

Neocortex, Main 

olfactory bulb 

(MOB) and 

Cerebellum 

Membrane, 

Multi-pass 

membrane protein 

Kv shaker member 

2, α-subunit consist 

of six helical 

segments (S1-S6) 

Regulation of state 

Transitions and 

Repetitive activity in 

Striatal Medium 

Spiny Neurons 

Cerebellar Ataxia, 

myokymia and 

neuromyotonia 

(Pruss et al., 2009) 

(Lorincz and 

Nusser., 2008) 

Kv1.3 KCNA3 
Effector memory   T-

cells 

Membrane, 

Multi-pass 

membrane protein 

Kv shaker member 

3, α-subunit consist 

of six helical 

segments (S1-S6) 

Regulate several 

physiological 

functions of 

Lymphocytes, Cell 

Proliferation 

Down syndrome 

Neural Progenitors 

(Wulff et al., 2003) 

(Cidad et al., 2012) 

Kv1.4 KCNA4 Heart, Cerebellum 

Membrane, 

Multi-pass 

membrane protein 

Kv shaker member 

4, α-subunit consist 

of six helical 

segments (S1-S6) 

Modulating 

Electrophysiological 

Behavior 

Chronic Pancreatitis,   

Hyperalgesia 

(Chandy et al., 

2004) (Freedman et 

al., 1992) (Leonard 

et al., 1992) 

Kv1.5 KCNA5 Heart, Brain 

Cell membrane, 

Multi-pass 

membrane protein 

Kv shaker member 

5, α-subunit consist 

of six helical 

segments (S1-S6) 

Physiological 

processes in Brain 

and Muscle 

Ischemia Affects 

(Fedida et al., 2003) 

(Gobrit et al., 2007) 

(Vicente et al., 

2006) (Archer et al., 

2001) (Stapels et 

al., 2010) 

Kv1.6 KCNA6 Ganglion Cell 

Membrane, 

Multi-pass 

membrane protein 

Kv shaker member 

6, α-subunit consist 

of six helical 

segments (S1-S6) 

Mediates the 

voltage-dependent 

potassium ion 

permeability of 

excitable membranes 

Myokymia and 

Neuromyotonia 

(van Poucke et al., 

2012) 

Kv1.7 KCNA7 
Heart, Kidney, 

Skeletal Muscle 

Membrane, 

Multi-pass 

membrane protein 

Kv shaker member 

7, α-subunit consist 

of six helical 

segments (S1-S6) 

Important  Role in 

the Repolarization of 

Cell Membranes 

Acute myeloid 

Leukemia 

(Finol-Urdaneta et 

al., 2006) (Kashuba 

et al., 2001) 

Kv2.1 KCNB1 CNS 

Pyramidal 

Neurons in 

Cortex 

Kv shab member 1, 

α-subunit consist of 

six helical segments 

(S1-S6) 

Regulates Neuronal 

Excitability, Action 

Potential Duration 

and Tonic Spiking 

Hyperalgesia 
(Misonou et al., 

2005) 

Kv2.2 KCNB2 
Trapezoid body 

neurons 

Trapezoid body 

neurons 

Kv shab member 2, 

α-subunit consist of 

six helical segments 

(S1-S6) 

Regulate Action 

Potential Firing 

Cardiovascular disease 

risk 

(Johnston et al., 

2008) (Kihira et al., 

2010) 

Kv3.1 KCNC1 

Cortex, Cerebellum, 

Hippocampus 

Neurons in the 

Globus Pallidus, 

CNS 

Hippocampus 

Neurons in the 

Globus Pallidus 

Kv shaw member 1, 

α-subunit consist of 

six helical segments 

(S1-S6) 

Involved in Motor 

Control 

Ataxia with prominent 

Hypermetria, 

Constitutive 

Hyperactivity, Sleep 

Loss, Impaired Motor 

performance, Tremor 

and Myoclonus 

(Lewis et al., 2004) 

(Espinosa et al., 

2008) 

Kv3.2 KCNC2 

Cortical GABAergic 

Interneurons, 

Hippocampus 

Somatic, Proximal 

Dendritic Membrane 

Axons 

Proximal 

Dendritic 

Membrane 

Axons, Cortical 

GABAergic 

Interneurons 

Kv shaw member 2, 

Homo- or hetero 

tetramer, α-subunit 

consist of six 

helical segments 

(S1-S6) 

Neurodevelopmental 

delay Cerebellar 

Ataxia 

Susceptibility to 

Seizures 

(Chow et al., 1999) 

(Lau et.al., 2000) 
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Kv3.3 KCNC3 

Cortex, Basal 

Ganglia and 

Cerebellum 

Membrane, 

Multi-pass 

membrane protein 

Kv shaw member 3, 

Homo- or, α-

subunit consist of 

six helical segments 

(S1-S6) 

Involved in Motor 

Control 

Constitutive 

Hyperactivity, Sleep 

Loss, Impaired Motor 

Performance, Ataxia, 

Tremor and 

Myoclonus 

(Espinosa et al., 

2008) 

Kv4.1 KCND1 

Epithelial Cells, 

Alveolar and 

Mammary Epithelial 

Cells, Adipose 

Tissue-Derived Stem 

Cells 

Multi-pass 

membrane 

protein,   

Alveolar  

Mammary 

Epithelial Cells  

Adipose Tissue-

Derived Stem 

Cells 

Kv shal member 1, 

Homo tetramer, α-

subunit consist of 

six helical segments 

(S1-S6) 

Contribute to cell 

Migration and 

Wound Healing 

Gastric Cancer NOS, 

Malignant Neoplasm 

of Breast 

(Sandhiya and 

Dkhar., 2009) 

Kv4.2 KCND2 Brain 

Localized in the 

Dendrites near 

Postsynaptic 

Regions 

Kv shal member 2,, 

α-subunit consist of 

six helical segments  

(S1-S6) 

Regulate Synaptic 

Plasticity 
Cardiovascular disease (Jo et al., 2010) 

Kv4.3 KCND3 
Rat Adult Brain and 

Heart Tissues 

Molecular layer 

Interneurons 

Kv shal member 3,, 

α-subunit consist of 

six helical segments 

(S1-S6) 

Internalized in 

response to 

Glutamatergic 

stimulation in 

Purkinje Cells, 

Neuronal Somato-

dendritic Interactions 

Spin cerebellar Ataxia 

Type 1, Cerebellar 

Ataxia 

(Hourez et al., 

2011)  

Kv7.2 KCNQ2 
Peripheral Nerve 

System 

Membrane, 

Multi-pass 

membrane protein 

Kv KQT like 

Subfamily member 

2, Heteromultimer, 

α-subunit consist of 

six helical segments 

(S1-S6) 

Regulate 

Neurotransmitter 

Release, Heart Rate, 

Insulin Secretion 

Neuronal 

Excitability, 

Epithelial electrolyte 

Transport, Smooth 

Muscle contraction 

Myokymia and 

Neuromyotonia 

(van Poucke et al., 

2012) 

Kv7.3 KCNQ3 
Distributed Broadly 

in Brain 

Membrane, 

Multi-pass 

membrane protein 

Kv KQT like 

Subfamily member 

3, Heteromultimer, 

α-subunit consist of 

six helical segments 

(S1-S6) 

Electrical Hyper 

excitability in BFNC 

Familial Neonatal 

Convulsions (BFNC), 

Autosomal Dominant 

Epilepsy of Infancy, 

Myokymia 

(Schroeder et al., 

1998) (Chung et al., 

2006) 

Kv7.4 KCNQ4 
Almost All Brain 

Regions 

Discrete Nuclei 

Of Brainstem, 

Including the 

Mid- Brain 

Kv KQT like 

Subfamily member 

4, Homo/Hetero 

tetramer, α-subunit 

consist of six 

helical segments 

(S1-S6) 

Participate in both 

pre- and 

Postsynaptic 

Modulation of basal 

and stimulated 

excitatory 

Neurotransmission 

Chinese Non-

Syndromic Hearing 

Loss Pedigree 

(Kharkovets et al., 

2000) 

Kv7.5 KCNQ5 
Neocortex and the 

Hippocampal 

Apical and 

Lateral 

Membranes 

Kv KQT like 

Subfamily member 

5, Heteromultimer , 

α-subunit consist of 

six helical segments 

(S1-S6) 

Controlling Basal 

Anion Secretion 
Epilepsy 

(Yus-Najera et al., 

2003) 

Table 2: Potassium ion channel subtypes in association with various diseases 

3.2.3 Calcium Ion Channel 

Calcium channels are responsible for mediating the flow of Ca
2+

 ions in response to 

either voltage or ligand and therefore designated as voltage gated or ligand gated 

calcium channel (Striggow and Ehrlich., 1996). Voltage gated calcium channel 

mediates the influx of Ca
2+

 ions along the electrochemical gradient across the plasma 

membrane and have been classified into transient (T-type), long-lasting (L-type) 

currents, N-, P/Q and R type according to their inactivation properties (Tsien et 

al.,1987; Llinas et al.,1992). These diverse channel subtypes associated with diseases 

have been summarized in Table 3. These calcium channels have been involved in a 

variety of functions that are triggering gene expression (Morgan and Curran., 1989), 

link membrane depolarization to intracellular signaling (Westenbroek et al.,1990), 

excitation-contraction coupling, rhythmic activity and excitation-secretion coupling 

(Bergsman et al., 2000).  

http://www.ncbi.nlm.nih.gov/pubmed?term=Hourez%20R%5BAuthor%5D&cauthor=true&cauthor_uid=21849540
http://www.ncbi.nlm.nih.gov/pubmed?term=Hourez%20R%5BAuthor%5D&cauthor=true&cauthor_uid=21849540
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Channel 

Name 
Subtypes 

Genes 

encoding 

subtypes 

Tissue Specificity 
Sub cellular 

location 
Subunit Structure Physiological Role 

Involvement in 

disease 
References 

Calcium 

(CaV) 

Channel 

Cav1.1 CACNA1S Skeletal Muscle 

Located in 

Muscle Cells 

triad junctions 

Cav L-type, α-1S 

subunit, Each α1 

subunit consists of 6 

helical transmembrane 

segments (S1-S6) 

Functions as a Voltage 

Sensor in Skeletal Muscle 

Excitation-Contraction 

Coupling 

Hypokalemic 

Periodic Paralysis, 

Thyrotoxic 

Periodic paralysis 

and Malignant 

Hyperthermia 

Susceptibility 

(Kung et al., 

2004)            

(Kim et al., 2001) 

Cav1.2 CACNA1C 
Brain, Heart, Ovary 

Neurons 

Membrane; 

Multi-pass 

membrane 

protein 

Cav L-type, α-1C 

subunit, Each α1 

subunit consists of 6 

helical transmembrane 

segments (S1-S6) 

Release of Hormones and 

Neurotransmitters 

Vision, Hearing, 

and Gene 

Expression 

(Kameda et al., 

2006)                         

(Reuter H. 1983) 

Cav1.3 CACNA1D 

Auditory Brainstem, 

Center Auditory 

Sensory hair Cells, 

Neuronal Cells and 

Some Epithelial Cells 

Somato-

dendritic 

Compartment of 

many Types of 

Neurones 

Cav L-type, α-1D 

subunit, Each α1 

subunit consists of 6 

helical transmembrane 

segments (S1-S6) 

Regulate Intracellular 

Processes such as 

Contraction, Secretion, 

Neurotransmission and 

Gene Expression 

Deafness 

(Roberts et al., 

1990)                        

(Satheesh et al., 

2012) 

Cav1.4 CACNA1F Retina 

Expressed in the 

Retina and 

Localizes at 

Ribbon 

Synapses in 

Cone and Rod 

photoreceptors 

Cav L-type, α-1F 

subunit, Each α1 

subunit consists of 6 

helical transmembrane 

segments (S1-S6) 

Synaptic Transmission 

and Cellular organization 

in Retina 

Congenital 

Stationary Night 

Blindness , 

Syndromic 

Autism, 

Schizophrenia 

(McRory et al., 

2004)                                        

(Klassen et al., 

2011)                                   

(Wei and 

Hemmings., 

2006) 

Cav2.1 

(P/Q) 
CACNA1A 

Presynaptic 

Terminals  Cerebellar 

Purkinje Cells 

Granule Cells, Cortex 

Somato-

Dendritic 

membranes 

throughout the 

brain 

Cav P/Q-type, α-1A 

subunit, Each α1 

subunit consists of 6 

helical transmembrane 

segments (S1-S6) 

Mediating 

Neurotransmitter release 

in the Nervous System, 

Postsynaptic Integration, 

Neuroplasticity, Neural 

Excitability, and Gene 

Transcription 

Spin cerebellar 

Ataxia Type 6 

(Llinas et al., 

1992)                                

(Mintz et al., 

1992)                                    

(Chen and 

Piedras-Rentería., 

2007) 

Cav2.2 

(N) 
CACNA1B 

Neuron, Retinal 

Ganglion cell 

Multi-pass 

membrane 

protein 

Cav N-type, α-1B 

subunit, Each α1 

subunit consists of 6 

helical transmembrane 

segments (S1-S6) 

Controls Neurotransmitter 

Release from Neurons 

Episodic Ataxia 

Type 2, 

Schizophrenia and 

Bipolar Disorder 

(Yasuda et al., 

2004)                                            

(Zhang et al., 

2008) 

Cav 2.3 ( 

R) 
CACNA1E 

Neuronal Tissues 

(Kidney) 

Multi-Pass 

membrane 

Protein 

Cav R-type, α-1E 

subunit, Each α1 

subunit consists of 6 

helical transmembrane 

segments (S1-S6) 

Modulation of firing 

patterns of neurons,  

Muscle Contraction,  

Hormone or 

neurotransmitter release, 

Cell Motility, Cell 

Division and Cell Death 

Juvenile 

Myoclinic 

Epilepsy 

(Schneider et al., 

1994)                                    

(Williams et al., 

1994)                              

(Suzuki et al., 

2004) 

Cav3.1 CACNA1G 
Neurons and Cardiac 

tissue 

Multi-pass 

membrane 

protein 

Cav T-type, α-1G 

subunit, Each α1 

subunit consists of 6 

helical transmembrane 

segments (S1-S6) 

Neuronal Firing Activity,  

Cardiac Pacemaker 

Activity 

Epilepsy, Cardiac 

Hypertrophy 

(Hagiwara et al., 

1988)                 

(Huguenard, JR. 

1996)            

(Tsakiridou et al., 

1995) 

Cav3.2 CACNA1H 
Kidney, Liver, Heart, 

Brain 

Multi-pass 

membrane 

protein 

Cav T-type, α-1H 

subunit, Each α1 

subunit consists of 6 

helical transmembrane 

segments (S1-S6) 

Secretion of 

Neuroendocrine Prostate 

Cancer Cells, Contraction, 

Secretion 

Neurotransmission and 

gene Expression. 

Epilepsy, 

Idiopathic 

generalized Type 

6, Epilepsy, 

childhood absence 

6 (ECA6) 

(Splawski et al., 

2006) 

Cav3.3 CACNA1I Brain Specific 

Somato-

dendritic 

Compartment of 

many Types of 

Neurones 

Cav  T-type α- 1I 

subunit, Each α1 

subunit consists of 6 

helical transmembrane 

segments (S1-S6) 

Electrical and  Signaling,  

generate burst firing and 

Pacemaker Activity 

Hyperalgesia 

(Talley et al., 

1999)                                            

(Carbone and 

Lux., 1984)                                          

(Kim et al., 2003) 

Cav β1 CACNB1 

Brain, Heart, Spleen, 

Central Nervous 

System & Neuro-

blastoma Cell 

Sarcolemma; 

Peripheral 

membrane 

protein 

Cav L-type, β-1 

(auxiliary)subunit 

Modulating G protein 

inhibition and controlling 

the alpha-1 subunit 

membrane targeting 

Malignant 

Hyperthermia 

susceptibility 

(Autosomal 

Dominant 

Disorder of 

Skeletal Muscle) 

(Gregg et 

al.,1996) 

Cav β2 CACNB2 Heart, Retina 
Membrane of 

smooth Muscle 

Cav L-type , β-2 

(auxiliary) subunit 
Hyperpolarizing Shifts 

Lambert-Eaton 

Myasthenic 

Syndrome, 

Brugada 

Syndrome 

(Perez-Reyes et 

al.,1992)                            

(Pichler et al., 

1997)                          

(Ball et al., 2002)                                     

(Reimer et al., 

2000)                    

(Singer et al., 

1991) 

Cav β4 CACNB4 

Brain, predominantly 

in the Cerebellum, 

Kidney 

Vestibular, 

Cerebellar 

Neuronal 

membrane 

Cav L-type , β-4 

(auxiliary) subunit 

Shifting the Voltage 

dependencies of activation 

and inactivation, 

Modulating G protein 

inhibition 

Idiopathic 

generalized 

Epilepsy, Juvenile 

Myoclonic 

Epilepsy 

(Xu et al., 2011)                                                     

(Ohmori et al., 

2008) 
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Cav ϒ2 CACNG2 Brain 

Multi-pass 

membrane 

protein 

Cav ϒ-2 

(auxiliary)subunit 

Regulates the trafficking 

and gating properties of 

AMPA-selective 

glutamate receptors 

Mental 

Retardation  

(Hamdan et al., 

2011)                                  

(Shi et al., 2010)                                         

(Black and 

Lennon., 1999) 

Cav ϒ5 CACNG5 Epithelia 

Cell Junction , 

Postsynaptic 

Cell Membrane 

Cav ϒ-5 

(auxiliary)subunit 

Modulates gating 

properties 

Schizophrenia and 

Bipolar Disorder 

(Chen RS. et al., 

2007)                                           

(Curtis et al., 

2011)                                                       

(Chu et al., 2001) 

Table 3: Calcium ion channel subtypes in association with various diseases 

3.2.4 Chloride Ion Channel 

Chloride channel is the Cl
-
 ion conducting channel that can be categorized into five 

different types depending on the type of activators involved which are cAMP, Ca
2+

, 

volume, voltage and ligand (Suzuki et al.,2006). Presently three well known gene 

families of Cl
-
 ions are ClC gene family, cAMP activated CFTR Cl

-
 channel gene 

family and ligand gated GABA, glycine-receptor chloride channel gene family 

(Jentsch et al.,2002). Different subtypes of this channel associated with diseases have 

been summarized in Table 4. These chloride channels play a variety of roles that are 

cell volume regulation, trans-epithelial transport, secretion of fluid from secretory 

glands and stabilization of membrane potential (Jentsch et al.,1995). 

Channel 

Name 
Subtypes 

Genes 

encoding 

subtypes 

Tissue 

Specificity 

Sub cellular 

location 
Subunit structure Physiological Role 

Involvement in 

disease 
References 

Chloride 

(Clv) 

Channel 

ClvC1 CLCN1 

Predominantly 

expressed in 

Skeletal Muscles 

Multi-pass 

membrane 

protein 

ClvC Type -1. 

Homodimer. Each 

monomer consist 

of 18 helical 

segments, 

Membrane potential 

stabilization, Signal 

Transduction and 

Trans epithelial 

Transport 

Autosomal 

Recessive 

Myotonia 

Congenita 

(Koch et al., 1992)                                 

(George et al., 1993)                         

(Lorenz et al., 1994) 

ClvC2 CLCN2 Skeletal Muscle 

Multi-pass 

membrane 

protein 

ClvC Type -2. 

Homodimer. Each 

monomer consist 

of 18 helical 

segments, 

Homeostasis in 

various Cells 

Susceptibility to 

Epilepsy, 

Idiopathic 

generalized,   

Myoclonic Jerks 

(Saint-Martin et al., 

2009)          (Lamb et 

al., 1999)                

(Jeworutzki et al., 

2012) 

ClvC3 CLCN3 

Coronary 

Vascular Smooth 

Muscle Cells and 

Expressed at a 

Low level in 

Aortic 

Endothelial Cells  

Multi-pass 

membrane 

protein 

ClvC Type -3, 

Homo- or 

heterodimer. Each 

monomer consist 

of 18 helical 

segments, 

Neuronal cells to 

establish short-term 

Memory, Myoclonic 

Jerks 

Juvenile absence 

Epilepsy Type 2, 

Idiopathic 

generalized 

Epilepsy 

(Cid et al., 1995)                                      

(Lamb et al., 1999) 

ClvC6 CLCN6 

Testis, Ovary, 

Small intestine, 

Brain and 

Skeletal Muscle. 

Endosome 

membrane 
_____ 

Antiporter and 

Contributes to the 

Acidification of the 

Lysosome Lumen 

Lysosomal storage 

disease 

(Ota et al., 2004) 

(Brandt and Jentsch., 

1995) (Eggermont  

et.al., 1997) (Lamb et 

al., 1999) (Ignoul et 

al., 2007) (Poet et al., 

2006) 

ClvC7 CLCN7 

Brain, Testis, 

Muscle and 

Kidney. 

Lysosome 

membrane;    

Multi-pass 

membrane 

protein 

ClvC Type -7. 

Heteromers of α - 

(CLCN7) and β-

(OSTM1) subunits. 

Antiporter and 

Contributes to the 

Acidification of the 

Lysosome Lumen 

Infantile 

Malignant, 

Osteopetrosis Type 

2, Albers-

Schonberg, 

Disease or Marble 

Disease 

(Schroeder et al., 

2007)                            

(Graves et al., 2008)                                  

(Leisle et.al., 2011)                                

(Kornak et al., 2001) 

ClCa1 CLCA1 

Small Intestine, 

Colon, Goblet 

Cells Testis and 

Kidney 

Localized to 

Microvilli,               

Basal Crypt 

Epithelia,                      

Peripheral 

membrane 

protein; 

Extracellular side 

_____ 

Goblet cell, 

Metaplasia, Mucus 

Hyper secretion, 

Cystic Fibrosis and 

AHR 

Biomarker in 

Chronic Asthma., 

Chronic 

Obstructive 

Pulmonary Disease 

(Gruber et al., 1998)                           

(Bustin et al., 2001)                                    

(Hoshino et al., 2002)                          

(Toda et al.,2002)                                 

(Lee et al., 2005)                                      

(Gibson et al., 2005) 

ClCa2 CLCA2 

Epithelium 

including Cornea, 

Esophagus, 

Larynx, 

Single-pass type I 

membrane 

protein. Basal cell 

membrane; 

Single-pass type I 

membrane 

protein 

_____ 

May act as a Tumor 

suppressor in Breast 

and Colorectal 

Cancer, Cell 

Adhesion 

Leukemia,                                           

Breast Tumor 

Suppressor Gene 

(Gruber et al., 1999)                               

(Bustin et al., 2001)                              

(Abdel-Ghany et al., 

2001)                            

(Connon et al., 2005)                                     

(Connon et al., 2006) 

Table 4: Chloride ion channel subtypes in association with various diseases  

http://www.uniprot.org/keywords/KW-0991
http://www.uniprot.org/keywords/KW-0991
http://www.uniprot.org/uniprot/?query=author:%22Koch+M.C.%22
http://www.uniprot.org/uniprot/?query=author:%22Koch+M.C.%22
http://www.uniprot.org/uniprot/?query=author:%22Koch+M.C.%22
http://www.uniprot.org/uniprot/P51788#ref6
http://www.uniprot.org/uniprot/P51788#ref6
http://www.uniprot.org/uniprot/P51788#ref6
http://www.uniprot.org/uniprot/P51788#ref6
http://www.uniprot.org/uniprot/P51788#ref6
http://www.uniprot.org/uniprot/P51788#ref6
http://www.uniprot.org/uniprot/P51788#ref6
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3.3 Molecular Entities of Ion Channels 

3.3.1 Sodium Channel Structure 

Voltage gated sodium (Nav) channel is a complex of a 260kDa (α-subunit) and 33–36 

kDa (β1–β4 auxiliary subunits; Casadei et al., 1986). Pore forming single α-subunit 

has been associated with four β-subunits [Figure 4(a)]. The α-subunit has four 

internally repeated domains (I-IV) that mold themselves to form an ion traversing 

pore. Furthermore each domain carries six trans-membrane helical segments 

designated as S1-S6 in which uncovered segment (S4) serves as voltage sensor along 

with a loop between S5 and S6 (Noda et al., 1984; Catterall et al., 2008). Apart from 

α-subunit that has a role in pore formation; β-subunits have an important role of 

modulation in the kinetics of gated channels that cause positive or negative shift upon 

voltage sensitivity of the channel depending on its type. Pore forming α- subunit 

mutation is responsible to majority of neurological channelopathies whereas 

mutations in auxiliary subunit have been known to be responsible in few cases 

(Fontaine et al., 1990; Rojas et al., 1991; Ptacek et al., 1992). 

 

3.3.2 Potassium Channel Structure 

Potassium channels primarily consist of four α-subunits surrounding the central pore 

region frequently associated with auxiliary β-subunit [Figure 4(b)]. Each α-subunit of 

voltage gated potassium channel (Kv) comprised of six transmembrane helical 

segments (S1-S6) with a cytoplasmic N and C-termini. N-terminus have T1 domain 

(tetramerization domain) that assembles the α-subunits into functional channel 

(Zerangue et al., 2000; Bocksteins et al., 2009) while S4 segment is highly positive 

and acts as voltage sensor along with the loop between S5-S6 (Yost, CS. 1999). Pore 

region contains the signature sequence GYG which has specificity for conducting K
+
 

ions (Bocksteins et al., 2009). Auxiliary β-subunit assembles into tetrameric 

structures and interacts with α-subunit of Kv channel which provide a role in 

modulating channel gating kinetics (Gulbis et al., 1999). Apart from that an additional 

long C-terminal extension in α-subunit has found in case of calcium activated 

potassium channels whereas inward rectifier potassium channel‟s α-subunit is 

composed of only two transmembrane segments S1 and S2 which resembles with the 

S5 and S6 segments of voltage gated potassium channel (Yost, CS 1999). The β-

subunit that associate with α-subunit of calcium sensitive potassium channel has two 

transmembrane segments which increases calcium sensitivity of the channel while β-

subunit that associate with α-subunit of inward rectifier potassium channel has 

comprised of several transmembrane segments (Benatar, M. 2000). 

 

3.3.3 Calcium Channel Structure 

Calcium channel consists of a core α1 subunit and other auxiliary subunits like β, α2, δ 

and γ subunits (Arikkath and Campbell., 2003;[Figure 4(c)]. Ca
2+ 

ion conduction is 

carried out by a transmembrane protein that is α1 subunit which possesses molecular 

mass of nearly 200-260kDa. The α1-subunit consists of four transmembrane repeating 

units, where each unit is comprised of six helical segments S1-S6. S4 helix serve as 

voltage sensor while glutamate ions present in the linker region of S5 and S6 are the 

key residues responsible for providing selectivity filter role to the channel. Besides 
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this ion conduction tunnel is formed by the combination of S5 segment, linker region 

between S5-S6 and S6 segment from each of the four transmembrane units (Catterall 

and Curtis, 1987; Campbell et al., 1988; Catterall, WA. 1988; Bergsman et al., 2000). 

The β-subunit is a peripheral membrane unit of nearly 60kDa which is associated with 

cytoplasmic surface of membrane and is responsible for differences in major classes 

of calcium channel (L-, N-, P/Q-type, etc.; Takahashi et al., 1987; Bergsman et al., 

2000). Moreover α2-δ is a 175 kDa dimer which is linked by a disulfide bridge and is 

responsible for modulating channel gating kinetics (De Jongh et al., 1990; Klugbauer 

et al., 1999). Another accessory γ-subunit is known to provide the inactivating 

property in few cases (Eberst et al., 1997; Letts et al., 1998). 

 

3.3.4 Chloride Channel Structure 

Different gene families of Chloride channel have different structures for conducting 

Cl
-
 ions. 

3.3.4.1 ClC-chloride channel or voltage gated Chloride channel has a double barrel structure 

[Figure 4(d)] (Miller and White., 1984; Jentsch et al., 2002). These chloride channels 

are homodimers and a pore is formed by each subunit. Each subunit exhibits an anti-

parallel architecture. Each subunit contains 18 α-helices (Dutzler et al., 2002). 

3.3.4.2 CFTR chloride channel is comprised of two motifs. Each motif contains a 

membrane spanning domain (MSD) and nucleotide binding domain (NBD). R 

(regulatory) domain act as a connecting link between these two MSD-NBD motifs 

(Sheppard and Welsh., 1999). MSD usually comprised of six transmembrane 

segments and NBD has a role in interacting with ATP (Hydeet al., 1990). 

3.3.4.3 Ligand gated chloride channel consists of five subunits. Each subunit comprised of 

long N-terminal extracellular domain, four putative transmembrane domains (TM) 

and a short extracellular C-terminal. N-terminal domain has conserved Cys-loop 

(Maricq et al., 1991; Lindstrom et al., 1995; Vannier and Triller., 1997). 
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Figure 4: (a) Sodium channel structure: α-subunit of voltage gated sodium channel comprised of tetradomain 

where each domain consists of internally repeated transmembrane helical segments (S1–S6) that is 

associated with four auxiliary β-subunits. (b) Potassium channel structure: α-subunit comprised of 

transmembrane helical segments that is arranged in a tetramer manner and associated with auxiliary β-

subunit. (c) Calcium channel structure: In a voltage gated calcium channel α1-subunit arranges itself in a 

tetradomain manner where each domain consists of six helical transmembrane segments that is associated 

with other auxiliary subunits α2-δ (disulfide linkage), β and γ. (d) Chloride channel structure: Voltage 

gated chloride channel have double barrel antiparallel structure where each barrel comprised of 18 helical 

transmembrane segments. 

 

3.4 Ion Channels and Neurological Diseases 

Action-potential generation and synaptic transmission in the central and peripheral 

nervous system depends on the co-ordinated activity of voltage-gated ion channels. They 

are found to be present on axon hillock, node of Ranvier in case of myelinated and in 

non-myelinated neurons as well (Debanne et al., 2011). Another salient feature of these 

channels is related to its highly conserved structure during the evolutionary process. 

However, synonymous mutation sites in trans-membrane region are more conserved than 

the non-trans-membrane region but mutations in non-trans-membrane region are also 

reported to be non-neutral ultimately causing channel dysfunction (Zhou et al.,2012). 

Nonfunctional ion channels are incompatible for the cellular entities and leads to the 

generation of varieties of neurological diseases. 

 

3.4.1 Sodium Ion Channelopathies With Molecular Mechanism 

3.4.1.1 Potassium-Aggravated Myotonia (PAM) 

PAM can be categorized into three different clinical phenotypes; myotonia fluctuans, 

severe myotonia permanens and acetazolamide responsive myotonia that follow 

autosomal dominant inheritance pattern (Orrellet al.,1998) and categorized under rare 

disease by the Office of Rare Diseases (ORD), National Institute of Health (NIH). 

Myotonia implies muscle stiffness followed by its inability to relax while in PAM 

myotonia worsened in the presence of potassium ions. It begins either in childhood or 

adolescence and known to be caused due to alteration in Nav1.4 channel α-subunit as 

a result of mutations in SCN4A gene (Heine et al., 1993; Orrell et al., 1998; Vicart et 

al., 2005). Mutated channel lead to the enhanced influx of sodium ion movement in 

muscle and thus prolonged contraction has been observed in PAM. There are multiple 

factors responsible for its triggering for instance, fasting, physical exercise, voluntary 

contraction, cold weather, fever and potassium rich food (Ptacek et al.,1992). 

However, in PAM, potassium ion promotes the muscle contraction and therefore 

intake of potassium rich food is not advisable. Severity of symptoms might be 

exacerbated when cramps occur in respiratory muscle which could lead to hypoxia. 

The affected patients exhibit same phenotype with little clinical variation which has 

been confirmed by electromyography (Lerche et al., 1993). Multiple reasons that have 

been suggested for the alteration of channel function in several myotonias are reduced 

fast channel inactivation, enhanced recovery rate from fast inactivation, slowed 

deactivation or hyperpolarizing shift in steady state activation (Cummins and 

Bendahhou, 2009). The above phenomenon were also reported in a recent study of 

Nav 1.4 mutation i.e. A799S (Lion-Francois et al., 2010) in a patient suffering with 
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severe neonatal episodic laryngospasm (Simkin et al., 2011). In another study using 

patch clamp technique, it has been reported that heterozygous mutations (G1306V, 

G1306A, G1306E) in same codon of SCN4A gene, is very crucial for sodium channel 

inactivation (Lerche et al.,1993). Apart from fewer intakes of potassium rich foods, 

other treatments like physiotherapy (stretching or massaging to aid muscle relaxation) 

and certain medications such as mexiletine, carbamazepine, or acetazolamide is 

useful. 

 

3.4.1.2 Para Myotonia Congenita (PMC) 

PMC is a myopathy condition that affects the skeletal muscle contraction and tone 

that result in stiffness along with sustained weakness for hours. However, the onset of 

prolonged muscle contraction begins in infant while episodes of weakness start at 

adolescence stage. This disease is also known as Eulenberg disease and comes under 

rare congenital autosomal dominant neuromuscular disorder (Haass et al.,1981). It is 

highly cold sensitive and exacerbated due to exercise and cold temperature which 

affect upper bodily parts for instance bulbar, facial, neck and hand muscles more than 

the lower limbs (Magee, KR. 1966). Prolonged cry in such patients often lead to 

blepharospasm. Not always but frequently PMC patients are found to be accompanied 

by Hyperkalemic periodic paralysis with increased level of serum creatine kinase. 

Voltage gated sodium channel α-subunit encoding SCN4A genetic mutation is 

responsible for PMC (Kim et al., 2002; Pereon et al., 2003) where the cytoplasmic 

loop region between segment III and IV in sodium channel is hotspot for the mutation 

(McClatchey et al., 1992; Ptacek et al., 1992; Lerche et al., 1993; Ptacek et al., 1993; 

Sasaki et al., 1999; Okuda et al., 2001). It has also been studied that R1448H 

mutation causes cold induced myotonia that leads to PMC and is responsible for 

slowed inactivation and faster recovery from inactivation as compared to non-mutant 

channels (Mohammadi et al.,2003). The problem of myotonia in PAM patients can be 

relieved by administering mexiletine as a first line agent while episodic weakness can 

be treated with daranide or dianox. 

 

3.4.1.3 Hyperkalemic Periodic Paralysis (HYKPP) 

Hyperkalemic periodic paralysis is a congenital autosomal dominant genetic disorder 

(Ptacek et al.,1991) with elevated potassium level in blood that causes episodes of 

muscle weakness (Venance et al.,2006) where intake of potassium rich foods and rest 

after exercise are the most prominent factors for triggering of HYKPP. The attack 

lasts for few hours to a day where its severity is specified via membrane inexcitability 

and muscle weakness which affects shoulder, hips more often than hands and legs 

(Weber et al., 2006; Webb and Cannon, 2008). Underlying SCN4A gene mutations 

affect inner core of transmembrane segments or intracellular protein loops which 

inturn impair the anchoring site of fast inactivation particle thereby leading to 

persistent Na
+
 current through unclosed sodium channel (Bendahhou et al., 2002). 

The persistent sodium current across non inactivated channel causes depolarization of 

cell thereby inactivating other normal sodium channels due to inability of action 

potential generation (Cannon et al.,1991; Lehmann-Horn et al.,2002). Patients 

suffering from this disease, report abnormal muscle biopsy with high level of creatine 



 
 

[18] 

kinase in the serum and permanent muscle weakness with aging. The treatment 

focuses on relieving symptoms and preventing further attacks which could be 

accomplished with the help of low potassium-high carbohydrate meal and medication 

of acetazolamide and hydrochlorothiazide drugs which are effective with minimal 

risks (McArdle, B. 1956; Han et al.,2011). 

 

3.4.1.4 Primary Erythro-Melalgia (PEM) 

Primary erythro-melalgia is an autosomal dominant, peripheral nerve pain disorder 

which can be characterized by severe burning and bilateral pain with swelling in 

extremities of the body especially in hands and feet (Dib-Hajj et al., 2005; Waxman 

and Dib-Hajj., 2005a & b). Due to micro-vascular arteriovenous shunting in PEM 

patients, vasomotor changes such as erythema and oedema takes place, resulting in 

the pain sensation around affected area (Mork et al., 2000). The episodic attacks are 

found to be triggered or aggravated by increased body temperature, spicy food and 

exercise while cold environment relieves the pain (Michiels et al., 2005). Mutations in 

SCN9A gene is responsible for pathogenesis of PEM that causes alteration in Nav1.7 

α-subunit and leads to increased action potential (Cummins et al.,2004) thereby 

causing prolonged transmission of pain signals (Yang et al.,2004; Dib-Hajj et al., 

2005; Drenthet al.,2005; Dib-Hajj et al.,2007). The patch clamp analysis of mutated 

sodium channel revealed that there is a hyperpolarization shift toward activation of 

the channel and slowed inactivation kinetics that makes opening of channel easier and 

prolonged (Cummins et al.,2004). Various treatment modalities have been tried viz. 

aspirin, cyclosporine, beta blockers, calcium channel antagonists but patient should 

take preventive measures along with medication which include sodium channel 

blocker like ranolazine and mexiletine with highly promising results (Iqbal et al., 

2009). 

 

3.4.1.5 Paroxysmal Extreme Pain Disorder (PEPD) 

PEPD is an autosomal dominant peripheral neuropathy that was earlier known as 

familial rectal pain and is characterized by excruciating pain and flushing in the 

submandibular, ocular and rectal region (Fertleman and Ferrie., 2006). Recurrent pain 

and skin flushing begins in childhood and pain progresses to ocular and mandibular 

region with age. Although PEPD is a lifelong disorder but the frequency of attack 

generally decreases with age. Moreover it has been observed that attacks are provoked 

by physical trigger like crying, eating and defecation (Pett et al., 2013). PEPD is 

caused due to functional gain mutation in SCN9A gene (Choi et al., 2011; Estacion et 

al., 2011; Fischer and Waxman, 2010) that means mutated channel results in 

sustained flow of sodium ion and hence maintaining action potential which prolongs 

transmission of pain signals. It has been reported that mutated channel lowers the 

threshold for single action potential in dorsal root ganglion neurons that results into 

increased number of action potential in response to a supra-threshold stimuli which 

leads to elevated pain signal transmission (Dib-Hajj et al., 2008). To relieve the pain 

it is important to take preventive measure from triggering factor like managing 

constipation and use of anticonvulsants for instance, carbamazepine has been found to 

be very effective in many patients (Theile and Cummins, 2011).  
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3.4.1.6 Congenital Insensitivity to Pain (CIP) 

CIP is an autosomal recessive peripheral sensory neuropathy characterized by 

complete loss of pain sensation in response to injuries (Danziger and Willer., 2009) 

and also known as congenital analgia or congenital analgesia, congenital asymbolia 

and congenital indifference to pain (Dyck et al.,1983). Congenital insensitivity to pain 

has been classified to the family of Hereditary Sensory and Autonomic Neuropathies 

(HSAN) and it has two common occurring forms that are congenital insensitivity to 

pain (CIP) and congenital insensitivity to pain with anhidrosis (CIPA) which has been 

classified as HSAN-V and HSAN-IV respectively. CIP has been observed to be 

prevalent in children born to consanguineous marriages and they generally suffers 

from accumulated wounds due to repeated injuries as a consequence of imperceptions 

of pain sensation (Protheroe, SM. 1991). Earlier, it was reported that CIP patients 

possess only nonsense mutations in the SCN9A gene (Dabby, R. 2012; Cox et al., 

2006) which were responsible for truncated α-subunit of sodium channel (Nav1.7) but 

recently missense mutation (R896Q), frame shift deletion mutation (ΔR1370-L1374) 

and splicing mutation (IVS8-2A>G) have also been observed (Cox et al.,2010; Klein 

et al.,2013). Recent mutation were reported to be associated with pore regions thereby 

causing defect in the ion conduction through Nav1.7 channel present on nociceptors 

that lead to complete loss of pain signal transmission from site of injury to brain 

(Fischer and Waxman, 2010; Lampert et al.,2010; Goldberg et al.,2007). CIP patients 

not only exhibit loss of pain sensation but sometimes smell sensation as well because 

Nav1.7 channel is also present on olfactory receptor neurons that can lead to anosmia 

(Weiss et al., 2011). Convincing treatment for this disease is remain unclear but case 

reports showed promising result with the use of naloxone and naltrexone in reversing 

the effect of analgesia (Protheroe, SM. 1991). 

 

3.4.1.7 Generalized Epilepsy with Febrile Seizures (GEFS) 

Epilepsy is a chronic neurological disorder that can be characterized with the 

recurrent episodes of convulsions and sensory disturbances due to abnormal electrical 

signals in the brain. Generalized epilepsy with febrile seizures (GEFS) is a recently 

described autosomal dominant epileptic syndrome where convulsions are associated 

with the elevated temperature of the body (Chang and Lowenstein, 2003). It begins in 

childhood (1month to 1 year) and may last upto the age of 6 years or sometimes 

continues till the onset of puberty. GEFS patient exhibit a variety of clinical 

phenotypes that are typical febrile seizures and other seizure types such as tonic-

clonic, myoclonic, myoclonic-astatic, absences, or atonic seizures (Scheffer and 

Berkovic, 1997). Simple febrile seizure generally lasts for 15 minutes while complex 

febrile seizure exhibit episodes that lasts more than 15 minutes and it has also been 

observed that epilepsies become more prominent in aged people (Brodie et al.,2009). 

In most of the cases majorly mutations were found in SCN1A, SCN1B gene and γ2 

subunit of GABAA receptors (Meisleret al.,2010; Wallaceet al.,1998; Wallaceet 

al.,2002; Audenaertet al., 2003; Meisler and Kearney, 2005; Fujiwara, T. 2006; Kang 

et al.,2006) where few mutations in Nav1.1 causes mild epilepsies but several 

mutations in Nav1.1 channel leads to severe epilepsies (Catterallet al., 2010).The 

resulting seizures are found to be familial in few cases and sporadic in other cases that 
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imply environmental factors like elevated temperature also play a contributing role. 

Hyperthermia itself is capable of generating seizures while resulting mutations are 

known to aggravate the susceptibility of developing a seizure with fever (Dube et al., 

2009). Generally regular medicines are not prescribed for such patients but for severe 

cases epileptic medicines like sodium valproate, ethosuximide, clobazam, 

carbamazepine and phenytoin drugs are helpful in controlling epilepsies (Tate et 

al.,2005; 2006; Scheffer et al.,2007; Groot et al.,2012). 

 

3.4.2 Potassium Ion Channelopathies With Molecular Mechanism 

3.4.2.1 Paroxysmal Dyskinesia 

Paroxysmal dyskinesia is an autosomal dominant rare episodic movement disorder 

that exhibit abnormal involuntary movements including chorea, dystonia only during 

attacks (Demirkiran and Jankovic., 1995). It has been classified into four different 

types on the basis of triggering factors responsible for the episodes that are (i) 

Paroxysmal kinesigenic dyskinesias (PKD) which is known to be triggered by sudden 

voluntary movements and unexpected stimulus, (ii) Paroxysmal non-kinesigenic 

dyskinesias (PNKD) that can be triggered by factors other than movement like stress, 

fatigue and alcohol consumption, (iii) Paroxysmal exercise (exertion) induced 

dyskinesias (PED) which could be triggered by prolonged exercise and lastly (iv) 

Paroxysmal hypnogenic dyskinesias (PHD) in which attack can be triggered during 

Non-rapid eye movement sleep (Unterberger and Trinka, 2008). Increased studies 

revealed that familial PKD can be caused by channel mutations and it has been 

identified that coexistence of generalized epilepsy and paroxysmal dyskinesiais 

caused by mutations in KCNMA1 gene. The resulting mutation in this gene promotes 

excitability of neurons by inducing rapid repolarization of action potential which 

allows neurons to conduct at a faster rate thereby causing recurrent attacks (Du et al., 

2005). Moreover recent studies identified that PKD is linked to pericentromeric 

region of chromosome 16 in a number of families and PNKD is caused due to 

mutation in myofibrillogenesis regulator 1 gene (MR-1) on Chromosome 2 while 

PED is caused due to mutation in glucose transporter gene (GLUT1; Mehta et 

al.,2009).There is no cure for paroxysmal dyskinesia but symptoms can be relieved to 

some extent inconsistently with the help of anticonvulsants drugs like acetazolamide, 

anticholinergics, levodopa and tetrabenazine along with avoiding the precipitating 

events like prolonged exercise(Mehta et al.,2009; van Rootselaar et al.,2009). 

 

3.4.2.2 Benign Familial Neonatal Seizure (BFNS) 

BFNS is an autosomal dominant inherited form of epilepsy which has been 

characterized by recurrent seizures in new born babies that causes muscle stiffness, 

convulsions and loss of consciousness (Biervertet al., 1998). In majority of the 

suffering neonates seizures began within the first week of life and disappeared 

spontaneously within a few months but some patients showed dysfunctional channel 

even in adulthood (Tomlinson et al., 2012). Multiple mutations have been reported in 

KCNQ2 and KCNQ3 gene in the patients suffering with BFNS thereby generating 

altered M-current (Singh et al., 1998; Castaldo et al., 2002, Singh et al., 2003). 

However, normal M-current generated by Kv7.2 and Kv 7.3potassium channel 
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repolarize the cell and hence ensures the inactivation of neurons while mutated 

channel generates reduced or altered M-current that causes over-activation of neurons 

which leads to the seizure development in brain (Wang et al.,1998; Soldovieri et 

al.,2007; Volkers et al.,2009). Anticonvulsant therapy has been widely used where 

phenobarbital is effective in majority of individuals while some individual may 

require other epileptic drug like carbamazepine, phenytoin, valproic acid, 

clonazepam, midazolam or vigabatrin but treatment has not had a consistent effect on 

the duration of seizures (Soldovieri et al.,2007). 

 

3.4.2.3 Andersen Tawil Syndrome (ATS) 

ATS is an autosomal dominant genetic disorder that has been characterized by 

periodic paralysis, ventricular arrhythmias and developmental abnormalities typically 

affect head, face and limbs(Tawil et al.,1994). Based on the genetic causes ATS has 

been classified into two types where mutated KCNJ2 gene (Inward rectifier potassium 

channel Kir2.1) was responsible for ATS type 1 while genetic cause for ATS type-2 is 

still unknown (Plaster et al.,2001). Its onset generally takes place around 20 years and 

70% of KCNJ2 mutations exhibit prolonged QT interval thereby also classified as 

Long QT syndrome 7 (Tristani-Firouzi et al.,2002) but a distinctive electrocardiogram 

have been observed in ATS1 patients with prolonged terminal T wave and prominent 

enlarged U waves (Zhang et al.,2005). Altered Kir2.1 inward rectifier potassium 

channel disrupts PIP2 (phosphatidylinositol-4,5-bisphosphate) binding which has 

been responsible for inactivating channel thereby leading to sustained action potential 

and hence causes periodic paralysis and arrhythmias in skeletal and cardiac muscles 

(Lopes et al.,2002, Seebohm et al.,2012). Treatment of ATS patients require closely 

coordinated expertise between a neuromuscular specialist and a cardiologist. However 

it has been observed that drugs may have beneficial effect on one tissue while 

detrimental on other but amiodarone and acetazolamide are effective in many cases 

(Junker et al.,2002). 

 

3.4.2.4 SeSAME and EAST Syndrome 

SeSAME/EAST is an autosomal recessive disorder whose nomenclature is based on 

the characteristic symptoms they exhibit, for instance SeSAME patients are affected 

with seizures, sensorineural deafness, ataxia, mental retardation and electrolytic 

imbalance (hypokalemia, metabolic alkalosis, and hypomagnesaemia; Scholl et 

al.,2009) whereas EAST patients possesses typical symptoms that are epilepsy, ataxia, 

sensorineural deafness and tubulopathy (Bockenhauer et al.,2009). Both of them are 

known to be caused due to mutations in KCNJ10 gene that codes for ATP-sensitive 

inward rectifier potassium channel 10 (Kir 4.1 channel; Freudenthal et al.,2011). It has 

been reported that Kir 4.1 channel is expressed in the brain, inner ear, retina, and 

kidney thereby imparting the functional loss in these organs with mutations. In brain it 

contributes potassium buffering for glial cells, controls neuronal excitability and 

maintains systemic potassium ion homeostasis while in kidney it maintains 

electrolytic balance across distal convoluted tubule (Williams et al., 2010). Multiple 

mutations in KCNJ10 gene has been reported, that alters inactivation of Kir 4.1 

channel via loosing affinity towards channel modulator like PIP2 that results in 
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reduced channel activity with prominent symptoms (Sala-Rabanal et al.,2010). They 

are lifelong disorders and there is no current treatment that can cure the condition but 

we can use anti-epileptic medicines to relieve symptoms under the guidance of a 

nephrologist. 

 

3.4.2.5 Jervell and Lange-Nielson Syndrome (J-LN) 

J-LN is an autosomal recessive most severe variant of long QT syndrome that has 

been characterized by congenital sensorineural hearing loss and cardiac arrhythmia. It 

begins in childhood and patient suffers with deafness, recurrent fainting, ventricular 

arrhythmia and sometimes sudden death(Schwartz et al.,2006).Voltage-dependent 

slowly activating delayed rectifier potassium channel coding KCNQ1 (α-subunit) and 

KCNE1 (β-subunit) genetic mutations were reported in the J-LN patients that are 

responsible for potassium ion imbalance in the inner ear cochlear hair cells and 

cardiomyocytes (Chen et al., 1999; Tyson et al.,2000). For normal hearing, a 

continuous flow of endolymph is required into the cochlear hair cells that are known 

to maintain the voltage gradient for nerve signal transmission (Lasak et al., 2014), 

thus mutated channel disrupts the voltage gradient required for transmitting signal 

through auditory nerves thereby causing deafness. On the other hand, mutated 

channels in cardiomyocytes exhibit delayed repolarization thereby causing prolonged 

QT wave responsible for cardiac arrhythmia (Lehnart et al., 2007). There is no cure 

for J-LN but as a relieving therapy beta blockers are being used to keep heart beat 

under control with a limited efficacy. Moreover automatic defibrillator and cochlear 

implantation techniques are also being used for treating cardiac arrhythmia and 

hearing loss respectively in case medication fails but patients are highly prone to 

sudden death (Rocha et al., 2013; Broomfield et al., 2012). 

 

3.4.2.6 Cardiac Arrhythmia 

Cardiac arrhythmia is an abnormal heartbeat related disorder that can be characterized 

by dizziness, palpitations, syncope, breathlessness and angina. Arrhythmias can be 

classified on the basis of two factors that are their origin (atria or ventricle) and heart 

rate where heartbeat might be very slow (bradycardia), very fast (tachycardia), quite 

early (premature contraction) and quite irregular (fibrillation; Fenton et al.,2008). 

Voltage gated ion channels are responsible for the electrical conductivity in the heart 

and it has been reported that defects in expression and function of ion channels are 

responsible for certain types of arrhythmias (Kirsch, GE. 1999).In most of the studies 

KCNE1, KCNE2, KCNH2, KCNQ1, KCNJ2 and SCN5A genetic mutations were 

identified in the patients suffering from various kinds of cardiac arrhythmia (Schott et 

al.,1999; Tsuboi and Antzelevitch., 2006; Moss et al.,2007; Tsai et al.,2008). These 

genetic mutations are responsible for altering the inward rectifying voltage gated 

potassium channel and voltage gated sodium channel respectively that leads to 

various phenotypic consequences of these mutations like Brugada syndrome (BrS, a 

form of idiopathic ventricular fibrillation), Lev-Lenegre syndrome (familial 

progressive conduction disease), Long QT syndrome (LQTS), Short QT syndrome 

(SQTS) and Familial atrial fibrillation (AF) (Campuzano et al.,2010). There are three 

mechanisms that have been proposed by different research groups for explaining the 
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pathogenesis of cardiac arrhythmias (Gaztanaga et al.,2012) that are (i) Automaticity; 

where enhanced or suppressed firing of impulse takes place by cardiac muscle cells 

(Weller and Noone., 1989), (ii) triggered activity; which involves impulse initiation 

due to the membrane potential oscillations occurring just after an action potential that 

results in abnormal transmission of electrical impulse in the heart cell thereby causing 

aberrant cardiac rhythm. This mechanism has been widely accepted to be related with 

the ion channel mutations (Charpentier et al.,1991) and (iii) Re-entry; it takes place 

when isolated fibers have not been activated during initial wave of depolarization but 

get excited before dying of previous impulse which in turn can re-excite those area 

which have already recovered from initial depolarization (Zipes, DP. 2003). Beta 

blockers can relieve the symptoms to some extent depending on the severity of 

arrhythmia.  

 

3.4.3 Calcium Ion Channelopathies With Molecular Mechanism 

3.4.3.1 Spino-Cerebellar Ataxia type-6 (SCA6) 

There are more than 25 types of spino-cerebellar ataxias that are known to affect 

cerebellum, brainstem and other parts of central nervous system but among them 

SCA6 is one of the most common occurring that affects only cerebellum. SCA6 is an 

autosomal dominant progressively degenerative pure cerebellar ataxia that is 

characterized by poor coordination of hands, speech, eye movements and progressive 

loss of physical control (Paulson, HL. 2009). CACNA1A genetic mutation has been 

reported (Rajakulendran et al.,2010) where expansion of CAG repeats were found at 

the 3‟ region that generates poly glutamine tract thereby producing abnormally 

extended α1 subunit of calcium channel (Ishiguro et al.,2010). These poly glutamine 

residues have been responsible for abnormal aggregation of calcium channel protein 

thereby affecting calcium ion transport which imparts toxicity to the neurons for 

instance altered release of neurotransmitters in the brain eventually leads to the 

neuronal death (Purkinje cells; Kordasiewicz and Gomez. 2007). However very 

limited clinical trials have been done for disease prevention but a recent study showed 

the beneficial effect of lithium in treating SCA1 (Watase et al.,2007). Apart from that 

acetazolamine can be used to eliminate episodes of ataxia and RNA antisense 

approach can also be tried to decrease the expression of mutant gene product (Xia et 

al., 2004). 

 

3.4.3.2 Hypokalemic Periodic Paralysis (HypoPP) 

Hypokalemic periodic paralysis is an autosomal dominant paralytic disorder that can 

be characterized by recurrent attacks of extreme muscle weakness associated with low 

potassium levels in serum. In general, the attacks last for several hours but sometimes 

it last for several days that can be precipitated by a variety of factors for instance, 

sodium-rich food, carbohydrate load, cold temperature, infection, stress, anesthesia 

and rest after exercise (Sternberg et al.,2002). Major impact (upto 60%) in the 

pathogenesis of Hypo PP is contributed by CACNA1S genetic mutations that can be 

followed by mutations in SCN4A and KCNE3 gene (Jurkat-Rott et al., 1994; Abbott 

et al., 2001; Sternberg et al., 2001; Matthews et al., 2009). Most of the underlying 

mutations in sodium channel were reported to nullify the outermost positively charged 
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arginine or lysine residues of a voltage sensor, for instance, multiple mutations in 

Nav1.4 channel were present in the voltage sensor region (S4) of domain I, II and III 

(Jurkat-Rott et al.,2000).The homologous location of S4 missense mutations in Cav1.1 

channel associated with HypoPP has led to the conclusion that abnormal gating pore 

current is the common underlying mechanism of mutated sodium and calcium channel 

for the progression of HypoPP (Wu et al.,2012).However, the known mutations affect 

the voltage sensing capability of these channels which are responsible for the 

deregulated flow of Ca
2+ 

and Na
+ 

ions into the muscles that cause reduced 

contractibility of muscles and ultimately muscle weakness (Sokolov et al.,2007). 

However it is quite difficult to treat HypoPP but we can prevent the attacks by 

regulating sodium and potassium intake. Moreover acetazolamide has been found to 

be very effective in preventing paralytic attacks among 50% of the cases (Matthews et 

al.,2011). 

 

3.4.3.3 Episodic Ataxia (EA) 

Episodic ataxia is a group of related autosomal dominant disorders that have been 

characterized by episodes of impaired, uncoordinated bodily movements that can 

eventually cause muscle stiffness and cramps (Jen et al.,2007). These symptoms are 

generally begins in adolescence and period of attacks usually last from hours to days 

depending on its severity. EA has been classified into seven types i.e. EA-1 to EA-7 

based on their various characteristics which include sign, symptoms, attacking period 

and onset age, moreover out of these seven types only episodic ataxia type 2 and 5 are 

known to be associated with calcium channel mutations. It have been reported that 

KCNA1, CACNA1A, CACNB4 and SLC1A3 genetic mutations are responsible for 

the occurrence of episodic ataxia type 1, 2, 5 and 6 respectively while genetic cause 

for EA-3,4 and 7 are still unknown(Adelman et al., 1995; Escayg et al.,2000; Imbrici 

et al., 2005; Jen et al.,2005). The underlying CACNA1A and CACNB4 genetic 

mutations have been responsible for down regulating the Ca
2+

 transport that prevents 

the release of neurotransmitters into the brain thereby disrupting the signals (Wan et 

al., 2005). Similarly decreased transport of K
+
 ions due to KCNA1 genetic mutations 

add over excitability to the neurons (Maylie et al.,2002) while SLC1A3 genetic 

mutant glutamate transporter loses its ability to remove glutamate from synaptic 

region which further provides excitation to the neurons. Thus altered channels disrupt 

the normal signaling that triggers episodes of ataxia. The frequency and severity of 

attacks can be relieved by using antiepileptic drugs and carbonic anhydrase inhibitors 

for instance carbamazepine, valproic acid and acetazolamide are found to be effective 

in episodic ataxia type-1 (Eunson et al., 2000; Klein et al., 2004). 

 

3.4.3.4 Familial Hemiplegic Migraine (FHM) 

Familial hemiplegic migraine is an autosomal dominant familial migraine that usually 

occurs in a particular part of the head preceded by neurological symptoms like double 

vision, blind spot or flashing lights (Jen, JC. 2001). FHM has been classified into 

three forms on the basis of clinical or descriptive criteria and can be triggered by 

emotional stress, certain foods and minor head injury. It has been reported that 

mutations in CACNA1A, ATP1A2 and SCN1A genes are the prevalent causes for 
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FHM type-1, FHM type-2 and FHM type-3 respectively (Ophoff et al.,1996; De 

Fusco et al.,2003; Dichgans et al.,2005a). Mutated CNCNA1A gene that encode 

Cav2.1 channel get activated more easily than usual thereby leading to more influx of 

Ca
2+

 ions which in turn promote excessive release of neurotransmitters which impart 

strong signals for severe headache and lead to FHM type-1 (Dichgans et al.,2005b). 

While in case of FHM type-2, mutated ATP1A2 gene forms either altered or truncated 

Na
+
/K

+
 ATPase protein that prevent the flow of K

+
 ions out of the neurons thereby 

causing sustained release of neurotransmitters at the neuronal junction and thus 

prolongs excitation of pain signals (De Fusco et al.,2003). Moreover altered Nav1.1 

channel encoded by mutated SCN1A gene has also reported to exacerbate headache in 

a similar fashion as were in case of mutated calcium channel. Thus resulted mutations 

in these genes causes FHM due to increased release of neurotransmitters in response 

to imbalanced ion flow (Pietrobon, D. 2007). Treatment of hemiplegic migraine is 

quite challenging but apart from anecdotal; verapamil and acetazolamide have shown 

significant effect in treating FHM (Black, DF. 2006). 

 

3.4.4 Chloride Ion Channelopathies With Molecular Mechanism 

3.4.4.1 Myotonia Congenita 

Myotonia congenita is a congenital myopathy that can be characterized by muscle 

stiffness and their inability to relax after contraction which affects the bodily 

movements. The myotonic attacks may last from seconds to minutes depending on the 

severity of disease that could range from slightly uncomfortable to complete 

disability. Cold, sudden pitched sound can trigger the attacks and can affect various 

body parts for instance hands, legs, shoulders, hips, face, feet, tongue and eyelids 

(Colding-Jorgensen, E. 2005). Myotonia congenita can be classified into two forms of 

congenital myopathy based on the inheritance pattern and severity of symptoms, for 

instance Thomsen‟s diseases and Becker‟s disease that have been inherited in an 

autosomal dominant and autosomal recessive pattern respectively. It has been 

reported that mutations in the same ClCN1 gene have been responsible for the 

occurrence of both Thomsen‟s and Becker‟s disease (Zhang et al., 1996; Sun et al., 

2001; Pusch, M. 2002). Mutated ClCN1 gene disrupts ClC-1 chloride channel thereby 

interrupting the normal process of repolarization. Electrophysiological studies in a 

recessive CLCN1 patient suggested that prolonged repolarization takes place due to 

reduced inflow of chloride ions into the skeletal muscles thereby causing prolonged 

muscle contraction in the myotonial patients (Lucchiari et al.,2013). No perfect cure 

has been reported till now but patients usually learn to adopt preventive measures and 

can use medicines, for instance mexiletine, quinine, procanimide, tegretol, and 

phenytoin to relieve the symptoms (Fazio, B. 1988; Trip et al., 2006). 

 

3.4.4.2 Thomsen‟s Disease- it is an autosomal dominant muscle disorder characterized by 

muscle stiffness and relaxation inability after contraction (Sun et al.,2001). It was first 

identified by Thomsen in his own family and he himself was also suffering from the 

same thus named as Thomsen‟s disease. It exhibits the above mentioned symptoms 

but with less severity than Becker‟s disease with carbamazepine as a potential drug 
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used for relieving against Thomsen‟s disease (Lyons et al., 2010; Savitha et al., 

2006). 

 

3.4.4.3 Becker‟s Disease-It is a more common and severe form of myotonia congenita with 

autosomal recessive pattern of inheritance (Harper and Johnston., 1972) that follow 

the above mentioned molecular mechanism. Along with the later onset most of the 

affected persons feel transient muscle weakness during muscle exertion or after rest 

and have been encountered by the muscular hypertrophy especially in the region of 

legs and buttocks while symptoms can be relieved with the use of sodium channel 

blocker (Kuhn, E. 1993). 

 

The above discussed diseases have been defined at either molecular or genetic levels 

[Figure 5] that include mutations in the ion channel present in the tissues such as skeletal 

muscle, brain and heart (Koopmann et al., 2009) that have been summarized in Table 5. 

However, disease phenotypes are directly related to the extent of functional deficit in ion 

channels. 

 

Figure 5: (a) Sodium ion channelopathies: Mutated Nav1.4 alpha subunit has lead to Potassium aggravated 

myotonia (PAM) and Hyperkalemic periodic paralysis while mutations in Nav 1.7 alpha subunit have 

caused Primary erythro-melalgia (PEM), congenital insensitivity to pain (CIP) and Paroxysmal extreme 

pain disorder (PEPD). Moreover, Nav1.1 alpha and Nav beta subunit mutations known to cause Generalized 

epilepsy with febrile seizure whereas Nav 1.4 cytoplasmic loop mutations between domain III and IV have 

caused Paramyotonia congenita (PMC). (b) Potassium ion channelopathies: Mutated Kv7.2 and 7.3 

channels resulted into benign familial neonatal seizure and mutated Kv 7.1 channel lead to Jervell and 

Lange Nielsen syndrome. Moreover Kca channel mutation is responsible for Paroxysmal dyskinesia and 
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altered Kv 1.1, Kv 7.1 and Kir 2.1 channel cause Cardiac arrhythmias. Apart from this Kir 2.1 channel 

mutation lead to Andersen Tawil Syndrome while Kir 1.2 and Kir 4.1 channel mutations lead to SeSAME 

and EAST syndrome. (c) Calcium ion channelopathies: Mutated Cav1.1 channel is known to cause 

Hypokalemic periodic paralysis (Hypo PP) and Cav2.1 channel mutations lead to Spino cerebellar ataxia 

type-6, Familial hemiplegic migraine type-1 (FHM-1) and episodic ataxia type-2 while Calcium channel 

beta subunit CAB4 mutations caused Episodic ataxia type-5. (d) Chloride ion channelopathies: Mutated 

CLC-1 channel cause Myotonia congenita that can be categorized into Thomsen‟s and Becker‟s disease 

based on symptoms. 

 
Tissue 

affected 

Ion 

channels 
Gene Channel subunit 

Disease 

caused 
Symptoms Mechanism References 

Skeletal 

muscle 

Cl 

Channel 
ClCN1 

ClC-1 (Chloride 

channel protein 1) 

Myotonia 

congenita 

Muscle stiffness, 

inability to relax after 

contraction 

Mutated channel either become nonfunctional or 

open at a more depolarized potential thus losses 

chloride conductance thereby increasing the time 

taken for repolarization due to which muscle hyper 

excitability takes place thus causing myotonia 

(Lee et al., 2013) 

(Duran et al., 

2010) (Lossin and 

George., 2008) 

(Koch et al., 

1992) 

Thomsen‟s 

disease 

Proximal muscle 

weakness, myalgia and  

muscular hypertrophy 

Mutated channels results in moderate decrease in 

chloride conduction and following the above 

mentioned molecular mechanism it causes mild 

symptoms 

(Wu et al., 2002)  

(Kubisch et al., 

1998)    (Koch et 

al. 1992) 

Becker‟s 

disease 

Muscle hypertrophy and 

distal muscle weakness 

Mutated channel proteins have not get expressed to 

the optimum level thereby causing great reduction in 

chloride conduction and thus causing myotonia by 

following the above mentioned mechanism 

(Graves and 

Hanna., 2005) 

(Wu et al., 2002) 

(Kubisch et al., 

1998) 

Nav 

Channel 
SCN4A 

Nav1.4 (Sodium 

channel protein 

type 4 subunit 

alpha) 

Potassium-

aggravated 

myotonia 

(PAM) 

Sustained muscle 

tension and inability to 

relax muscle 

The altered channels up regulate the sodium ion 

influx into the skeletal muscles thereby triggering 

prolonged muscle contractions due to one or more of 

the following reasons for instance reduced fast 

channel inactivation, enhanced recovery rate from 

fast inactivation, slowed deactivation or 

hyperpolarizing shift in steady state activation 

(Orrell et al., 

1998) (Cummins 

and Bendahhou., 

2009) (Vicart et 

al., 2005) 

Para-

myotonia 

congenita 

(PMC) 

Cold sensitive myotonia 

and episodic muscular 

weakness 

Mutated sodium channels exhibit slowed inactivation 

and faster recovery from inactivation thus causing 

hyper excitability of muscles (myotonia) and 

sometimes inexcitability that causes episodic 

weakness in muscles 

(Heine et al., 

1993)            

(McClatchey et 

al.,1992)                    

(Ptacek et al., 

1992)           

(Tamaoaka, A. 

2003)           

(Vicart et al., 

2005) 

Hyper-

kalemic 

periodic 

paralysis 

(hyperKPP) 

Extreme muscle 

weakness and increased 

level of potassium 

during attacks 

Due to altered anchoring site of fast inactivation 

particle in mutated channel, persistent sodium current 

takes place that causes depolarization of the cell 

thereby inactivating other normal sodium channels 

due to the absence of action potential 

(Bendahhou et al., 

2002)                       

(Ptacek et al., 

1991)            

(Rojas et al., 

1991) 

Nav & Cav 

Channel 

SCN4A 

and 

CACNA1

S 

NaV1.4 (Sodium 

channel protein 

type 4 subunit 

alpha) CaV1.1 

(Voltage-dependent 

L-type calcium 

channel subunit 

alpha-1S) 

Hypo-

kalemic 

periodic 

paralysis 

(hypoKPP) 

Extreme muscle 

weakness associated 

with low potassium level 

in serum 

Mutated sodium and calcium channels are 

responsible for abnormal gating pore currents i.e. 

shift in the resting membrane potential to a more 

depolarized second stable state (paradoxical 

depolarization). Moreover due to their affected 

voltage sensing capability deregulated flow of Ca2+ 

and Na+ ions into the muscles take place thereby 

causing reduced contractibility of muscles and 

ultimately muscle weakness 

(Sokolov et al., 

2010)    (Jurkat-

Rott et al., 2009)                       

(Sokolov et al., 

2007)            

(Bulman et al., 

1999)            

(Jurkat- Rott et 

al., 1994)                     

(Ptacek et al., 

1994) 

Peri-

pheral 

Nerve 

Nav 

Channel 
SCN9A 

Nav1.7 (Sodium 

channel protein 

type 9 subunit 

alpha) 

Primary 

erythro-

melalgia 

Burning pain, flushing 

and swelling of the feet, 

hands and sometimes 

other areas 

Mutated sodium channels exhibit hyperpolarizing 

shift toward activation and slowed inactivation 

kinetics that makes opening of channel easier and 

prolonged. Thus increased inflow of sodium ions 

enhances transmission of pain signals, leading to the 

signs and symptoms of erythro-melalgia 

(Dib-Hajj et al., 

2005) (Waxman et 

al., 2005a & b) 

(Estacion et al., 

2011) 

Paroxysmal 

extreme pain 

disorder 

(PEPD) 

Burning pain and 

flushing in the sub-

mandibular, ocular, and 

rectal areas 

Mutated sodium channels that expressed in 

nociceptive dorsal root ganglion and sympathetic 

ganglion neurons cannot be able to close as quickly 

as usual leading to prolonged transmission of pain 

signals. Moreover we can say that gain of function 

mutations result in increased action potential duration 

and therefore more synaptic transmission thus 

causing heightened pain perception 

(Fertleman et al., 

2007)               

(Lampert et al., 

2010) 

Congenital 

in-sensitivity 

to pain (CIP) 

Complete loss of pain 

sensation 

Mutated channel exhibit complete functional loss that 

leads to an inability to form action potentials and 

therefore loss of pain sensation 

(Cox et al., 2006) 

(Goldberg et al.,  

2007) 
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Central 

Nervous 

System 

Kv, Cav,  
Channel 

and 

Glutamate 

transporte

r 

KCNA1, 

CACNA1

A 

CACNB4 

SLC1A3 

Kv1.1 (Potassium 

channel sub-family 

A member 1) 

Cav2.1 (Calcium 

channel Subunit 

alpha), Sodium-

dependent 

glutamate/ aspartate 

transporter1 

Episodic 

ataxias 

Problems with 

movements, poor 

coordination and 

balance 

These genes alter the transport of ions and glutamate 

into the brain that causes certain neurons to become 

overexcited and disrupts normal communication 

between these cells. Moreover it also results in 

decreased current often due to protein instability. 

Furthermore potassium channels are vital in down 

stroke of action potential and its mutation cause 

prolonged action potential and altered excitability of 

different neuronal population 

(Jen et al.,  2007)     

(Wan et al., 2005) 

(Browne et al., 

1994)  (Zerr et al., 

1998) 

Kv 

Channel 

KCNMA

1 

Kca (Potassium 

large conductance 

calcium-activated 

channel, subfamily 

M, alpha member 

1) 

Paroxysmal 

dyskinesias 

Sudden, unpredictable 

disabling attacks of 

involuntary movements 

Mutated channels formed due to altered KCNMA1 

gene promotes excitability of neurons by inducing 

rapid repolarization of action potential that allows 

neurons to conduct at a faster rate thereby causing 

recurrent attacks 

(Lee and Cui., 

2009)            (Du 

et al., 2005) 

KCNQ2 

KCNQ3 

Kv7.2 & Kv7.3 

(Potassium voltage-

gated channel 

subfamily KQT 

member 2 & 3) 

Benign 

familial 

neonatal 

seizures 

(BFNS) 

Recurrent seizures in 

new-born babies, muscle 

rigidity, convulsions, 

and loss of 

consciousness 

Channels coded by KCNQ2 and KCNQ3 genes 

transmit M-currents that ensure normal shutting of 

active neuron, while mutated genes result in reduced 

or altered M-current which cause excessive 

excitability of neurons that results in the development 

of seizures in brain 

(Biervert et 

al.,1998) (Singh et 

al., 1998) 

(Charlier et al., 

1998)  (Castaldo 

et al., 2002) 

Nav 

Channel 

SCN1A 

SCN1B 

NaV1.1 (Sodium 

channel type 1 

subunit alpha) 

Generalized 

epilepsy with 

febrile 

seizures 

(GEFS) 

It is characterized by a 

long term recurring 

seizures. 

However, it arises from many causes that include 

metabolic brain disorders, abnormalities of cortical 

development, brain trauma or structural lesions of the 

brain (brain tumours), while mutated channel is also 

one of the prominent factor that causes over 

excitation of neurons and ultimately epilepsy with 

seizures 

(Catterall et al., 

2010) (Tan et al.,  

2012)           (Xu 

et al., 2012) 

Cav & Nav 

Channels 

CACNA1

A          

ATP1A2               

SCN1A 

Cav2.1 (Calcium 

channel Subunit 

alpha)            

ATP1A2 (ATPase 

subunit alpha-2)     

NaV1.1 (Sodium 

channel type 1 

subunit alpha) 

Familial 

hemiplegic 

migraine 

(FHM) 

Intense, throbbing pain 

in one area of the head, 

often accompanied by 

nausea, vomiting, and 

extreme sensitivity to 

light and sound. 

Altered channels formed by these mutated genes 

disrupt the normal release and re uptake of certain 

neurotransmitters in brain that result in the alteration 

of signaling between neurons thereby causing 

hemiplegic migraine. Moreover these mutated genes 

cause three different types of Familial hemiplegic 

migraine that are CACNA1A mutations cause FHM1, 

ATP1A2 mutations cause FHM2 and SCN1A 

mutations cause FHM3 

(Pietrobon, D. 

2010), (Cestele et 

al., 2008) (Gritz et 

al., 2013) (Pelzer 

et al., 2013) 

(Ducros et al., 

2001) 

Cav 

Channel 

CACNA1

A 

Cav2.1 (Calcium 

channel Subunit 

alpha) 

Spino-

cerebellar 

ataxia type-6 

(SCA6) 

Progressive pure 

cerebellar ataxia,  poor 

coordination of hands, 

speech, and eye 

movements, Impaired 

speech, Patient 

progressively lose 

physical control 

Expansion of CAG repeats were found at the 3‟ 

region that generates poly glutamine tract thereby 

producing abnormally extended α1 subunit of 

calcium channel that abnormally aggregate calcium 

channel protein thereby affecting neurotransmitter's 

release in the brain eventually causing death of 

neurons 

(Graves and 

Hanna., 2005)                       

(Denier et al., 

1999)       

(Rajakulendran et 

al., 2010)                

(Zhuchenko., et 

al., 1997) 

Heart 

Kv and 

Nav 

Channels 

KCNE1  

KCNE2  

KCNH2  

KCNQ1 

KCNJ2 

SCN5A 

Kv (Voltage gated 

potassium channel 

subfamily E 

member 1 &2, 

subfamily H 

member 2, 

subfamily Q 

member 1, 

subfamily J 

member 2), Nav 

(Sodium channel 

protein type 5 

subunit alpha) 

Cardiac 

arrhythmia 

Dizziness, palpitations, 

syncope, deficits in 

executive function and 

abstract reasoning, even 

cause death 

Irregularities in heart rhythm via mutated channel is 

reported due to triggered activity, which involves 

impulse initiation due to the membrane potential 

oscillations occurring just after an action potential 

that results in abnormal transmission of electrical 

impulse in the heart cell thereby causing aberrant 

cardiac rhythm 

(Schimpf et al., 

2013) 

(Campuzano et 

al., 2010) 

Inward 

Rectifier 

Potassium 

(Kir) 

Channel 

KCNJ2 

Kir2.1 (Inwardly 

rectifying 

potassium channel 

subfamily J 

member 2) 

Andersen-

Tawil 

syndrome 

(ATS) 

Muscle weakness 

(periodic paralysis), 

changes in heart rhythm 

(arrhythmia) and 

developmental 

abnormalities like 

widespread eyes, cleft 

palate and syndactyly of 

the toes. 

Mutations in the KCNJ2 gene alter the usual structure 

and function of potassium channels that prevent the 

channels from being inserted correctly into the cell 

membrane. Moreover it also prevent binding of PIP2 

that disrupt the flow of potassium ions in skeletal and 

cardiac muscles thus leading to periodic paralysis and 

irregular heart rhythm 

(Plaster et al., 

2001) (Tristani-

Firouzi et al., 

2010)                         

(Donaldson et al., 

2004)               

(Tristani-Firouzi 

et al., 2002) 

KCNJ10 

Kir4.1 (ATP-

dependent inwardly 

rectifying 

potassium channel 

Kir4.1) 

SeSAME 

syndrome 

and EAST 

syndrome 

Characterized by 

generalized seizures 

with onset in infancy, 

delayed psychomotor 

development, ataxia, 

sensorineural hearing 

loss, hypokalemia, 

metabolic alkalosis and 

hypomagnesaemia. 

Mutated inward rectifier potassium channel disrupts 

the potassium buffering action of glial cells in the 

brain and disturbs the homeostasis of potassium ions 

in various organs like inner ear, retina and kidney 

thus exhibiting the symptoms of SeSAME 

(Bockenhauer et 

al., 2009)                             

(Scholl et 

al.,2009) 

Kv 

Channel 

KCNE1         

&          

KCNQ1 

Kv (Potassium 

voltage gated 

channel subfamily 

E member 

1,subfamily Q 

member1) 

Jervell and 

Lange-

Nielson 

syndrome (J-

LN) 

Cardiac arrhythmia 

concomitant with 

deafness 

Mutated genes affect potassium channel structure and 

function thereby preventing the assembly of normal 

channels. These changes disrupt the flow of 

potassium ions in the inner ear and in cardiac muscle, 

leading to hearing loss and an irregular heart rhythm 

(Schulze-Bahr et 

al., 1997)                 

(Schwartz et al.,  

2006)               

(Wang et al., 

2002) 

Table 5: Channelopathies associated with various ion channels and their physiology 
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Schematic overview of software development 

4.1 Database creation using SQL Server Management Studio 2005: 

Two databases have been created using the valuable information extracted from the literature 

review. 

a. Neurological Channelopedia 

It is a database containing the repositories of ion channel subtypes of sodium, 

potassium, calcium and chloride channels and their characteristics. 

b. Neurological Channelopathies 

It is a database containing the repositories of ion channels that have been 

associated with neurological diseases. 

4.1.1 Steps for Database creation: 

a. Install SQL-2005 setup into your system 

b. Start SQL Server Management studio 2005 

c. Connect to Server 

i. Enter Server name „.‟ 
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ii. Login „sa‟ 

iii. Password „1234‟ 

 

 
 

d. Creation of Database 

 

 

 

  

Right click on 'Database' 

Click on „New Database‟ 

Enter 'Database name' 
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e. Creation of Tables 

Table Channelopathy 

 

 

 

 

  

Right click on 'Tables' 

Click on „New Table‟ 

Enter 'Column Name' 
and 'Data Type' 

Rename Table 
'Channelopathy' 

Enter Data into Rows 
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Table Channelopedia 

 
 

 
 

 

 

  

Right click on 'Tables' 

Click on „New Table‟ 

Enter 'Column Name' 
and 'Data Type' 

Rename Table 
'Channelopedia' 

Enter Data into Rows 
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Table Reference 

 
 

 

 

 

  

Right click on 'Tables' 

Click on „New Table‟ 

Enter 'Column Name' 
and 'Data Type' 

Rename Table 
'Reference' 

Enter Data into Rows 
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4.2 Software development using Microsoft Visual Studio 2008: 

 

 
Neurological Channelopathic Knowledge Base (NCKB) software design layout 

 

4.2.1 Building a project using Microsoft Visual Studio 2008 

Software has been developed with the use of Microsoft Visual Studio 2008. Software 

development requires the creation of a project, designing the Forms and finally coding 

into the forms.    FileNewProject 

  



 
 

[35] 

4.2.2 Designing of Window Forms: 

All Window forms have been loaded from „Project‟ menu tab. 

ProjectAdd Window Form 

And Click on „Add‟ 

 
 

Window forms have been designed using tools from Toolbox under tab „All Window Forms‟. 

ViewToolbox  Ctrl+Alt+X 

And Properties have been modified with the use of tools available in „Properties Window‟. 

ViewProperties Window  F4 

 

 

LoginForm Design: 

 
 

 

Form1 Design: 
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Form 2 Design: 

 
 

 

Form 3 Design: 

 
 

 

Form 4 Design: 
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Form 5 Design 

 
Form 6 Design: 

 
 

Form 7 Design: 
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Form 8 Design: 

 
Form 9 Design: 

 
Form 10 Design: 

 



 
 

[39] 

Form 11 Design: 

 
 

Form 12 Design: 

 
 

Result1 Design: 

 
 

Result 2 Design: 
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4.2.3 Form Coding using C#: 

Form coding is essential for assigning functions to the tools used in the designing of forms. 

Forms have been coded using C# (C-sharp) language. 

 

 Steps to write code: 

i. Select the tool that has to be coded. 

ii. Select tab „Events‟ from properties. 

iii. Double click on the desired event. 

iv. Write the desired code in the space provided. 

OR 

i. Double click on the tool that has to be assign code. 

ii. Then Form.cs file would be open. 

iii. Write the desired code in the space provided. 

 

 Template of Form.cs file: 

i. Include library files: - These are the files that contain the definitions of various 

syntax code used for coding. 

ii. Declare Namespace: - It is a name of Database that has been created. 

iii. Declaration of Public  Class: - It is a public partial class that has been 

applicable for the whole form. 

iv. Declaration of Events applied to the tools used and coding inside the space 

provided. 

LoginForm.cs Code 

using System; 

using System.Collections.Generic; 

using System.ComponentModel; 

using System.Data; 

using System.Drawing; 

using System.Linq; 

using System.Text; 

using System.Windows.Forms; 

 

namespace Neurological_Channelopathic_Database 

{ 

  public partial class LoginForm : Form 

  { 

   public LoginForm() 

   { 

     InitializeComponent(); 

     textBox1.Focus(); 

   } 

 

   private void button2_Click(object sender, EventArgs e) 

   { 

     textBox1.Text = ""; 

     textBox1.Focus(); 

   } 

 

   private void button1_Click(object sender, EventArgs e) 

   { 

     if (textBox1.Text == "KnowledgeBase4U") 

     { 

       Form1 f1 = new Form1(); 

       f1.Show(); 

       this.Hide(); 

     } 

     else 

     { 

       MessageBox.Show("Please enter correct password!"); 



 
 

[41] 

       textBox1.Clear(); 

       textBox1.Focus(); 

     }                  

    } 

  } 

} 

Form1.cs Code: 

using System; 

using System.Collections.Generic; 

using System.ComponentModel; 

using System.Data; 

using System.Drawing; 

using System.Linq; 

using System.Text; 

using System.Windows.Forms; 

 

namespace Neurological_Channelopathic_Database 

{ 

  public partial class Form1 : Form 

  { 

    public Form1() 

    { 

      InitializeComponent(); 

    } 

 

    private void linkLabel1_LinkClicked(object sender, LinkLabelLinkClickedEventArgs e) 

    { 

      Form2 f2 = new Form2(); 

      f2.Show(); 

      this.Hide(); 

    } 

 

    private void linkLabel2_LinkClicked(object sender, LinkLabelLinkClickedEventArgs e) 

    { 

      Form3 f3 = new Form3(); 

      f3.Show(); 

      this.Hide(); 

    } 

  } 

} 

 

Form 2.cs Code: 

using System; 

using System.Collections.Generic; 

using System.ComponentModel; 

using System.Data; 

using System.Drawing; 

using System.Linq; 

using System.Text; 

using System.Windows.Forms; 

 

namespace Neurological_Channelopathic_Database 

{ 

  public partial class Form2 : Form 

  { 

    public Form2() 

    { 

      InitializeComponent();                     

    } 

 

    private void Form2_Load(object sender, EventArgs e) 

    { 

      ChannelName.Text = "Enter Text Here"; 

      ChannelName.ForeColor = Color.LightSlateGray; 

      Subtypes.Text = "Enter Text Here"; 

      Subtypes.ForeColor = Color.LightSlateGray; 

      Gene.Text = "Enter Text Here"; 

      Gene.ForeColor = Color.LightSlateGray; 

      cmb1.Text = "Select"; 

      cmb1.ForeColor = Color.LightSlateGray; 

      cmb2.Text = "Select"; 

      cmb2.ForeColor = Color.LightSlateGray; 

      ChannelName.Focus();             
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    } 

         

    private void button1_Click(object sender, EventArgs e) 

    { 

       Form1 f1 = new Form1(); 

       f1.Show(); 

       this.Hide(); 

    } 

 

    private void button2_Click(object sender, EventArgs e) 

    { 

       ChannelName.Text = "Enter Text Here"; 

       ChannelName.ForeColor = Color.LightSlateGray; 

       Subtypes.Text = "Enter Text Here"; 

       Subtypes.ForeColor = Color.LightSlateGray; 

       Gene.Text = "Enter Text Here"; 

       Gene.ForeColor = Color.LightSlateGray; 

       cmb1.Text = "Select"; 

       cmb1.ForeColor = Color.LightSlateGray; 

       cmb2.Text = "Select"; 

       cmb2.ForeColor = Color.LightSlateGray; 

       ChannelName.Focus();            

     } 

 

     private void button3_Click(object sender, EventArgs e) 

     { 

       Result1 r1 = new Result1(ChannelName.Text, Subtypes.Text, Gene.Text, cmb1.Text, 

cmb2.Text); 

       r1.Show(); 

       this.Hide(); 

     } 

 

     private void ChannelName_Click(object sender, EventArgs e) 

     { 

       ChannelName.ForeColor = Color.Black; 

     } 

 

     private void ChannelName_Enter(object sender, EventArgs e) 

     { 

       ChannelName.Clear(); 

     } 

 

     private void ChannelName_TextChanged(object sender, EventArgs e) 

     { 

       ChannelName.ForeColor = Color.Black; 

     }               

 

     private void ChannelName_Leave(object sender, EventArgs e) 

     { 

       if(ChannelName.Text == "") 

       { 

         ChannelName.Text = "Enter Text Here"; 

         ChannelName.ForeColor = Color.LightSlateGray; 

       } 

     } 

 

     private void Subtypes_Click(object sender, EventArgs e) 

     { 

       Subtypes.ForeColor = Color.Black; 

     } 

 

     private void Subtypes_Enter(object sender, EventArgs e) 

     { 

       Subtypes.Clear(); 

     } 

 

     private void Subtypes_TextChanged(object sender, EventArgs e) 

     { 

       Subtypes.ForeColor = Color.Black; 

     } 

 

     private void Subtypes_Leave(object sender, EventArgs e) 

     { 

       if (Subtypes.Text == "") 

       { 

         Subtypes.Text = "Enter Text Here"; 

         Subtypes.ForeColor = Color.LightSlateGray; 

       } 

     } 
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     private void Gene_Click(object sender, EventArgs e) 

     { 

       Gene.ForeColor = Color.Black; 

     } 

 

     private void Gene_Enter(object sender, EventArgs e) 

     { 

       Gene.Clear(); 

     } 

 

     private void Gene_TextChanged(object sender, EventArgs e) 

     { 

       Gene.ForeColor = Color.Black; 

     } 

 

     private void Gene_Leave(object sender, EventArgs e) 

     { 

       if (Gene.Text == "") 

       { 

         Gene.Text = "Enter Text Here"; 

         Gene.ForeColor = Color.LightSlateGray; 

       } 

     } 

 

     private void cmb1_Leave(object sender, EventArgs e) 

     { 

       if (cmb1.Text == "AND") 

       { 

         cmb1.Text = "AND"; 

         cmb1.ForeColor = Color.Black; 

       } 

       else if (cmb1.Text == " OR") 

       { 

         cmb1.Text = " OR"; 

         cmb1.ForeColor = Color.Black; 

       } 

       else if (cmb1.Text == "NOT") 

       { 

         cmb1.Text = "NOT"; 

         cmb1.ForeColor = Color.Black; 

       } 

       else if (cmb1.Text == "Select") 

       { 

         cmb1.Text = "Select"; 

         cmb1.ForeColor = Color.LightSlateGray; 

       } 

       else 

       { 

         cmb1.Text = "Select"; 

         cmb1.ForeColor = Color.LightSlateGray; 

       } 

     } 

 

     private void cmb2_Leave(object sender, EventArgs e) 

     { 

       if (cmb2.Text == "AND") 

       { 

         cmb2.Text = "AND"; 

         cmb2.ForeColor = Color.Black; 

       } 

       else if (cmb2.Text == " OR") 

       { 

         cmb2.Text = " OR"; 

         cmb2.ForeColor = Color.Black; 

       } 

       else if (cmb2.Text == "NOT") 

       { 

         cmb2.Text = "NOT"; 

         cmb2.ForeColor = Color.Black; 

       } 

       else if (cmb2.Text == "Select") 

       { 

         cmb2.Text = "Select"; 

         cmb2.ForeColor = Color.LightSlateGray; 

       } 

       else 

       { 

         cmb2.Text = "Select"; 
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         cmb2.ForeColor = Color.LightSlateGray; 

       } 

     }         

   } 

} 

Form 3.cs Code: 

using System; 

using System.Collections.Generic; 

using System.ComponentModel; 

using System.Data; 

using System.Drawing; 

using System.Linq; 

using System.Text; 

using System.Windows.Forms; 

 

namespace Neurological_Channelopathic_Database 

{ 

   public partial class Form3 : Form 

   { 

     public Form3() 

     { 

       InitializeComponent();             

     } 

     private void Form3_Load(object sender, EventArgs e) 

     { 

       ChannelName.Text = "Enter Text Here"; 

       ChannelName.ForeColor = Color.LightSlateGray; 

       GeneName.Text = "Enter Text Here"; 

       GeneName.ForeColor = Color.LightSlateGray; 

       DiseaseName.Text = "Enter Text Here"; 

       DiseaseName.ForeColor = Color.LightSlateGray; 

       cmb1.Text = "Select"; 

       cmb1.ForeColor = Color.LightSlateGray; 

       cmb2.Text = "Select"; 

       cmb2.ForeColor = Color.LightSlateGray; 

       ChannelName.Focus(); 

     } 

 

     private void button1_Click_1(object sender, EventArgs e) 

     { 

       Form1 f1 = new Form1(); 

       f1.Show(); 

       this.Hide(); 

     } 

 

     private void button2_Click_1(object sender, EventArgs e) 

     { 

       ChannelName.Text = "Enter Text Here"; 

       ChannelName.ForeColor = Color.LightSlateGray; 

       GeneName.Text = "Enter Text Here"; 

       GeneName.ForeColor = Color.LightSlateGray; 

       DiseaseName.Text = "Enter Text Here"; 

       DiseaseName.ForeColor = Color.LightSlateGray; 

       cmb1.Text = "Select"; 

       cmb1.ForeColor = Color.LightSlateGray; 

       cmb2.Text = "Select"; 

       cmb2.ForeColor = Color.LightSlateGray; 

       ChannelName.Focus(); 

     } 

        

     private void button3_Click_1(object sender, EventArgs e) 

     { 

       Result2 r2 = new Result2(ChannelName.Text, GeneName.Text, DiseaseName.Text, cmb1.Text, 

cmb2.Text);             

       r2.Show(); 

       this.Hide();             

     } 

 

     private void ChannelName_Click(object sender, EventArgs e) 

     { 

       ChannelName.ForeColor = Color.Black; 

     } 

 

     private void ChannelName_Enter(object sender, EventArgs e) 

     { 

       ChannelName.Clear(); 
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     } 

 

     private void ChannelName_TextChanged(object sender, EventArgs e) 

     { 

       ChannelName.ForeColor = Color.Black; 

     } 

 

     private void ChannelName_Leave(object sender, EventArgs e) 

     { 

       if (ChannelName.Text == "") 

       { 

         ChannelName.Text = "Enter Text Here"; 

         ChannelName.ForeColor = Color.LightSlateGray; 

       } 

     } 

 

     private void GeneName_Click(object sender, EventArgs e) 

     { 

       GeneName.ForeColor = Color.Black; 

     } 

 

     private void GeneName_Enter(object sender, EventArgs e) 

     { 

       GeneName.Clear(); 

     } 

 

     private void GeneName_TextChanged(object sender, EventArgs e) 

     { 

       GeneName.ForeColor = Color.Black; 

     } 

 

     private void GeneName_Leave(object sender, EventArgs e) 

     { 

       if (GeneName.Text == "") 

       { 

         GeneName.Text = "Enter Text Here"; 

         GeneName.ForeColor = Color.LightSlateGray; 

       } 

     } 

 

     private void DiseaseName_Click(object sender, EventArgs e) 

     { 

       DiseaseName.ForeColor = Color.Black; 

     } 

 

     private void DiseaseName_Enter(object sender, EventArgs e) 

     { 

       DiseaseName.Clear(); 

     } 

 

     private void DiseaseName_TextChanged(object sender, EventArgs e) 

     { 

       DiseaseName.ForeColor = Color.Black; 

     } 

 

     private void DiseaseName_Leave(object sender, EventArgs e) 

     { 

       if (DiseaseName.Text == "") 

       { 

         DiseaseName.Text = "Enter Text Here"; 

         DiseaseName.ForeColor = Color.LightSlateGray; 

       } 

     }         

 

     private void cmb1_Leave(object sender, EventArgs e) 

     { 

       if (cmb1.Text == "AND") 

       { 

         cmb1.Text = "AND"; 

         cmb1.ForeColor = Color.Black; 

       } 

       else if (cmb1.Text == " OR") 

       { 

         cmb1.Text = " OR"; 

         cmb1.ForeColor = Color.Black; 

       } 

       else if (cmb1.Text == "NOT") 

       { 

         cmb1.Text = "NOT"; 
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         cmb1.ForeColor = Color.Black; 

        } 

        else if (cmb1.Text == "Select") 

        { 

         cmb1.Text = "Select"; 

         cmb1.ForeColor = Color.LightSlateGray; 

        } 

        else 

        { 

          cmb1.Text = "Select"; 

          cmb1.ForeColor = Color.LightSlateGray; 

        } 

      } 

 

      private void cmb2_Leave(object sender, EventArgs e) 

      { 

        if (cmb2.Text == "AND") 

        { 

          cmb2.Text = "AND"; 

          cmb2.ForeColor = Color.Black; 

        } 

        else if (cmb2.Text == " OR") 

        { 

          cmb2.Text = " OR"; 

          cmb2.ForeColor = Color.Black; 

        } 

        else if (cmb2.Text == "NOT") 

        { 

          cmb2.Text = "NOT"; 

          cmb2.ForeColor = Color.Black; 

        } 

        else if (cmb2.Text == "Select") 

        { 

          cmb2.Text = "Select"; 

          cmb2.ForeColor = Color.LightSlateGray; 

        } 

        else 

        { 

          cmb2.Text = "Select"; 

          cmb2.ForeColor = Color.LightSlateGray; 

        } 

     }              

   } 

} 

 

Form 4.cs Code: 

using System; 

using System.Collections.Generic; 

using System.ComponentModel; 

using System.Data; 

using System.Drawing; 

using System.Linq; 

using System.Text; 

using System.Windows.Forms; 

 

namespace Neurological_Channelopathic_Database 

{ 

  public partial class Form4 : Form 

  { 

    public Form4() 

    { 

      InitializeComponent(); 

    } 

          

    private void button2_Click(object sender, EventArgs e) 

    { 

      this.Close(); 

    } 

  } 

} 

Form 5.cs Code: 

using System; 

using System.Collections.Generic; 

using System.ComponentModel; 
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using System.Data; 

using System.Drawing; 

using System.Linq; 

using System.Text; 

using System.Windows.Forms; 

 

namespace Neurological_Channelopathic_Database 

{ 

  public partial class Form5 : Form 

  { 

    public Form5() 

    { 

      InitializeComponent(); 

    } 

 

    private void button2_Click(object sender, EventArgs e) 

    { 

      this.Close(); 

    } 

  } 

} 
 

Form 6.cs Code: 

using System; 

using System.Collections.Generic; 

using System.ComponentModel; 

using System.Data; 

using System.Drawing; 

using System.Linq; 

using System.Text; 

using System.Windows.Forms; 

 

namespace Neurological_Channelopathic_Database 

{ 

  public partial class Form6 : Form 

  { 

    public Form6() 

    { 

      InitializeComponent(); 

    } 

    private void button2_Click(object sender, EventArgs e) 

    { 

      this.Close(); 

    } 

  } 

} 
 

Form 7.cs Code: 

using System; 

using System.Collections.Generic; 

using System.ComponentModel; 

using System.Data; 

using System.Drawing; 

using System.Linq; 

using System.Text; 

using System.Windows.Forms; 

 

namespace Neurological_Channelopathic_Database 

{ 

  public partial class Form7 : Form 

  { 

    public Form7() 

    { 

      InitializeComponent(); 

    } 

    private void button2_Click(object sender, EventArgs e) 

    { 

      this.Close(); 

    } 

  } 

} 
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Form 8.cs Code: 

using System; 

using System.Collections.Generic; 

using System.ComponentModel; 

using System.Data; 

using System.Drawing; 

using System.Linq; 

using System.Text; 

using System.Windows.Forms; 

 

namespace Neurological_Channelopathic_Database 

{ 

  public partial class Form8 : Form 

  { 

    public Form8() 

    { 

      InitializeComponent(); 

    } 

 

    private void button2_Click(object sender, EventArgs e) 

    { 

      this.Close(); 

    } 

  } 

} 
 

Form 9.cs Code: 

using System; 

using System.Collections.Generic; 

using System.ComponentModel; 

using System.Data; 

using System.Drawing; 

using System.Linq; 

using System.Text; 

using System.Windows.Forms; 

 

namespace Neurological_Channelopathic_Database 

{ 

  public partial class Form9 : Form 

  { 

    public Form9() 

    { 

      InitializeComponent(); 

    } 

 

    private void button2_Click(object sender, EventArgs e) 

    { 

      this.Close(); 

    } 

  } 

} 
 

Form 10.cs Code: 

using System; 

using System.Collections.Generic; 

using System.ComponentModel; 

using System.Data; 

using System.Drawing; 

using System.Linq; 

using System.Text; 

using System.Windows.Forms; 

 

namespace Neurological_Channelopathic_Database 

{ 

  public partial class Form10 : Form 

  { 

    public Form10() 

    { 

      InitializeComponent(); 

    } 

 

    private void button2_Click(object sender, EventArgs e) 
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    { 

      this.Close(); 

    } 

  } 

} 
 

Form 11.cs Code: 

using System; 

using System.Collections.Generic; 

using System.ComponentModel; 

using System.Data; 

using System.Drawing; 

using System.Linq; 

using System.Text; 

using System.Windows.Forms; 

 

namespace Neurological_Channelopathic_Database 

{ 

  public partial class Form11 : Form 

  { 

    public Form11() 

    { 

      InitializeComponent(); 

    } 

 

    private void button2_Click(object sender, EventArgs e) 

    { 

      this.Close(); 

    } 

  } 

} 
 

Form 12.cs Code: 

using System; 

using System.Collections.Generic; 

using System.ComponentModel; 

using System.Data; 

using System.Data.SqlClient; 

using System.Diagnostics; 

using System.Drawing; 

using System.Linq; 

using System.Text; 

using System.Windows.Forms; 

 

namespace Neurological_Channelopathic_Database 

{ 

  public partial class Form12 : Form 

  { 

    string sql; 

    SqlConnection con; 

    DataSet ds; 

    SqlDataAdapter sda; 

 

    public Form12() 

    { 

      InitializeComponent(); 

    } 

 

    private void Form12_Load(object sender, EventArgs e) 

    { 

      textBox1.Text = "Enter Text Here"; 

      textBox1.ForeColor = Color.LightSlateGray; 

    } 

 

    private void button2_Click(object sender, EventArgs e) 

    { 

      this.Hide(); 

    } 

 

    private void textBox1_Click(object sender, EventArgs e) 

    { 

      textBox1.ForeColor = Color.Black; 

    } 
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    private void textBox1_Enter(object sender, EventArgs e) 

    { 

      textBox1.Clear(); 

    } 

 

    private void textBox1_TextChanged(object sender, EventArgs e) 

    { 

      textBox1.ForeColor = Color.Black; 

    } 

 

    private void textBox1_Leave(object sender, EventArgs e) 

    { 

      if (textBox1.Text == "") 

      { 

        textBox1.Text = "Enter Text Here"; 

        textBox1.ForeColor = Color.LightSlateGray; 

      } 

    } 

 

    private void button1_Click(object sender, EventArgs e) 

    { 

      try 

      { 

        string connectionString = "Data Source=.;Initial 

Catalog=Neurological_Channelopathic_Database;User ID=sa;Password=1234"; 

 

        if (textBox1.Text == "Enter Text Here") 

        { 

          MessageBox.Show("Please enter or paste 'reference search text' and then click on 

'Search' button"); 

          this.Close(); 

          Form12 f12 = new Form12(); 

          f12.Show(); 

        } 

        else  

        { 

          sql = "SELECT * FROM Reference WHERE Complete_Reference LIKE '%" + textBox1.Text + 

"%'"; 

        } 

                 

      con = new SqlConnection(connectionString); 

      sda = new SqlDataAdapter(sql, con); 

      ds = new DataSet(); 

      con.Open(); 

      sda.Fill(ds, "Reference"); 

      con.Close(); 

      dataGridView1.DataSource = ds; 

      dataGridView1.DataMember = "Reference"; 

    } 

    catch (Exception es) 

    { 

      Console.WriteLine(es.ToString()); 

    } 

  }         

 } 

} 
 

Result1.cs Code: 

using System; 

using System.Collections.Generic; 

using System.ComponentModel; 

using System.Data; 

using System.Data.SqlClient; 

using System.Diagnostics; 

using System.Drawing; 

using System.Linq; 

using System.Text; 

using System.Windows.Forms; 

 

namespace Neurological_Channelopathic_Database 

{ 

  public partial class Result1 : Form 

  { 

    string sql; 

    SqlConnection con; 

    DataSet ds; 
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    SqlDataAdapter sda; 

         

    private string cname = string.Empty; 

    private string stype = string.Empty; 

    private string gname = string.Empty; 

    private string slct1 = string.Empty; 

    private string slct2 = string.Empty; 

 

  public Result1(string _cname, string _stype, string _gname, string _slct1, string _slct2) 

  { 

    InitializeComponent(); 

    this.cname = _cname; 

    this.stype = _stype; 

    this.gname = _gname; 

    this.slct1 = _slct1; 

    this.slct2 = _slct2; 

  } 

 

  private void Result_Load(object sender, EventArgs e) 

  { 

    try 

    { 

      string connectionString = "Data Source=.;Initial 

Catalog=Neurological_Channelopathic_Database;User ID=sa;Password=1234";                 

                 

      if (cname != "Enter Text Here") 

      { 

       if (stype != "Enter Text Here") 

       { 

        if (gname != "Enter Text Here") 

        { 

         if (slct1 == "AND") 

         { 

          if (slct2 == "AND") 

          { 

            sql = "SELECT * FROM Channelopedia WHERE Channel_Name Like '%" + cname + "%' AND 

Subtypes Like '%" + stype + "%' AND Genes_encoding_subtypes Like '%" + gname + "%'"; 

          } 

          else if (slct2 == " OR") 

          { 

            sql = "SELECT * FROM Channelopedia WHERE Channel_Name Like '%" + cname + "%' AND 

Subtypes Like '%" + stype + "%' OR Genes_encoding_subtypes Like '%" + gname + "%'"; 

          } 

          else if (slct2 == "NOT") 

          { 

            sql = "SELECT * FROM Channelopedia WHERE Channel_Name Like '%" + cname + "%' AND 

Subtypes Like '%" + stype + "%' AND NOT Genes_encoding_subtypes Like '%" + gname + "%'"; 

          } 

          else if (slct2 == "Select") 

          { 

            sql = "SELECT * FROM Channelopedia WHERE Channel_Name Like '%" + cname + "%' AND 

Subtypes Like '%" + stype + "%'"; 

          } 

         } 

         else if (slct1 == " OR") 

         { 

          if (slct2 == "AND") 

          { 

            sql = "SELECT * FROM Channelopedia WHERE Channel_Name Like '%" + cname + "%' OR 

Subtypes Like '%" + stype + "%' AND Genes_encoding_subtypes Like '%" + gname + "%'"; 

          } 

          else if (slct2 == " OR") 

          { 

            sql = "SELECT * FROM Channelopedia WHERE Channel_Name Like '%" + cname + "%' OR 

Subtypes Like '%" + stype + "%' OR Genes_encoding_subtypes Like '%" + gname + "%'"; 

          } 

          else if (slct2 == "NOT") 

          { 

            sql = "SELECT * FROM Channelopedia WHERE Channel_Name Like '%" + cname + "%' OR 

Subtypes Like '%" + stype + "%' AND NOT Genes_encoding_subtypes Like '%" + gname + "%'"; 

          } 

          else if (slct2 == "Select") 

          { 

            sql = "SELECT * FROM Channelopedia WHERE Channel_Name Like '%" + cname + "%' OR 

Subtypes Like '%" + stype + "%'"; 

          } 

         } 

         else if (slct1 == "NOT") 

         { 
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          if (slct2 == "AND") 

          { 

            sql = "SELECT * FROM Channelopedia WHERE Channel_Name Like '%" + cname + "%' AND 

NOT Subtypes Like '%" + stype + "%' AND Genes_encoding_subtypes Like '%" + gname + "%'"; 

          } 

          else if (slct2 == " OR") 

          { 

            sql = "SELECT * FROM Channelopedia WHERE Channel_Name Like '%" + cname + "%' AND 

NOT Subtypes Like '%" + stype + "%' OR Genes_encoding_subtypes Like '%" + gname + "%'"; 

          } 

          else if (slct2 == "NOT") 

          { 

            sql = "SELECT * FROM Channelopedia WHERE Channel_Name Like '%" + cname + "%' AND 

NOT Subtypes Like '%" + stype + "%' AND NOT Genes_encoding_subtypes Like '%" + gname + "%'"; 

          } 

          else if (slct2 == "Select") 

          { 

            sql = "SELECT * FROM Channelopedia WHERE Channel_Name Like '%" + cname + "%' AND 

NOT Subtypes Like '%" + stype + "%'"; 

          } 

         } 

         else if (slct1 == "Select") 

         { 

          if (slct2 == "AND") 

          { 

            sql = "SELECT * FROM Channelopedia WHERE Subtypes Like '%" + stype + "%' AND 

Genes_encoding_subtypes Like '%" + gname + "%'"; 

          } 

          else if (slct2 == " OR") 

          { 

            sql = "SELECT * FROM Channelopedia WHERE Subtypes Like '%" + stype + "%' OR 

Genes_encoding_subtypes Like '%" + gname + "%'"; 

          } 

          else if (slct2 == "NOT") 

          { 

            sql = "SELECT * FROM Channelopedia WHERE Subtypes Like '%" + stype + "%' AND NOT 

Genes_encoding_subtypes Like '%" + gname + "%'"; 

          } 

          else if (slct2 == "Select") 

          { 

            MessageBox.Show("Error! You have not selected a value from dropdown boxes: Please 

search again"); 

            this.Close(); 

            Form2 f2 = new Form2(); 

            f2.Show(); 

          } 

         } 

        } 

        else if (slct1 == "AND") 

        { 

          sql = "SELECT * FROM Channelopedia WHERE Channel_Name Like '%" + cname + "%' AND 

Subtypes Like '%" + stype + "%'"; 

        } 

        else if (slct1 == " OR") 

        { 

          sql = "SELECT * FROM Channelopedia WHERE Channel_Name Like '%" + cname + "%' OR 

Subtypes Like '%" + stype + "%'"; 

        } 

        else if (slct1 == "NOT") 

        { 

          sql = "SELECT * FROM Channelopedia WHERE Channel_Name Like '%" + cname + "%' AND NOT 

Subtypes Like '%" + stype + "%'";                             

        } 

        else if (slct1 == "Select") 

        { 

          MessageBox.Show("Error! You have not selected any option from dropdown box 1: Please 

search again"); 

          this.Close(); 

          Form2 f2 = new Form2(); 

          f2.Show(); 

        } 

       } 

       else if (gname != "Enter Text Here") 

       { 

         MessageBox.Show("Please search with a valid search criteria by either using 

individual text box search or using multiple text box search with dropdown box option"); 

         this.Close(); 

         Form2 f2 = new Form2(); 

         f2.Show(); 
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       } 

       else 

       { 

         sql = "SELECT * FROM Channelopedia WHERE Channel_Name Like '%" + cname + "%'"; 

       } 

      } 

      else if (stype != "Enter Text Here") 

      { 

       if (gname != "Enter Text Here") 

       { 

        if (slct1 == "Select") 

        { 

         if (slct2 == "AND") 

         { 

           sql = "SELECT * FROM Channelopedia WHERE Subtypes Like '%" + stype + "%' AND 

Genes_encoding_subtypes Like '%" + gname + "%'"; 

         } 

         else if (slct2 == " OR") 

         { 

           sql = "SELECT * FROM Channelopedia WHERE Subtypes Like '%" + stype + "%' OR 

Genes_encoding_subtypes Like '%" + gname + "%'"; 

         } 

         else if (slct2 == "NOT") 

         { 

           sql = "SELECT * FROM Channelopedia WHERE Subtypes Like '%" + stype + "%' AND NOT 

Genes_encoding_subtypes Like '%" + gname + "%'"; 

         } 

         else 

         { 

           MessageBox.Show("Error! You have not selected any option from dropdown box 2: 

Please search again"); 

           this.Close(); 

           Form2 f2 = new Form2(); 

           f2.Show(); 

         } 

        } 

        else 

        { 

          MessageBox.Show("Please search with a valid search criteria by either using 

individual text box search or using multiple text box search with dropdown box option"); 

          this.Close(); 

          Form2 f2 = new Form2(); 

          f2.Show(); 

         } 

        } 

        else 

        { 

          sql = "SELECT * FROM Channelopedia WHERE Subtypes Like '%" + stype + "%'"; 

        } 

       } 

       else if (gname != "Enter Text Here") 

       { 

         sql = "SELECT * FROM Channelopedia WHERE Genes_encoding_subtypes Like '%" + gname + 

"%'"; 

       } 

       else 

       { 

         MessageBox.Show("Please search with a valid search criteria by either using 

individual text box search or using multiple text box search with dropdown box option"); 

         this.Close(); 

         Form2 f2 = new Form2(); 

         f2.Show(); 

       } 

                 

       con = new SqlConnection(connectionString); 

       sda = new SqlDataAdapter(sql, con); 

       ds = new DataSet(); 

       con.Open(); 

       sda.Fill(ds, "Channelopedia"); 

       con.Close(); 

       dataGridView1.DataSource = ds; 

       dataGridView1.DataMember = "Channelopedia"; 

      } 

      catch (Exception es) 

      { 

        Console.WriteLine(es.ToString()); 

      }              

     } 
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     private void button1_Click(object sender, EventArgs e) 

     { 

      Form2 f2 = new Form2(); 

      f2.Show(); 

      this.Hide(); 

     } 

 

     private void button2_Click(object sender, EventArgs e) 

     { 

       Form1 f1 = new Form1(); 

       f1.Show(); 

       this.Hide(); 

     } 

 

     private void exportToExcelToolStripMenuItem_Click(object sender, EventArgs e) 

     { 

      if (dataGridView1.Rows.Count > 0) 

      { 

        Microsoft.Office.Interop.Excel.ApplicationClass XcelApp = new 

Microsoft.Office.Interop.Excel.ApplicationClass(); 

        XcelApp.Application.Workbooks.Add(Type.Missing); 

 

        for (int i = 1; i < dataGridView1.Columns.Count + 1; i++) 

        { 

          XcelApp.Cells[1, i] = dataGridView1.Columns[i - 1].HeaderText; 

        } 

 

        for (int i = 0; i < dataGridView1.Rows.Count; i++) 

        { 

         for (int j = 0; j < dataGridView1.Columns.Count; j++) 

         { 

           XcelApp.Cells[i + 2, j + 1] = dataGridView1.Rows[i].Cells[j].Value; 

         } 

        } 

 

        XcelApp.Columns.AutoFit(); 

        XcelApp.Visible = true; 

       } 

      } 

 

      private void closeToolStripMenuItem_Click(object sender, EventArgs e) 

      { 

        Application.Exit(); 

      } 

 

      private void genBankToolStripMenuItem_Click(object sender, EventArgs e) 

      { 

        System.Diagnostics.Process.Start("https://www.ncbi.nlm.nih.gov/genbank//"); 

      } 

 

      private void eMBLEBIToolStripMenuItem_Click(object sender, EventArgs e) 

      { 

        System.Diagnostics.Process.Start("http://www.ebi.ac.uk/"); 

      }  

 

      private void uniProtKBToolStripMenuItem_Click(object sender, EventArgs e) 

      { 

        System.Diagnostics.Process.Start("http://www.uniprot.org/"); 

      } 

 

      private void pIRToolStripMenuItem_Click(object sender, EventArgs e) 

      { 

        System.Diagnostics.Process.Start("http://pir.georgetown.edu/"); 

      } 

 

      private void genpeptToolStripMenuItem_Click(object sender, EventArgs e) 

      { 

        System.Diagnostics.Process.Start("http://www.ncbi.nlm.nih.gov/protein"); 

      } 

 

      private void sCOPToolStripMenuItem_Click(object sender, EventArgs e) 

      { 

        System.Diagnostics.Process.Start("http://scop.mrc-lmb.cam.ac.uk/scop/index.html"); 

      } 

 

      private void cATHToolStripMenuItem_Click(object sender, EventArgs e) 

      { 

        System.Diagnostics.Process.Start("http://www.cathdb.info/"); 

      } 
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      private void fSSPToolStripMenuItem_Click(object sender, EventArgs e) 

      { 

        System.Diagnostics.Process.Start("http://protein.hbu.cn/fssp/"); 

      } 

 

      private void mMDBToolStripMenuItem_Click(object sender, EventArgs e) 

      { 

               

System.Diagnostics.Process.Start("https://www.ncbi.nlm.nih.gov/Structure/MMDB/docs/mmd

b_search.html"); 

      } 

 

      private void rCSBPDBToolStripMenuItem_Click(object sender, EventArgs e) 

      { 

        System.Diagnostics.Process.Start("http://www.rcsb.org/pdb/home/home.do"); 

      } 

 

      private void prositeToolStripMenuItem_Click(object sender, EventArgs e) 

      { 

        System.Diagnostics.Process.Start("http://prosite.expasy.org/"); 

      } 

 

      private void ensemblToolStripMenuItem_Click(object sender, EventArgs e) 

      { 

        System.Diagnostics.Process.Start("http://www.ensembl.org/index.html"); 

      } 

 

      private void uCSCGBToolStripMenuItem_Click(object sender, EventArgs e) 

      { 

        System.Diagnostics.Process.Start("http://genome.ucsc.edu/cgi-bin/hgGateway"); 

      } 

 

      private void entrezGenomesToolStripMenuItem_Click(object sender, EventArgs e) 

      { 

        System.Diagnostics.Process.Start("http://www.ncbi.nlm.nih.gov/genome"); 

      } 

 

      private void oMIMToolStripMenuItem_Click(object sender, EventArgs e) 

      { 

        System.Diagnostics.Process.Start("http://www.ncbi.nlm.nih.gov/omim"); 

      } 

 

      private void hapMapToolStripMenuItem_Click(object sender, EventArgs e) 

      { 

        System.Diagnostics.Process.Start("http://hapmap.ncbi.nlm.nih.gov/"); 

      } 

 

      private void hGMDToolStripMenuItem_Click(object sender, EventArgs e) 

      { 

        System.Diagnostics.Process.Start("http://www.hgmd.org/"); 

      } 

 

      private void geneticsHomeReferencesToolStripMenuItem_Click(object sender, EventArgs e) 

      { 

        System.Diagnostics.Process.Start("http://ghr.nlm.nih.gov/"); 

      } 

 

      private void dbSNPToolStripMenuItem_Click(object sender, EventArgs e) 

      { 

        System.Diagnostics.Process.Start("http://www.ncbi.nlm.nih.gov/SNP/"); 

      } 

 

      private void kEGGPathwaysDatabaseToolStripMenuItem_Click(object sender, EventArgs e) 

      { 

        System.Diagnostics.Process.Start("http://www.genome.jp/kegg/pathway.html"); 

      } 

 

      private void reactomeToolStripMenuItem_Click(object sender, EventArgs e) 

      { 

        System.Diagnostics.Process.Start("http://www.reactome.org/"); 

      } 

 

      private void pubmedToolStripMenuItem_Click(object sender, EventArgs e) 

      { 

        System.Diagnostics.Process.Start("http://www.ncbi.nlm.nih.gov/pubmed"); 

      } 

 

      private void pMCToolStripMenuItem_Click(object sender, EventArgs e) 
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      { 

        System.Diagnostics.Process.Start("http://www.ncbi.nlm.nih.gov/pmc/"); 

      } 

 

      private void bLASTToolStripMenuItem_Click(object sender, EventArgs e) 

      { 

        System.Diagnostics.Process.Start("http://blast.ncbi.nlm.nih.gov/Blast.cgi"); 

      } 

 

      private void fASTAToolStripMenuItem_Click(object sender, EventArgs e) 

      { 

        System.Diagnostics.Process.Start("http://www.ebi.ac.uk/Tools/sss/fasta/"); 

      } 

 

      private void clustalWToolStripMenuItem_Click(object sender, EventArgs e) 

      { 

        System.Diagnostics.Process.Start("http://www.genome.jp/tools/clustalw/"); 

      } 

 

      private void mUSCLEToolStripMenuItem_Click(object sender, EventArgs e) 

      { 

        System.Diagnostics.Process.Start("https://www.ebi.ac.uk/Tools/msa/muscle/"); 

      } 

 

      private void tcoffeeToolStripMenuItem_Click(object sender, EventArgs e) 

      { 

        System.Diagnostics.Process.Start("http://www.tcoffee.org/"); 

      } 

 

      private void dALIToolStripMenuItem_Click(object sender, EventArgs e) 

      { 

            

System.Diagnostics.Process.Start("http://ekhidna.biocenter.helsinki.fi/dali_lite/start

"); 

      } 

 

      private void rCSBPDBProteinComparisonToolToolStripMenuItem_Click(object sender, 

EventArgs e) 

      { 

        System.Diagnostics.Process.Start("http://source.rcsb.org/jfatcatserver/"); 

      } 

 

      private void genScanToolStripMenuItem_Click(object sender, EventArgs e) 

      { 

        System.Diagnostics.Process.Start("http://genes.mit.edu/GENSCAN.html"); 

      } 

 

      private void psiPredToolStripMenuItem_Click(object sender, EventArgs e) 

      { 

        System.Diagnostics.Process.Start("http://bioinf.cs.ucl.ac.uk/psipred/"); 

      } 

 

      private void mfoldToolStripMenuItem_Click(object sender, EventArgs e) 

      { 

        System.Diagnostics.Process.Start("http://mfold.rna.albany.edu/?q=mfold/download-

mfold"); 

      } 

 

      private void pHYLIPToolStripMenuItem_Click(object sender, EventArgs e) 

      { 

            

System.Diagnostics.Process.Start("http://evolution.genetics.washington.edu/phylip.html

"); 

      } 

 

      private void phyMLToolStripMenuItem_Click(object sender, EventArgs e) 

      { 

        System.Diagnostics.Process.Start("http://www.atgc-montpellier.fr/phyml/"); 

      } 

 

      private void expasyToolsToolStripMenuItem_Click(object sender, EventArgs e) 

      { 

        System.Diagnostics.Process.Start("http://www.expasy.org/tools/"); 

      } 

 

      private void sodiumToolStripMenuItem_Click(object sender, EventArgs e) 

      { 

        Form4 f4 = new Form4(); 

        f4.Show(); 
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      } 

 

      private void potassiumToolStripMenuItem_Click(object sender, EventArgs e) 

      { 

        Form5 f5 = new Form5(); 

        f5.Show(); 

      } 

 

      private void calciumToolStripMenuItem_Click(object sender, EventArgs e) 

      { 

        Form6 f6 = new Form6(); 

        f6.Show(); 

      } 

 

      private void chlorideToolStripMenuItem_Click(object sender, EventArgs e) 

      { 

        Form7 f7 = new Form7(); 

        f7.Show(); 

      } 

 

      private void referenceSearchToolStripMenuItem1_Click(object sender, EventArgs e) 

      { 

        Form12 f12 = new Form12(); 

        f12.Show(); 

      }                                                                    

   } 

} 

 

Result2.cs Code: 

using System; 

using System.Collections.Generic; 

using System.ComponentModel; 

using System.Data; 

using System.Data.SqlClient; 

using System.Diagnostics; 

using System.Drawing; 

using System.Linq; 

using System.Text; 

using System.Windows.Forms; 

 

namespace Neurological_Channelopathic_Database 

{ 

  public partial class Result2 : Form 

  { 

    string sql; 

    SqlConnection con; 

    DataSet ds; 

    SqlDataAdapter sda;         

 

    private string cname = string.Empty; 

    private string gname = string.Empty; 

    private string dname = string.Empty; 

    private string slct1 = string.Empty; 

    private string slct2 = string.Empty; 

         

   public Result2(string _cname, string _gname, string _dname, string _slct1, string _slct2) 

   { 

     InitializeComponent(); 

     this.cname = _cname; 

     this.gname = _gname; 

     this.dname = _dname; 

     this.slct1 = _slct1; 

     this.slct2 = _slct2; 

   } 

 

   private void Result2_Load(object sender, EventArgs e) 

   { 

    try 

    { 

      string connectionString = "Data Source=.;Initial 

Catalog=Neurological_Channelopathic_Database;User ID=sa;Password=1234"; 

 

      if (cname != "Enter Text Here") 

      { 

       if (gname != "Enter Text Here") 

       { 
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        if (dname != "Enter Text Here") 

        { 

          if (slct1 == "AND") 

          { 

           if (slct2 == "AND") 

           { 

             sql = "SELECT * FROM Channelopathy WHERE Ion_Channels Like '%" + cname + "%' AND 

Gene Like '%" + gname + "%' AND Disease_Caused Like '%" + dname + "%'"; 

           } 

           else if (slct2 == " OR") 

           { 

             sql = "SELECT * FROM Channelopathy WHERE Ion_Channels Like '%" + cname + "%' AND 

Gene Like '%" + gname + "%' OR Disease_Caused Like '%" + dname + "%'"; 

           } 

           else if (slct2 == "NOT") 

           { 

             sql = "SELECT * FROM Channelopathy WHERE Ion_Channels Like '%" + cname + "%' AND 

Gene Like '%" + gname + "%' AND NOT Disease_Caused Like '%" + dname + "%'"; 

           } 

           else if (slct2 == "Select") 

           { 

             sql = "SELECT * FROM Channelopathy WHERE Ion_Channels Like '%" + cname + "%' AND 

Gene Like '%" + gname + "%'"; 

           } 

          } 

          else if (slct1 == " OR") 

          { 

           if (slct2 == "AND") 

           { 

             sql = "SELECT * FROM Channelopathy WHERE Ion_Channels Like '%" + cname + "%' OR 

Gene Like '%" + gname + "%' AND Disease_Caused Like '%" + dname + "%'"; 

           } 

           else if (slct2 == " OR") 

           { 

             sql = "SELECT * FROM Channelopathy WHERE Ion_Channels Like '%" + cname + "%' OR 

Gene Like '%" + gname + "%' OR Disease_Caused Like '%" + dname + "%'"; 

           } 

           else if (slct2 == "NOT") 

           { 

             sql = "SELECT * FROM Channelopathy WHERE Ion_Channels Like '%" + cname + "%' OR 

Gene Like '%" + gname + "%' AND NOT Disease_Caused Like '%" + dname + "%'"; 

           } 

           else if (slct2 == "Select") 

           { 

             sql = "SELECT * FROM Channelopathy WHERE Ion_Channels Like '%" + cname + "%' OR 

Gene Like '%" + gname + "%'"; 

           } 

          } 

          else if (slct1 == "NOT") 

          { 

           if (slct2 == "AND") 

           { 

             sql = "SELECT * FROM Channelopathy WHERE Ion_Channels Like '%" + cname + "%' AND 

NOT Gene Like '%" + gname + "%' AND Disease_Caused Like '%" + dname + "%'"; 

           } 

           else if (slct2 == " OR") 

           { 

             sql = "SELECT * FROM Channelopathy WHERE Ion_Channels Like '%" + cname + "%' AND 

NOT Gene Like '%" + gname + "%' OR Disease_Caused Like '%" + dname + "%'"; 

           } 

           else if (slct2 == "NOT") 

           { 

             sql = "SELECT * FROM Channelopathy WHERE Ion_Channels Like '%" + cname + "%' AND 

NOT Gene Like '%" + gname + "%' AND NOT Disease_Caused Like '%" + dname + "%'"; 

           } 

           else if (slct2 == "Select") 

           { 

             sql = "SELECT * FROM Channelopathy WHERE Ion_Channels Like '%" + cname + "%' AND 

NOT Gene Like '%" + gname + "%'"; 

           } 

          } 

          else if (slct1 == "Select") 

          { 

           if (slct2 == "AND") 

           { 

             sql = "SELECT * FROM Channelopathy WHERE Gene Like '%" + gname + "%' AND 

Disease_Caused Like '%" + dname + "%'"; 

           } 

           else if (slct2 == " OR") 
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           { 

             sql = "SELECT * FROM Channelopathy WHERE Gene Like '%" + gname + "%' OR 

Disease_Caused Like '%" + dname + "%'"; 

           } 

           else if (slct2 == "NOT") 

           { 

             sql = "SELECT * FROM Channelopathy WHERE Gene Like '%" + gname + "%' AND NOT 

Disease_Caused Like '%" + dname + "%'"; 

           } 

           else if (slct2 == "Select") 

           { 

             MessageBox.Show("Error! You have not selected a value from dropdown boxes: Please 

search again"); 

             this.Close(); 

             Form3 f3 = new Form3(); 

             f3.Show(); 

           } 

          } 

         } 

         else if (slct1 == "AND") 

         { 

           sql = "SELECT * FROM Channelopathy WHERE Ion_Channels Like '%" + cname + "%' AND 

Gene Like '%" + gname + "%'";                             

         } 

         else if (slct1 == " OR") 

         { 

           sql = "SELECT * FROM Channelopathy WHERE Ion_Channels Like '%" + cname + "%' OR 

Gene Like '%" + gname + "%'";                             

         } 

         else if (slct1 == "NOT") 

         { 

           sql = "SELECT * FROM Channelopathy WHERE Ion_Channels Like '%" + cname + "%' AND 

NOT Gene Like '%" + gname + "%'";                             

         } 

         else if (slct1 == "Select") 

         { 

           MessageBox.Show("Error! You have not selected any option from dropdown box 1: 

Please search again"); 

           this.Close(); 

           Form3 f3 = new Form3(); 

           f3.Show(); 

         } 

        } 

        else if (dname != "Enter Text Here") 

        { 

          MessageBox.Show("Please search with a valid search criteria by either using 

individual text box search or using multiple text box search with dropdown box option"); 

          this.Close(); 

          Form3 f3 = new Form3(); 

          f3.Show(); 

        } 

        else 

        { 

          sql = "SELECT * FROM Channelopathy WHERE Ion_Channels Like '%" + cname + "%'"; 

        } 

       } 

       else if (gname != "Enter Text Here") 

       { 

        if (dname != "Enter Text Here") 

        { 

         if (slct1 == "Select") 

         { 

          if (slct2 == "AND") 

          { 

            sql = "SELECT * FROM Channelopathy WHERE Gene Like '%" + gname + "%' AND 

Disease_Caused Like '%" + dname + "%'"; 

          } 

          else if (slct2 == " OR") 

          { 

            sql = "SELECT * FROM Channelopathy WHERE Gene Like '%" + gname + "%' OR 

Disease_Caused Like '%" + dname + "%'"; 

          } 

          else if (slct2 == "NOT") 

          { 

            sql = "SELECT * FROM Channelopathy WHERE Gene Like '%" + gname + "%' AND NOT 

Disease_Caused Like '%" + dname + "%'"; 

          } 

          else 

          { 
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             MessageBox.Show("Error! You have not selected any option from dropdown box 2: 

Please search again"); 

             this.Close(); 

             Form3 f3 = new Form3(); 

             f3.Show(); 

           }  

          } 

          else 

          { 

            MessageBox.Show("Please search with a valid search criteria by either using 

individual text box search or using multiple text box search with dropdown box option"); 

            this.Close(); 

            Form3 f3 = new Form3(); 

            f3.Show(); 

          } 

         } 

         else 

         { 

           sql = "SELECT * FROM Channelopathy WHERE Gene Like '%" + gname + "%'"; 

         } 

        } 

        else if (dname != "Enter Text Here") 

        { 

          sql = "SELECT * FROM Channelopathy WHERE Disease_Caused Like '%" + dname + "%'"; 

        } 

        else 

        { 

          MessageBox.Show("Please search with a valid search criteria by either using 

individual text box search or using multiple text box search with dropdown box option"); 

          this.Close(); 

          Form3 f3 = new Form3(); 

          f3.Show(); 

        } 

 

        con = new SqlConnection(connectionString); 

        sda = new SqlDataAdapter(sql, con); 

        ds = new DataSet(); 

        con.Open(); 

        sda.Fill(ds, "Channelopathy"); 

        con.Close(); 

        dataGridView1.DataSource = ds; 

        dataGridView1.DataMember = "Channelopathy"; 

       } 

       catch (Exception es) 

       { 

         Console.WriteLine(es.ToString()); 

       } 

      } 

 

      private void button1_Click(object sender, EventArgs e) 

      { 

        Form3 f3 = new Form3(); 

        f3.Show(); 

        this.Hide(); 

      } 

 

      private void button2_Click(object sender, EventArgs e) 

      { 

        Form1 f1 = new Form1(); 

        f1.Show(); 

        this.Hide(); 

      } 

 

      private void exportToExcelToolStripMenuItem_Click(object sender, EventArgs e) 

      { 

       if (dataGridView1.Rows.Count > 0) 

       { 

         Microsoft.Office.Interop.Excel.ApplicationClass XcelApp = new 

Microsoft.Office.Interop.Excel.ApplicationClass(); 

         XcelApp.Application.Workbooks.Add(Type.Missing); 

 

        for (int i = 1; i < dataGridView1.Columns.Count + 1; i++) 

        { 

          XcelApp.Cells[1, i] = dataGridView1.Columns[i - 1].HeaderText; 

        } 

 

        for (int i = 0; i < dataGridView1.Rows.Count; i++) 

        { 

         for (int j = 0; j < dataGridView1.Columns.Count; j++) 
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         { 

           XcelApp.Cells[i + 2, j + 1] = dataGridView1.Rows[i].Cells[j].Value; 

         } 

        } 

        XcelApp.Columns.AutoFit(); 

        XcelApp.Visible = true; 

       } 

      } 

 

      private void closeToolStripMenuItem_Click(object sender, EventArgs e) 

      { 

        Application.Exit(); 

      } 

 

      private void genBankToolStripMenuItem_Click(object sender, EventArgs e) 

      { 

        System.Diagnostics.Process.Start("https://www.ncbi.nlm.nih.gov/genbank//"); 

      } 

 

      private void eMBLEBIToolStripMenuItem_Click(object sender, EventArgs e) 

      { 

        System.Diagnostics.Process.Start("http://www.ebi.ac.uk/"); 

      } 

 

      private void uniProtKBToolStripMenuItem_Click(object sender, EventArgs e) 

      { 

        System.Diagnostics.Process.Start("http://www.uniprot.org/"); 

      } 

 

      private void pIRToolStripMenuItem_Click(object sender, EventArgs e) 

      { 

        System.Diagnostics.Process.Start("http://pir.georgetown.edu/"); 

      } 

 

      private void genpeptToolStripMenuItem_Click(object sender, EventArgs e) 

      { 

        System.Diagnostics.Process.Start("http://www.ncbi.nlm.nih.gov/protein"); 

      } 

 

      private void sCOPToolStripMenuItem_Click(object sender, EventArgs e) 

      { 

        System.Diagnostics.Process.Start("http://scop.mrc-lmb.cam.ac.uk/scop/index.html"); 

      } 

 

      private void cATHToolStripMenuItem_Click(object sender, EventArgs e) 

      { 

        System.Diagnostics.Process.Start("http://www.cathdb.info/"); 

      } 

 

      private void fSSPToolStripMenuItem_Click(object sender, EventArgs e) 

      { 

        System.Diagnostics.Process.Start("http://protein.hbu.cn/fssp/"); 

      } 

 

      private void mMDBToolStripMenuItem_Click(object sender, EventArgs e) 

      { 

        

System.Diagnostics.Process.Start("https://www.ncbi.nlm.nih.gov/Structure/MMDB/docs/mmd

b_search.html"); 

      } 

 

      private void rCSBPDBToolStripMenuItem_Click(object sender, EventArgs e) 

      { 

        System.Diagnostics.Process.Start("http://www.rcsb.org/pdb/home/home.do"); 

      } 

 

      private void prositeToolStripMenuItem_Click(object sender, EventArgs e) 

      { 

        System.Diagnostics.Process.Start("http://prosite.expasy.org/"); 

      } 

 

      private void ensemblToolStripMenuItem_Click(object sender, EventArgs e) 

      { 

        System.Diagnostics.Process.Start("http://www.ensembl.org/index.html"); 

      } 

 

      private void uCSCGBToolStripMenuItem_Click(object sender, EventArgs e) 

      { 

        System.Diagnostics.Process.Start("http://genome.ucsc.edu/cgi-bin/hgGateway"); 
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      } 

 

      private void entrezGenomesToolStripMenuItem_Click(object sender, EventArgs e) 

      { 

        System.Diagnostics.Process.Start("http://www.ncbi.nlm.nih.gov/genome"); 

      } 

 

      private void oMIMToolStripMenuItem_Click(object sender, EventArgs e) 

      { 

        System.Diagnostics.Process.Start("http://www.ncbi.nlm.nih.gov/omim"); 

      } 

 

      private void hapMapToolStripMenuItem_Click(object sender, EventArgs e) 

      { 

        System.Diagnostics.Process.Start("http://hapmap.ncbi.nlm.nih.gov/"); 

      } 

 

      private void hGMDToolStripMenuItem_Click(object sender, EventArgs e) 

      { 

        System.Diagnostics.Process.Start("http://www.hgmd.org/"); 

      } 

 

      private void geneticsHomeReferenceToolStripMenuItem_Click(object sender, EventArgs e) 

      { 

        System.Diagnostics.Process.Start("http://ghr.nlm.nih.gov/"); 

      } 

 

      private void dbSNPToolStripMenuItem_Click(object sender, EventArgs e) 

      { 

        System.Diagnostics.Process.Start("http://www.ncbi.nlm.nih.gov/SNP/"); 

      } 

 

      private void kEGGPathwaysDatabaseToolStripMenuItem_Click(object sender, EventArgs e) 

      { 

        System.Diagnostics.Process.Start("http://www.genome.jp/kegg/pathway.html"); 

      } 

 

      private void reactomeToolStripMenuItem_Click(object sender, EventArgs e) 

      { 

        System.Diagnostics.Process.Start("http://www.reactome.org/"); 

      } 

 

      private void pubmedToolStripMenuItem_Click(object sender, EventArgs e) 

      { 

        System.Diagnostics.Process.Start("http://www.ncbi.nlm.nih.gov/pubmed"); 

      } 

 

      private void pMCToolStripMenuItem_Click(object sender, EventArgs e) 

      { 

        System.Diagnostics.Process.Start("http://www.ncbi.nlm.nih.gov/pmc/"); 

      } 

 

      private void bLASTToolStripMenuItem_Click(object sender, EventArgs e) 

      { 

        System.Diagnostics.Process.Start("http://blast.ncbi.nlm.nih.gov/Blast.cgi"); 

      } 

 

      private void fASTAToolStripMenuItem_Click(object sender, EventArgs e) 

      { 

        System.Diagnostics.Process.Start("http://www.ebi.ac.uk/Tools/sss/fasta/"); 

      } 

 

      private void clustalWToolStripMenuItem_Click(object sender, EventArgs e) 

      { 

        System.Diagnostics.Process.Start("http://www.genome.jp/tools/clustalw/"); 

      } 

 

      private void mUSCLEToolStripMenuItem_Click(object sender, EventArgs e) 

      { 

        System.Diagnostics.Process.Start("https://www.ebi.ac.uk/Tools/msa/muscle/"); 

      } 

 

      private void tcoffeeToolStripMenuItem_Click(object sender, EventArgs e) 

      { 

        System.Diagnostics.Process.Start("http://www.tcoffee.org/"); 

      } 

 

      private void dALIToolStripMenuItem_Click(object sender, EventArgs e) 

      { 
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System.Diagnostics.Process.Start("http://ekhidna.biocenter.helsinki.fi/dali_lite/start

"); 

      } 

 

      private void rCSBPDBProteinComparisonToolToolStripMenuItem_Click(object sender, 

EventArgs e) 

      { 

        System.Diagnostics.Process.Start("http://source.rcsb.org/jfatcatserver/"); 

      } 

 

      private void genScanToolStripMenuItem_Click(object sender, EventArgs e) 

      { 

        System.Diagnostics.Process.Start("http://genes.mit.edu/GENSCAN.html"); 

      } 

 

      private void psiPredToolStripMenuItem_Click(object sender, EventArgs e) 

      { 

        System.Diagnostics.Process.Start("http://bioinf.cs.ucl.ac.uk/psipred/"); 

      } 

 

      private void mfoldToolStripMenuItem_Click(object sender, EventArgs e) 

      { 

        System.Diagnostics.Process.Start("http://mfold.rna.albany.edu/?q=mfold/download-

mfold"); 

      } 

 

      private void pHYLIPToolStripMenuItem_Click(object sender, EventArgs e) 

      { 

            

System.Diagnostics.Process.Start("http://evolution.genetics.washington.edu/phylip.html

"); 

      } 

 

      private void phyMLToolStripMenuItem_Click(object sender, EventArgs e) 

      { 

        System.Diagnostics.Process.Start("http://www.atgc-montpellier.fr/phyml/"); 

      } 

 

      private void expasyToolsToolStripMenuItem_Click(object sender, EventArgs e) 

      { 

        System.Diagnostics.Process.Start("http://www.expasy.org/tools/"); 

      } 

 

      private void sodiumToolStripMenuItem_Click(object sender, EventArgs e) 

      { 

        Form8 f8 = new Form8(); 

        f8.Show(); 

      } 

 

      private void potassiumToolStripMenuItem_Click(object sender, EventArgs e) 

      { 

        Form9 f9 = new Form9(); 

        f9.Show(); 

      } 

 

      private void calciumToolStripMenuItem_Click(object sender, EventArgs e) 

      { 

        Form10 f10 = new Form10(); 

        f10.Show(); 

      } 

 

      private void chlorideToolStripMenuItem_Click(object sender, EventArgs e) 

      { 

        Form11 f11 = new Form11(); 

        f11.Show(); 

      } 

 

      private void referenceSearchToolStripMenuItem1_Click(object sender, EventArgs e) 

      { 

        Form12 f12 = new Form12(); 

        f12.Show(); 

      }                 

   } 

} 
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4.2.4 Packaging of Software: 

a. Build a „Setup‟ for the project. 

b. Write a „Script file‟ that can be used for creating database into another system. 

 

 

a. Steps for building a „Setup‟ for the Project: 

i. Create new setup project. 
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ii. Add existing project. 

 

 

iii. Add Project output. 
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iv. Create shortcut for „Primary output from Neurological_Channelopathic_Database 

(Active)‟ and Copy it into both „User‟s Desktop‟ folder and „User‟s Programs Menu‟ 

folder. 

 

 

 

 

 

v. Add Dialogs: Click on „User Interface Editor‟ then Right click on „Start‟ and choose 

„Add Dialog‟ 

   

vi. Add License agreement file: Right click on „License Agreement‟ and choose 

„Properties Window‟ and add License agreement file from the computer. 
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vii. Set product key: Right click on „Customer Information‟ and then change 

„ShowSerialNumber‟ to „True‟. Modify the Serial Number Template according to 

your wish. 

 
 

viii. Build Solution 

  Project has been build successful. 

b. Script File: 

go 

create database Neurological_Channelopathic_Database; 

go 

use Neurological_Channelopathic_Database; 

create table Channelopathy (Tissue_affected nvarchar(MAX), Ion_channels nvarchar(MAX), Gene 

nvarchar(MAX), Channel_subunit nvarchar(MAX), Disease_caused nvarchar(MAX), Symptoms 

nvarchar(MAX), Mechanism nvarchar(MAX), Reference nvarchar(MAX)); 

insert into Channelopathy values ('Skeletal muscle','Cl Channel','ClCN1','ClC-1 (Chloride 

channel protein 1)','Myotonia congenita','Muscle stiffness, inability to relax after 

contraction','Mutated channel either become nonfunctional or open at a more depolarized 

potential thus losses chloride conductance thereby increasing the time taken for 

repolarization due to which muscle hyperexcitability takes place thus causing myotonia','(Lee 

et al., 2013) (Duran et al., 2010) (Lossin and George., 2008) (Koch et al., 1992)'); 

insert into Channelopathy values ('Skeletal muscle','Cl Channel','ClCN1','ClC-1 (Chloride 

channel protein 1)','Thomsen s disease','Proximal muscle weakness, myalgia and  muscular 

hypertrophy','Mutated channels results in moderate decrease in chloride conduction and 

following the above mentioned molecular mechanism it causes mild symptoms','(Wu et al., 2002) 

(Kubisch et al., 1998) (Koch et al. 1992)'); 

insert into Channelopathy values ('Skeletal muscle','Cl Channel','ClCN1','ClC-1 (Chloride 

channel protein 1)','Becker’s disease','Muscle hypertrophy and distal muscle 

weakness','Mutated channel proteins have not get expressed to the optimum level thereby 

causing great reduction in choride conduction and thus causing myotonia by following the above 

mentioned mechanism','(Graves and Hanna., 2005) (Wu et al., 2002) (Kubisch et al., 1998)'); 

insert into Channelopathy values ('Skeletal muscle','Nav Channel','SCN4A','Nav1.4 (Sodium 

channel protein type 4 subunit alpha)','Potassium-aggravated myotonia (PAM)','Sustained muscle 

tension and inability to relax muscle','The altered channels upregulate the sodium ion influx 

into the skeletal muscles thereby triggering prolonged muscle contractions due to one or more 

of the following reasons for instance reduced fast channel inactivation, enhanced recovery 

rate from fast inactivation, slowed deactivation or hyperpolarizing shift in steady state 

activation','(Orrell et al., 1998) (Cummins and Bendahhou., 2009) (Vicart et al., 2005)'); 

insert into Channelopathy values ('Skeletal muscle','Nav Channel','SCN4A','Nav1.4 (Sodium 

channel protein type 4 subunit alpha)','Para-myotonia congenita (PMC)','Cold sensitive 

myotonia and episodic muscular weakness','Mutated sodium channels exhibit slowed inactivation 

and faster recovery from inactivation thus causing hyperexcitability of muscles (myotonia) and 

sometimes inexcitability that causes episodic weakness in muscles','(Heine et al., 1993) 

(McClatchey et al.,1992) (Ptacek et al., 1992) (Tamaoaka, A. 2003) (Vicart et al., 2005)'); 

insert into Channelopathy values ('Skeletal muscle','Nav Channel','SCN4A','Nav1.4 (Sodium 

channel protein type 4 subunit alpha)','Hyper-kalemic periodic paralysis (hyperKPP)','Extreme 

muscle weakness and increased level of potassium during attacks','Due to altered anchoring 

site of fast inactivation particle in mutated channel, persistent sodium current takes place 

that causes depolarization of the cell thereby inactivating other normal sodium channels due 

to the absence of action potential','(Bendahhou et al., 2002) (Ptacek et al., 1991) (Rojas et 

al., 1991)'); 

insert into Channelopathy values ('Skeletal muscle','Nav & Cav Channel','SCN4A and 

CACNA1S','NaV1.4 (Sodium channel protein type 4 subunit alpha) CaV1.1 (Voltage-dependent L-
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type calcium channel subunit alpha-1S)','Hypo-kalemic periodic paralysis (hypoKPP)','Extreme 

muscle weakness associated with low potassium level in serum','Mutated sodium and calcium 

channels are responsible for abnormal gating pore currents i.e. shift in the resting membrane 

potential to a more depolarized second stable state (paradoxical depolarization). Moreover due 

to their affected voltage sensing capability deregulated flow of Ca2+ and Na+ ions into the 

muscles take place thereby causing reduced contractibility of muscles and ultimately muscle 

weakness','(Sokolov et al., 2010) (Jurkat-Rott et al., 2009) (Sokolov et al., 2007) (Bulman et 

al., 1999) (Jurkat- Rott et al., 1994) (Ptacek et al., 1994)'); 

insert into Channelopathy values ('Peri-pheral Nerve','Nav Channel','SCN9A','Nav1.7 (Sodium 

channel protein type 9 subunit alpha)','Primary erythro-melalgia','Burning pain, flushing and 

swelling of the feet, hands and sometimes other areas','Mutated sodium channels exhibit 

hyperpolarizing shift toward activation and slowed inactivation kinetics that makes opening of 

channel more easiar and prolonged. Thus increased inflow of sodium ions enhances transmission 

of pain signals, leading to the signs and symptoms of erythromelalgia','(Dib-Hajj et al., 

2005) (Waxman et al., 2005a & b) (Estacion et al., 2011)'); 

insert into Channelopathy values ('Peri-pheral Nerve','Nav Channel','SCN9A','Nav1.7 (Sodium 

channel protein type 9 subunit alpha)','Paroxysmal extreme pain disorder (PEPD)','Burning pain 

and flushing in the sub-mandibular, ocular, and rectal areas','Mutated sodium channels that 

expressed in nociceptive dorsal root ganglion and sympathetic ganglion neurons cannot be able 

to close as quickly as usual leading to prolonged transmission of pain signals. Moreover we 

can say that gain of function mutations result in increased action potential duration and 

therefore more synaptic transmission thus causing heightened pain perception','(Fertleman et 

al., 2007) (Lampert et al., 2010)'); 

insert into Channelopathy values ('Peri-pheral Nerve','Nav Channel','SCN9A','Nav1.7 (Sodium 

channel protein type 9 subunit alpha)','Congenital in-sensitivity to pain (CIP)','Complete 

loss of pain sensation','Mutated channel exhibit complete functional loss that leads to an 

inability to form action potentials and therefore loss of pain sensation','(Cox et al., 2006) 

(Goldberg et al.,  2007)'); 

insert into Channelopathy values ('Central Nervous System','Kv, Cav, Channel and Glutamate 

transporter','KCNA1 CACNA1A CACNB4 SLC1A3','Kv1.1 (Potassium channel sub-family A member 1) 

Cav2.1 (Calcium channel Subunit alpha), Sodium-dependent glutamate/ aspartate 

transporter1','Episodic ataxias','Problems with movements, poor coordination and 

balance','These genes alter the transport of ions and glutamate into the brain that causes 

certain neurons to become overexcited and disrupts normal communication between these cells. 

Moreover it also results in decreased current often due to protein instability. Furthermore 

potassium channels are vital in down stroke of action potential and its mutation cause 

prolonged action potential and altered excitability of different neuronal population','(Jen et 

al.,  2007) (Wan et al., 2005) (Browne et al., 1994) (Zerr et al., 1998)'); 

insert into Channelopathy values ('Central Nervous System','Kv Channel','KCNMA1','Kca 

(Potassium large conductance calcium-activated channel, subfamily M, alpha member 

1)','Paroxysmal dyskinesias','Sudden, unpredictable disabling attacks of involuntary 

movements','Mutated channels formed due to altered KCNMA1 gene promotes excitability of 

neurons by inducing rapid repolarization of action potential that allows neurons to conduct at 

a faster rate thereby causing recurrent attacks','(Lee and Cui., 2009) (Du et al., 2005)'); 

insert into Channelopathy values ('Central Nervous System','Kv Channel','KCNQ2 KCNQ3','Kv7.2 & 

Kv7.3 (Potassium voltage-gated channel subfamily KQT member 2 & 3)','Benign familial neonatal 

seizures (BFNS)','Recurrent seizures in newborn babies, muscle rigidity, convulsions, and loss 

of consciousness','Channels coded by KCNQ2 and KCNQ3 genes transmit M-currents that ensure 

normal shutting of active neuron, while mutated genes result in reduced or altered M-current 

which cause excessive excitability of neurons that results in the development of seizures in 

brain','(Biervert et al.,1998) (Singh et al., 1998) (Charlier et al., 1998) (Castaldo et al., 

2002)'); 

insert into Channelopathy values ('Central Nervous System','Nav Channel','SCN1A SCN1B','NaV1.1 

(Sodium channel type 1 subunit alpha)','Generalized epilepsy with febrile seizures (GEFS)','It 

is characterized by a long term recurring seizures','However, it arises from many causes that 

include metabolic brain disorders, abnormalities of cortical development, brain trauma or 

structural lesions of the brain (brain tumors), while mutated channel is also one of the 

prominent factor that causes overexcitation of neurons and ultimately epilepsy with 

seizures','(Catterall et al., 2010) (Tan et al.,  2012) (Xu et al., 2012)'); 

insert into Channelopathy values ('Central Nervous System','Cav & Nav Channels','CACNA1A 

ATP1A2 SCN1A','Cav2.1 (Calcium channel Subunit alpha) ATP1A2 (ATPase subunit alpha-2) NaV1.1 

(Sodium channel type 1 subunit alpha)','Familial hemiplegic migraine (FHM)','Intense, 

throbbing pain in one area of the head, often accompanied by nausea, vomiting, and extreme 

sensitivity to light and sound','Altered channels formed by these mutated genes disrupt the 

normal release and re uptake of certain neurotransmitters in brain that result in the 

alteration of signaling between neurons thereby causing hemiplegic migraine. Moreover these 

mutated genes cause three different types of Familial hemiplegic migraine that are CACNA1A 

mutations cause FHM1, ATP1A2 mutations cause FHM2 and SCN1A mutations cause FHM3','(Pietrobon, 

D. 2010) (Cestele et al., 2008) (Gritz et al., 2013) (Pelzer et al., 2013) (Ducros et al., 

2001)'); 

insert into Channelopathy values ('Central Nervous System','Cav Channel','CACNA1A','Cav2.1 

(Calcium channel Subunit alpha)','Spino-cerebellar ataxia type-6 (SCA6)','Progressive pure 

cerebellar ataxia, poor coordination of hands, speech, and eye movements, Impaired speech, 

Patient progressively lose physical control','Expansion of CAG repeats were found at the 3’ 

region that generates poly glutamine tract thereby producing abnormally extended α1 subunit of 

calcium channel that abnormally aggregate calcium channel protein thereby affecting 

neurotransmitter’s release in the brain eventually causing death of neurons','(Graves and 

Hanna., 2005) (Denier et al., 1999) (Rajakulendran et al., 2010) (Zhuchenko., et al., 1997)'); 
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insert into Channelopathy values ('Heart','Kv and Nav Channels','KCNE1 KCNE2 KCNH2 KCNQ1 KCNJ2 

SCN5A','Kv (Voltage gated potassium channel subfamily E member 1 &2, subfamily H member 2, 

subfamily Q member 1, subfamily J member 2), Nav (Sodium channel protein type 5 subunit 

alpha)','Cardiac arrhythmia','Dizziness, palpitations, syncope, deficits in executive function 

and abstract reasoning, even cause death','Irregularities in heart rythm viz mutated channel 

is reported due to triggered activity, which involves impulse initiation due to the membrane 

potential oscillations occurring just after an action potential that results in abnormal 

transmission of electrical impulse in the heart cell thereby causing aberrant cardiac 

rhythm','(Schimpf et al., 2013) (Campuzano et al., 2010)'); 

insert into Channelopathy values ('Heart','Inward Rectifier Potassium (Kir) 

Channel','KCNJ2','Kir2.1 (Inwardly rectifying potassium channel subfamily J member 

2)','Andersen-Tawil syndrome (ATS)','Muscle weakness (periodic paralysis), changes in heart 

rhythm(arrhythmia) and developmental abnormalities like widespread eyes, cleft palate and 

syndactyly of the toes','Mutations in the KCNJ2 gene alter the usual structure and function of 

potassium channels that prevent the channels from being inserted correctly into the cell 

membrane. Moreover it also prevent binding of PIP2 that disrupt the flow of potassium ions in 

skeletal and cardiac muscles thus leading to periodic paralysis and irregular heart 

rhythm','(Plaster et al., 2001) (Tristani-Firouzi et al., 2010) (Donaldson et al., 2004) 

(Tristani-Firouzi et al., 2002)'); 

insert into Channelopathy values ('Heart','Inward Rectifier Potassium (Kir) 

Channel','KCNJ10','Kir4.1 (ATP-dependent inwardly rectifying potassium channel 

Kir4.1)','SeSAME syndrome and EAST syndrome','Characterized by generalized seizures with onset 

in infancy, delayed psychomotor development, ataxia, sensorineural hearing loss, hypokalemia, 

metabolic alkalosis and hypomagnesemia','Mutated inward rectifier potassium channel disrupts 

the potassium buffering action of glial cells in the brain and disturbs the homeostasis of 

potassium ions in various organs like inner ear, retina and kidney thus exhibiting the 

symptoms of SeSAME','(Bockenhauer et al., 2009) (Scholl et al.,2009)'); 

insert into Channelopathy values ('Heart','Kv Channel','KCNE1 & KCNQ1','Kv (Potassium voltage 

gated channel subfamily E member 1,subfamily Q member1)','Jervell and Lange-Nielson syndrome 

(J-LN)','Cardiac arrhythmia concomitant with deafness','Mutated genes affect potassium channel 

structure and function thereby preventing the assembly of normal channels. These changes 

disrupt the flow of potassium ions in the inner ear and in cardiac muscle, leading to hearing 

loss and an irregular heart rhythm','(Schulze-Bahr et al., 1997) (Schwartz et al., 2006) (Wang 

et al., 2002)'); 

create table Channelopedia (Channel_name nvarchar(MAX), Subtypes nvarchar(MAX), Gene 

nvarchar(MAX), Tissue_specificity nvarchar(MAX), Subcellular_location nvarchar(MAX), 

Subunit_structure nvarchar(MAX), Physiological_role nvarchar(MAX), Involvement_in_disease 

nvarchar(MAX), Reference nvarchar(MAX)); 

insert into Channelopedia values ('Sodium (NaV) Channel','NaV 1.1','SCN1A','Adult brain, 

especially in Purkinje cells','Cell bodies','Nav type-1 α-subunit Homotetradomain. Each domain 

consists of internally repeated segments (S1–S6)','Control of action potential generation and 

propagation','Myoclonic epilepsy','(Kalume et al., 2007) (Spampanato et al., 2003)'); 

insert into Channelopedia values ('Sodium (NaV) Channel','NaV 1.2','SCN2A','Central neurons, 

peripheral neurons','Axon initial segment of Cerebellar granule cells','Nav type-2 α-subunit 

Homotetradomain. Each domain consists of internally repeated segments (S1–S6)','Control of 

action potential generation and propagation','Inherited febrile seizures','(Kearney et al., 

2001) (Shi et al., 2012)'); 

insert into Channelopedia values ('Sodium (NaV) Channel','NaV 1.3','SCN3A','Developing CNS, 

peripheral neurons and cardiac myocytes','Membrane','Nav type-3 α-subunit Homotetradomain. 

Each domain consists of internally repeated segments (S1–S6)','Fast activation and 

Inactivation Kinetics','Hyperexcitability in epileptic patient','(Estacion et al.,2010)'); 

insert into Channelopedia values ('Sodium (NaV) Channel','NaV 1.4','SCN4A','Skeletal 

muscle','Membrane','Nav type-4 α-subunit Homotetradomain. Each domain consists of internally 

repeated segments (S1–S6)','Generation and propagation of action potentials that initiate 

muscle contraction','Several myotonia and periodic paralysis disorders, 

Arrhythmias','(Anyukhovsky et al., 2011)'); 

insert into Channelopedia values ('Sodium (NaV) Channel','NaV 1.5','SCN5A','Brain, cardiac 

muscle','Axon, Co-localized with Neurofilaments','Nav type-5 α-subunit Homotetradomain. Each 

domain consists of internally repeated segments (S1–S6','Action potential generation & 

propagation in cardiac tissue and brain','Syncope, Seizures, Cardiac arrhythmias  Long QT 

syndrome (LQTS), Brugada syndrome, Cardiac conduction disease','(Hu et al., 2010) (Tan et al., 

2007)'); 

insert into Channelopedia values ('Sodium (NaV) Channel','NaV 1.6','SCN8A','Cerebellar granule 

cells','Mature nodes along compact myelinated axons, dendrites','Nav type-8 α-subunit 

Homotetradomain. Each domain consists of internally repeated segments (S1–S6)','Most 

prominently expressed and potential generation in various types of tissues','Cognitive 

impairment with or without cerebellar ataxia (CIAT), Epileptic encephalopathy, early 

infantile, type 13 (EIEE13)','(Trudeau et al., 2006) (Osorio et al., 2005)'); 

insert into Channelopedia values ('Sodium (NaV) Channel','Nav 1.7','SCN9A','Nociceptors 

(Nerves transmitting pain signals)','Membrane','Nav type-9 α-subunit Homotetradomain. Each 

domain consists of internally repeated segments (S1–S6)','Responsible for carrying pain 

signals to brain','Erythromelalgia, Paroxysmal extreme pain disorder, Congenital insensitivity 

to pain(CIP)','(Cregg et al., 2013) (Estacion et al., 2011) (Klein et al., 2013)'); 

insert into Channelopedia values ('Sodium (NaV) Channel','Nav 1.8','SCN10A','Peripheral 

sensory nervous system','Membrane','Nav type-10 α-subunit Homotetradomain. Each domain 

consists of internally repeated segments (S1–S6)','Transmits pain signals to CNS in cold 

temperature','Pain and Paresthesias','(Faber et al., 2012)'); 

insert into Channelopedia values ('Sodium (NaV) Channel','Nav 1.9','SCN11A','Heart and Dorsal 

root ganglion neurons','Trigeminal neurones and their axons','Nav type-11 α-subunit 
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Homotetradomain. Each domain consists of internally repeated segments (S1–S6)','Involved in 

pain related signalling','Mechanical and Heat pain hypersensitivity','(Lolignier et al., 

2011)'); 

insert into Channelopedia values ('Sodium (NaV) Channel','NaV β1','SCN1B','Muscle and Neuronal 

cells','Membrane','Nav type-1 β-subunit. Single domain. Auxiliary subunit','Modulate channel 

gating kinetics','Brugada syndrome, Generalized epilepsy with febrile seizures plus type 

1','(Audenaert et al., 2003) (Patino et al., 2011)'); 

insert into Channelopedia values ('Sodium (NaV) Channel','NaV β2','SCN2B','White matter tracts 

in the cerebellum,Hippocampal, cortical pyramidal neurons, and cerebellar purkinje 

neurons','At the membrane of  Cell bodies and Nodes of Ranvier','Nav type-2 β-subunit. Single 

domain. Auxiliary subunit','Modulate channel gating kinetics','Brugada syndrome','(Riuro et 

al., 2013)'); 

insert into Channelopedia values ('Sodium (NaV) Channel','NaV β3','SCN3B','Contractile 

myocardium','Membrane','Nav type-3 β-subunit. Single domain. Auxiliary subunit','Modulate 

channel gating kinetics','Brugada syndrome type 7','(Hu et al., 2009) (Carmen et al., 2010)'); 

insert into Channelopedia values ('Sodium (NaV) Channel','NaV β3','SCN3B','Dorsal root 

ganglia','Membrane','Nav type-4 β-subunit. Single domain. Auxiliary subunit','Modulate channel 

gating kinetics','Long QT-syndrome type 10','(Medeiros-Domingo et al., 2007)'); 

insert into Channelopedia values ('Potassium (Kv) Channel','Kv1.1','KCNA1','Unmyelinated 

Axons, Cell Somas, Axon Terminals, Dendrites','Membrane, Transmembrane','Kv shaker member 1, 

α-subunit consist of six helical segments (S1-S6)','Circadian Rhythms, Neuronal 

Firing','Episodic Ataxia Type 1, Myokymia, Periodic Ataxia','(Orazio et al., 2012) (Brew et 

al., 2003) (Shook et al., 2008)'); 

insert into Channelopedia values ('Potassium (Kv) Channel','kv1.2','KCNA2','Hippocampal Neuron 

Neocortex, Main olfactory bulb (MOB) and Cerebellum','Membrane, Multi-pass membrane 

protein','Kv shaker member 2, α-subunit consist of six helical segments (S1-S6)','Regulation 

of state Transitions and Repetitive activity in Striatal Medium Spiny Neurons','Cerebellar 

Ataxia, myokymia and neuromyotonia','(Pruss et al., 2009) (Lorincz and Nusser., 2008)'); 

insert into Channelopedia values ('Potassium (Kv) Channel','kv1.3','KCNA3','Effector memory   

T-cells','Membrane, Multi-pass membrane protein','Kv shaker member 3, α-subunit consist of six 

helical segments (S1-S6)','Regulate several physiological functions of Lymphocytes, Cell 

Proliferation','Down syndrome Neural Progenitors','(Wulff et al., 2003) (Cidad et al., 

2012)'); 

insert into Channelopedia values ('Potassium (Kv) Channel','kv1.4',' KCNA4','Heart, 

Cerebellum','Membrane, Multi-pass membrane protein','Kv shaker member 4, α-subunit consist of 

six helical segments (S1-S6)','Modulating Electrophysiological Behaviour','Chronic 

Pancreatitis, Hyperalgesia ','(Chandy et al., 2004) (Freedman et al., 1992) (Leonard et al., 

1992)'); 

insert into Channelopedia values ('Potassium (Kv) Channel','kv1.5','KCNA5','Heart, 

Brain','Cell membrane, Multi-pass membrane protein','Kv shaker member 5, α-subunit consist of 

six helical segments (S1-S6)','Physiological processes in Brain and Muscle','Ischemia 

Affects','(Fedida et al., 2003) (Gobrit et al., 2007) (Vicente et al., 2006) (Archer et al., 

2001) (Stapels et al., 2010)'); 

insert into Channelopedia values ('Potassium (Kv) Channel','kv1.6','KCNA6','Ganglion 

Cell','Membrane, Multi-pass membrane protein','Kv shaker member 6, α-subunit consist of six 

helical segments (S1-S6)','Mediates the voltage-dependent potassium ion permeability of 

excitable membranes','Myokymia and Neuromyotonia','(van Poucke et al., 2012)'); 

insert into Channelopedia values ('Potassium (Kv) Channel','kv1.7','KCNA7','Heart,Kidney, 

Skeletal Muscle','Membrane, Multi-pass membrane protein','Kv shaker member 7, α-subunit 

consist of six helical segments (S1-S6)','Important  Role in the Repolarization of Cell 

Membranes','Acute myeloid leukemiacute Myeloid Leukemia','(Finol-Urdaneta et al., 2006) 

(Kashuba et al., 2001)'); 

insert into Channelopedia values ('Potassium (Kv) Channel','kv2.1','KCNB1','CNS','Pyramidal 

Neurons in Cortex','Kv shab member 1, α-subunit consist of six helical segments (S1-

S6)','Regulates Neuronal Excitability, Action Potential Duration and Tonic 

Spiking','Hyperalgesia','(Misonou et al., 2005)'); 

insert into Channelopedia values ('Potassium (Kv) Channel','kv2.2','KCNB2','Trapezoid body 

neurons','Trapezoid body neurons','Kv shab member 2, α-subunit consist of six helical segments 

(S1-S6)','Regulate Action Potential Firing','Cardiovascular disease risk','(Johnston et al., 

2008) (Kihira et al., 2010)'); 

insert into Channelopedia values ('Potassium (Kv) Channel','kv3.1','KCNC1','Cortex, 

Cerebellum, Hippocampus Neurons in the Globus Pallidus, CNS','Hippocampus Neurons in the 

Globus Pallidus','Kv shaw member 1, α-subunit consist of six helical segments (S1-

S6)','Involved in Motor Control','Ataxia with prominent Hypermetria, Constitutive 

Hyperactivity, Sleep Loss, Impaired Motor performance, Tremor and Myoclonus','(Lewis et al., 

2004) (Espinosa et al., 2008)'); 

insert into Channelopedia values ('Potassium (Kv) Channel','kv3.2','KCNC2','Cortical GABAergic 

Interneurons, Hippocampus Somatic, Proximal Dendritic Membrane Axons','Proximal Dendritic 

Membrane Axons, Cortical GABAergic Interneurons','Kv shaw member 2, Homo- or heterotetramer, 

α-subunit consist of six helical segments (S1-S6) ','Neurodevelopmental delay Cerebellar 

Ataxia','Susceptibility to Seizures','(Chow et al., 1999) (Lau et.al., 2000)'); 

insert into Channelopedia values ('Potassium (Kv) Channel','kv3.3','KCNC3','Cortex, Basal 

Ganglia and Cerebellum','Membrane, Multi-pass membrane protein','Kv shaw member 3, Homo- or 

heterotetramer, α-subunit consist of six helical segments (S1-S6)','Involved in Motor 

Control','Constitutive Hyperactivity, Sleep Loss, Impaired Motor Performance, Ataxia, Tremor 

and Myoclonus','(Espinosa et al., 2008)'); 

insert into Channelopedia values ('Potassium (Kv) Channel','kv4.1','KCND1','Epithelial Cells, 

Alveolar and Mammary Epithelial Cells, Adipose Tissue-Derived Stem Cells','Multi-pass membrane 

protein,   Alveolar  Mammary Epithelial Cells  Adipose Tissue-Derived Stem Cells','Kv shal 
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member 1, Homotetramer, α-subunit consist of six helical segments (S1-S6)','Contribute to cell 

Migration and Wound Healing','Gastric Cancer NOS, Malignant Neoplasm of Breast','(Sandhiya and 

Dkhar., 2009)'); 

insert into Channelopedia values ('Potassium (Kv) Channel','kv4.2','KCND2','Brain','Localized 

in the Dendrites near Postsynaptic Regions','Kv shal member 2, Homotetramer, α-subunit consist 

of six helical segments  (S1-S6)','Regulate Synaptic Plasticity','Cardiovascular disease','(Jo 

et al., 2010)'); 

insert into Channelopedia values ('Potassium (Kv) Channel','kv4.3','KCND3','Rat Adult Brain 

and Heart Tissues','Molecular layer Interneurons','Kv shal member 3, Homotetramer, α-subunit 

consist of six helical segments (S1-S6)','Internalized in response to Glutamatergic 

stimulation in Purkinje Cells, Neuronal Somatodendritic Interactions','Spinocerebellar Ataxia 

Type 1, Cerebellar Ataxia','(Hourez et al., 2011)'); 

insert into Channelopedia values ('Potassium (Kv) Channel','kv7.2','KCNQ2','Peripheral Nerve 

System','Membrane, Multi-pass membrane protein','Kv KQT like Subfamily member 2, 

Heteromultimer, α-subunit consist of six helical segments (S1-S6)','Regulate Neurotransmitter 

Release, Heart Rate, Insulin Secretion, Neuronal Excitability, Epithelial electrolyte 

Transport, Smooth Muscle contraction','Myokymia and Neuromyotonia','(van Poucke et al., 

2012)'); 

insert into Channelopedia values ('Potassium (Kv) Channel','kv7.3','KCNQ3','Distributed 

Broadly in Brain','Membrane, Multi-pass membrane protein','Kv KQT like Subfamily member 3, 

Heteromultimer, α-subunit consist of six helical segments (S1-S6)','Electrical 

Hyperexcitability in BFNC','Familial Neonatal Convulsions (BFNC), Autosomal Dominant Epilepsy 

of Infancy, Myokymia','(Schroeder et al., 1998) (Chung et al., 2006)'); 

insert into Channelopedia values ('Potassium (Kv) Channel','kv7.4','KCNQ4','Almost All Brain 

Regions','Discrete Nuclei Of Brainstem, Including the Mid- Brain ','Kv KQT like Subfamily 

member 4, Homo/Heterotetramer, α-subunit consist of six helical segments (S1-S6)','Participate 

in both pre- and Postsynaptic Modulation of basal and stimulated excitatory 

Neurotransmission','Chinese Non-Syndromic Hearing Loss Pedigree','(Kharkovets et al., 2000)'); 

insert into Channelopedia values ('Potassium (Kv) Channel','kv7.5','KCNQ5','Neocortex and the 

Hippocampal','Apical and Lateral Membranes','Kv KQT like Subfamily member 5, Heteromultimer , 

α-subunit consist of six helical segments (S1-S6)','Controlling Basal Anion 

Secretion','Epilepsy','(Yus-Najera et al., 2003)'); 

insert into Channelopedia values ('Calcium (CaV) Channel','Cav1.1','CACNA1S','Skeletal 

Muscle','Cell Junction , Postsynaptic Cell Membrane','Cav L-type, α-1S subunit, Each α1 

subunit consists of 6 helical transmembrane segments (S1-S6)','Functions as a Voltage Sensor 

in Skeletal Muscle Excitation-Contraction Coupling','Hypokalemic Periodic Paralysis, 

Thyrotoxic Periodic paralysis and Malignant Hyperthermia Susceptibility','(Kung et al., 2004) 

(Kim et al., 2001)'); 

insert into Channelopedia values ('Calcium (CaV) Channel','Cav1.2','CACNA1C','Brain, Heart, 

Ovary Neurons','Membrane; Multi-pass membrane protein','Cav L-type, α-1C subunit, Each α1 

subunit consists of 6 helical transmembrane segments (S1-S6)','Release of Hormones and 

Neurotransmitters','Vision, Hearing, and Gene Expression','(Kameda et al., 2006) (Reuter H. 

1983)'); 

insert into Channelopedia values ('Calcium (CaV) Channel','Cav1.3','CACNA1D','Auditory 

Brainstem, CenterAuditory Sensory hair Cells, Neuronal Cells and Some Epithelial 

Cells','Somatodendritic Compartment of many Types of Neurones','Cav L-type, α-1D subunit, Each 

α1 subunit consists of 6 helical transmembrane segments (S1-S6)','Regulate Intracellular 

Processes such as Contraction, Secretion, Neurotransmission and Gene 

Expression','Deafness','(Roberts et al., 1990) (Satheesh et al., 2012)'); 

insert into Channelopedia values ('Calcium (CaV) 

Channel','Cav1.4','CACNA1F','Retina','Expressed in the Retina and Localizes at Ribbon Synapses 

in Cone and Rod photoreceptors','Cav L-type, α-1F subunit, Each α1 subunit consists of 6 

helical transmembrane segments (S1-S6)','Synaptic Transmission and Cellular organization in 

Retina','Congenital Stationary Night Blindness , Syndromic Autism, Schizophrenia','(McRory et 

al., 2004) (Klassen et al., 2011) (Wei and Hemmings., 2006)'); 

insert into Channelopedia values ('Calcium (CaV) Channel','Cav2.1 (P/Q)',' 

CACNA1A','Presynaptic Terminals  Cerebellar Purkinje Cells Granule Cells,Cortex','Somato-

Dendritic membranes throughout the brain','Cav P/Q-type, α-1A subunit, Each α1 subunit 

consists of 6 helical transmembrane segments (S1-S6)','Mediating Neurotransmitter release in 

the Nervous System, Postsynaptic Integration, Neuroplasticity, Neural Excitability, and Gene 

Transcription','Spinocerebellar Ataxia Type 6','(Llinas et al., 1992) (Mintz et al., 1992) 

(Chen and Piedras-Rentería., 2007)'); 

insert into Channelopedia values ('Calcium (CaV) Channel','Cav2.2 (N)','CACNA1B','Neuron, 

Retinal Ganglion cell','Multi-pass membrane protein','Cav N-type, α-1B subunit, Each α1 

subunit consists of 6 helical transmembrane segments (S1-S6)','Controls Neurotransmitter 

Release from Neurons','Episodic Ataxia Type 2, Schizophrenia and Bipolar Disorder','(Yasuda et 

al., 2004) (Zhang et al., 2008)'); 

insert into Channelopedia values ('Calcium (CaV) Channel','Cav 2.3 ( R)','CACNA1E','Neuronal 

Tissues (Kidney)','Multi-Pass membrane Protein','Cav R-type, α-1E subunit, Each α1 subunit 

consists of 6 helical transmembrane segments (S1-S6)','Modulation of firing patterns of 

neurons,  Muscle Contraction,  Hormone or neurotransmitter release, Cell Motility, Cell 

Division and Cell Death','Juvenile Myoclinic Epilepsy','(Schneider et al., 1994) (Williams et 

al., 1994) (Suzuki et al., 2004)'); 

insert into Channelopedia values ('Calcium (CaV) Channel','Cav3.1','CACNA1G','Neurons and 

Cardiac tissue','Multi-pass membrane protein','Cav T-type, α-1G subunit, Each α1 subunit 

consists of 6 helical transmembrane segments (S1-S6)','Neuronal Firing Activity, Cardiac 

Pacemaker Activity','Epilepsy, Cardiac Hypertrophy','(Hagiwara et al., 1988) (Huguenard, JR. 

1996) (Tsakiridou et al., 1995)'); 



 
 

[72] 

insert into Channelopedia values ('Calcium (CaV) Channel','Cav3.2','CACNA1H','Kidney, Liver, 

Heart, Brain','Multi-pass membrane protein','Cav T-type, α-1H subunit, Each α1 subunit 

consists of 6 helical transmembrane segments (S1-S6)','Secretion of Neuroendocrine Prostate 

Cancer  Cells, Contraction, Secretion, Neurotransmission and gene Expression.','Epilepsy, 

Idiopathic generalized Type 6, Epilepsy, childhood absence 6 (ECA6)','(Splawski et al., 

2006)'); 

insert into Channelopedia values ('Calcium (CaV) Channel','Cav3.3','CACNA1I','Brain 

Specific','Somatodendritic Compartment of many Types of Neurones','Cav  T-type α- 1I subunit, 

Each α1 subunit consists of 6 helical transmembrane segments (S1-S6)','Electrical and  

Signaling,  generate burst firing and Pacemaker Activity','Hyperalgesia','(Talley et al., 

1999) (Carbone and Lux., 1984) (Kim et al., 2003)'); 

insert into Channelopedia values ('Calcium (CaV) Channel','Cav β1','CACNB1','Brain, Heart, 

Spleen, Central Nervous System & Neuroblastoma Cell','Sarcolemma; Peripheral membrane 

protein','Cav L-type, β-1 (auxiliary)subunit','Modulating G protein inhibition and controlling 

the alpha-1 subunit membrane targeting','Malignant Hyperthermia susceptibility  ( Autosomal 

Dominant Disorder of Skeletal Muscle )','(Gregg et al.,1996)'); 

insert into Channelopedia values ('Calcium (CaV) Channel','Cav β2','CACNB2','Heart, 

Retina','Membrane of smooth Muscle','Cav L-type , β-2 (auxiliary) subunit','Hyperpolarizing 

Shifts ','Lambert-Eaton Myasthenic Syndrome, Brugada Symdrome','(Perez-Reyes et al.,1992) 

(Pichler et al., 1997) (Ball et al., 2002) (Reimer et al., 2000) (Singer et al., 1991)'); 

insert into Channelopedia values ('Calcium (CaV) Channel','Cav β4','CACNB4','Brain, 

predominantly in the Cerebellum, Kidney','Vestibular, Cerebellar Neuronal membrane','Cav L-

type , β-4 (auxiliary) subunit','Shifting the Voltage dependencies of activation and 

inactivation, Modulating G protein inhibition','Idiopathic generalized Epilepsy, Juvenile 

Myoclonic Epilepsy','(Xu et al., 2011) (Ohmori et al., 2008)'); 

insert into Channelopedia values ('Calcium (CaV) Channel','Cav Y2','CACNG2','Brain','Multi-

pass membrane protein','Cav Y-2 (auxiliary) subunit','Regulates the trafficking and gating 

properties of AMPA-selective glutamate receptors','Mental Retardation','(Hamdan et al., 2011) 

(Shi et al., 2010) (Black and Lennon., 1999)'); 

insert into Channelopedia values ('Calcium (CaV) Channel','Cav Y5','CACNG5','Epithelia','Cell 

Junction , Postsynaptic Cell Membrane','Cav Y-5 (auxiliary) subunit','Modulates gating 

properties','Schizophrenia and Bipolar Disorder','(Chen RS. et al., 2007) (Curtis et al., 

2011) (Chu et al., 2001)'); 

insert into Channelopedia values ('Chloride (Clv) Channel','ClvC1','CLCN1','Predominantly 

expressed in Skeletal Muscles','Multi-pass membrane protein','ClvC Type -1. Homodimer. Each 

monomer consist of 18 helical segments','Membrane potential stabilization, Signal Transduction 

and Transepithelial Transport','Autosomal Recessive Myotonia Congenita','(Koch et al., 1992) 

(George et al., 1993) (Lorenz et al., 1994)'); 

insert into Channelopedia values ('Chloride (Clv) Channel','ClvC2','CLCN2','Skeletal 

Muscle','Multi-pass membrane protein','ClvC Type -2. Homodimer. Each monomer consist of 18 

helical segments,','Homeostasis in various Cells','Susceptibility to Epilepsy, Idiopathic 

generalized,   Myoclonic Jerks','(Saint-Martin et al., 2009) (Lamb et al., 1999) (Jeworutzki 

et al., 2012)'); 

insert into Channelopedia values ('Chloride (Clv) Channel','ClvC3','CLCN3','Coronary Vascular 

Smooth Muscle Cells and Expressed at a Low level in Aortic Endothelial Cells','Multi-pass 

membrane protein','ClvC Type -3 ,Homo- or heterodimer. Each monomer consist of 18 helical 

segments','Neuronal cells to establish short-term Memory, Myoclonic Jerks','Juvenile absence 

Epilepsy Type 2, Idiopathic generalized Epilepsy','(Cid et al., 1995) (Lamb et al., 1999)'); 

insert into Channelopedia values ('Chloride (Clv) Channel','ClvC6','CLCN6','Testis, Ovary, 

Small intestine, Brain and Skeletal Muscle','Endosome membrane','_____','Antiporter and 

Contributes to the Acidification of the Lysosome Lumen','Lysosomal storage disease','(Ota et 

al., 2004) (Brandt and Jentsch., 1995) (Eggermont  et.al., 1997) (Lamb et al., 1999) (Ignoul 

et al., 2007) (Poet et al., 2006)'); 

insert into Channelopedia values ('Chloride (Clv) Channel','ClvC7','CLCN7','Brain, Testis, 

Muscle and Kidney','Lysosome membrane, Multi-pass membrane protein','ClvC Type -7. Heteromers 

of  α -(CLCN7) and β-(OSTM1) subunits','Antiporter and Contributes to the Acidification of the 

Lysosome Lumen','Infantile Malignant, Osteopetrosis Type 2, Albers-Schonberg, Disease or 

Marble Disease ','(Schroeder et al., 2007) (Graves et al., 2008) (Leisle et.al., 2011) (Kornak 

et al., 2001)'); 

insert into Channelopedia values ('Chloride (Clv) Channel','ClCa1','CLCA1','Small Intestine, 

Colon, Goblet Cells Testis and Kidney','Localized to Microvilli, Basal Crypt Epithelia, 

Peripheral membrane protein; Extracellular side','_____','Goblet cell, Metaplasia, Mucus 

Hypersecretion, Cystic Fibrosis and AHR','Biomarker in Chronic Asthma, Chronic Obstructive 

Pulmonary Disease','(Gruber et al., 1998) (Bustin et al., 2001) (Hoshino et al., 2002) (Toda 

et al.,2002) (Lee et al., 2005) (Gibson et al., 2005)'); 

insert into Channelopedia values ('Chloride (Clv) Channel','ClCa2','CLCA2','Epithelium 

including Cornea, Esophagus, Larynx','Single-pass type I membrane protein. Basal cell 

membrane; Single-pass type I membrane protein','_____','May act as a Tumor suppressor in 

Breast and Colorectal Cancer, Cell Adhesion','Leukemia, Breast Tumor Suppressor Gene','(Gruber 

et al., 1999) (Bustin et al., 2001) (Abdel-Ghany et al., 2001) (Connon et al., 2005) (Connon 

et al., 2006)'); 

create table Reference (Complete_Reference nvarchar(MAX)); 

insert into Reference values ('Bendahhou, S; Cummins, TR; Kula, RW; Fu, YH; Ptácek, LJ. 

(2002). Impairment of slow inactivation as a common mechanism for periodic paralysis in DIIS4-

S5. Neurology.58(8), 1266-1272.'); 

insert into Reference values ('Biervert, C; Schroeder, BC; Kubisch, C; Berkovic, SF; Propping, 

P; Jentsch, TJ; Steinlein, OK. (1998). A potassium channel mutation in neonatal human 

epilepsy. Science.279(5349), 403-406.'); 
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insert into Reference values ('Bockenhauer, D; Feather, S; Stanescu, HC; Bandulik, S; Zdebik, 

AA; Reichold, M; Tobin, J; Lieberer, E; Sterner, C; Landoure, G; Arora, R; Sirimanna, T; 

Thompson, D; Cross, JH; vant Hoff, W; Al Masri, O; Tullus, K; Yeung, S; Anikster, Y; 

Klootwijk, E; Hubank, M; Dillon, MJ; Heitzmann, D; Arcos-Burgos, M; Knepper, MA; Dobbie, A; 

Gahl, WA; Warth, R; Sheridan, E; Kleta, R. (2009). Epilepsy, ataxia, sensorineural deafness, 

tubulopathy, and KCNJ10 mutations. N Engl J Med.360(19), 1960-1970.'); 

insert into Reference values ('Browne, DL; Gancher, ST; Nutt, JG; Brunt, ER; Smith, EA; 

Kramer, P; Litt, M. (1994). Episodic ataxia/myokymia syndrome is associated with point 

mutations in the human potassium channel gene, KCNA1. Nat Genet. 8(2), 136-140.'); 

insert into Reference values ('Bulman, DE; Scoggan, KA; van Oene, MD; Nicolle, MW; Hahn, AF; 

Tollar, LL; Ebers, GC. (1999). A novel sodium channel mutation in a family with hypokalemic 

periodic paralysis.  Neurology. 53(9), 1932-1936.'); 

insert into Reference values ('Campuzano, O; Beltrán-Alvarez, P; Iglesias, A; Scornik, F; 

Pérez, G; Brugada, R.(2010). Genetics and cardiac channelopathies. Genet Med.12(5), 260-

267.'); 

insert into Reference values ('Castaldo, P; del Giudice, EM; Coppola, G; Pascotto, A; 

Annunziato, L; Taglialatela, M. (2002). Benign familial neonatal convulsions caused by altered 
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4.3 Installation of „Neurological Channelopathic Knowledge Base (NCKB) Software‟ 

into another computer: 

a. Install SQL Server Management Studio 2005 Setup. 

b. Loading of database into computer 

c. Install Neurological Channelopathic Knowledge Base (NCKB) Setup. 

 

a. Installation of SQL Server Management studio 2005:  

i. Open „SQL 2005‟ folder and click on „splash‟. 
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Password: 1234 
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b. Loading of database into computer: 
i. Launch „Microsoft SQL Server Management Studio 2005‟ 

ii. Open „NCKB_SQL_Sript_File‟ and execute it by clicking on „Execute‟ or 

pressing „F5‟. 

 Click on File Open File 

 Select „NCKB_SQL_Script_File‟ and Open 

 Click on „Execute‟ or Press „F5‟ 

 

 

 

 

c. Installation of Neurological Channelopathic Knowledge Base (NCKB) Setup 

i. Open „setup‟ file from the „NCKB‟ folder 

 NCKB  NCKB  Debug  setup 
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RESULTS 

Neurological channelopathic knowledge base (NCKB) can be accessed by opening it through 

Start menuProgram files or by double clicking the short cut of NCKB on desktop.  
Login form has been opened where Login Password has been entered „KnowledgeBase4U‟. 

 

 
 
There were two links for database searching depending on the requirement. 

a. Neurological Channelopedia 

b. Neurological Channelopathies 

 

 
 

a. Neurological Channelopedia 

 
Neurological channelopedia search window 

 

 

 
Neurological channelopedia database search result 
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b. Neurological Channelopathies 

 

 
Neurological channelopathies search window 

 

 

 
Neurological channelopathies database search result 

 

 Menu Bar Items: 

Menu bar items contain the tools required for accessing the software. It has following 

items 

1. File 

2. Biological Databases 

3. Bioinformatics Software Programs 

4. Channel Structure 

5. Channelopathies 

6. Reference Search 

 

1. File Export to Excel 
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2. Biological Databases 

 

 
 

3. Bioinformatics Software Programs 

 
 

4. Channel Structure 
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5. Channelopathies 

 

 
 

6. Reference Search 
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 Exception Handling: 

Exceptions have been handled with the help of „Message Box‟ that will display the error 

message. 
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DISCUSSION AND FUTURE PERSPECTIVE 

Databases, like journals are the crucial element of our research pursuits. Neurological 

Channelopathic Knowledge Base (NCKB) has been serving the purpose of central repository 

for Ion channels and Neurological channelopathies. It is a visual studio based user interface 

programmed software that mediates suitable data retrieval using SQL programming. It has 

been designed with the help of two software that involves „SQL Server Management Studio 

2005‟ and „Microsoft Visual Studio 2008‟. NCKB contains two databases that are 

Neurological Channelopedia and Neurological Channelopathies. Neurological Channelopedia 

possess information about the ion channels while Neurological channelopathic database 

stores the genetic, structural and mechanistic information about the channelopathies. NCKB 

has been coded with Structural query language as well as C# (sharp). NCKB has been 

supplemented with the online available bioinformatic tools that can be accessed from here. 

Another interesting feature is its exceptional security that underlies at three levels. One at 

NCKB software installation in form of a „Product Key‟, another at software access in form of 

„Login Password‟ and finally at the database installation in the form of „SQL connection 

password‟. Moreover exceptions have been handled with care that identified the absolute 

error involved. Last but not the least; it is a user friendly single handed software with 

portability.  

 

One of the most important future perspectives involves the biocuration of vast biological 

heterogeneous data. Major challenge for biocurators is to develop the innovative methods to 

capture, analyse and presentation of biological data. High computational analytical tools are 

going to be the area of interest for the researchers along with the well established data. 

Database integrity with the analytical tools is the essential domain for recent database 

developers. NCKB possess all the features mentioned before. Here for the purpose of sharing 

of biological information, designing of web based applications have significant necessity that 

can be designed with the help of high definition language based java programming provide 

suitable user interface. 



 
 

[91] 

REFERENCES 

Abbott, GW; Butler, MH; Bendahhou, S; Dalakas, MC; Ptacek, LJ; Goldstein, SA. (2001). MiRP2 forms 

potassium channels in skeletal muscle with Kv3.4 and is associated with periodic paralysis. Cell. 

104(2), 217-231. 

Abdel-Ghany, M; Cheng, HC; Elble, RC; Pauli, BU. (2001). The breast cancer beta 4 integrin and endothelial 

human CLCA2 mediate lung metastasis. J. Biol. Chem. 276(27), 25438-25446. 

Adams, PJ; Snutch, TP. (2007). Calcium channelopathies: voltage-gated calcium channels. Subcell 

Biochem. 45, 215-251. 

Adelman, JP; Bond, CT; Pessia, M; Mayliet, J. (1995). Episodic ataxia results from voltage-dependent 

potassium channels with altered functions.Neuron. 15(6), 1449-1454. 

Anyukhovsky, EP; Sosunov, EA; Kryukova, YN; Prestia, K; Ozgen, N; Rivaud, M; Cohen, IS; Robinson, RB; 

Rosen, MR. (2011). Expression of skeletal muscle sodium channel (Nav1.4) or connexin32 prevents 

reperfusion arrhythmias in murine heart. Cardiovascular Res. 89, 41-50. 

Archer, SL; London, B; Hampl, V; Wu, X; Nsair, A; Puttagunta, L; Hashimoto, K; Waite, RE; Michelakis, ED. 

(2001). Impairment of hypoxic pulmonary vasoconstriction in mice lacking the voltage-gated 

potassium channel Kv1.5. FASEB J. 15(10), 1801-1803. 

Arikkath, J; Campbell, KP. (2003). Auxiliary subunits: essential components of the voltage-gated calcium 

channel complex.Curr Opin Neurobiol.13(3), 298-307. 

Armstrong, CM; Hille, B. (1998). Voltage-gated ion channels and electrical excitability. Neuron.20(3), 371-380. 

Audenaert, D; Claes, L; Ceulemans, B; Löfgren, A; Van Broeckhoven, C; De Jonghe, P. (2003). A deletion in 

SCN1B is associated with febrile seizures and early-onset absence epilepsy. Neurology.61(6), 854-856. 

Ball, SL; Powers, PA; Shin, HS; Morgans, CW; Peachey, NS; Gregg, RG. (2002). Role of the beta(2) subunit of 

voltage-dependent calcium channels in the retinal outer plexiform layer. Invest. Ophthalmol. Vis. Sci. 

43, 1595-1603. 

Benatar, M. (2000). Neurological potassium channelopathies. QJM. 93, 787-797. 

Bendahhou, S; Cummins, TR; Kula, RW; Fu, YH; Ptácek, LJ. (2002). Impairment of slow inactivation as a 

common mechanism for periodic paralysis in DIIS4-S5. Neurology.58(8), 1266-1272. 

Bergsman, JB; Wheeler, DB; Tsien, RW. (2000). Classification and function of voltage-gated calcium channels. 

Pharmacology of Ionic Channel Function: Activators and Inhibitors. 147, 55-85. 

Biervert, C; Schroeder, BC; Kubisch, C; Berkovic, SF; Propping, P; Jentsch, TJ; Steinlein, OK. (1998). A 

potassium channel mutation in neonatal human epilepsy. Science.279(5349), 403-406. 

Black, DF. (2006). Sporadic and familial hemiplegic migraine: diagnosis and treatment. Semin Neurol.26(2), 

208-216. 

Black, JL; Lennon, VA. (1999). Identification and cloning of putative human neuronal voltage-gated calcium 

channel gamma-2 and gamma-3 subunits: neurologic implications. Mayo Clin. Proc. 74, 357-361. 

Bockenhauer, D; Feather, S; Stanescu, HC; Bandulik, S; Zdebik, AA; Reichold, M; Tobin, J; Lieberer, 

E; Sterner, C; Landoure, G; Arora, R; Sirimanna, T; Thompson, D; Cross, JH; van't Hoff, W; Al Masri, 

O; Tullus, K; Yeung, S; Anikster, Y; Klootwijk, E; Hubank, M; Dillon, MJ; Heitzmann, D; Arcos-

Burgos, M; Knepper, MA; Dobbie, A; Gahl, WA; Warth, R; Sheridan, E; Kleta, R. (2009). Epilepsy, 

ataxia, sensorineural deafness, tubulopathy, and KCNJ10 mutations. N Engl J Med.360(19), 1960-

1970. 

Bocksteins, E; Labro, AJ; Mayeur, E; Bruynsm, T; Timmermans, JP; Adriaensen, D; Snyders, DJ. (2009). 

Conserved negative charges in the N-terminal tetramerization domain mediate efficient assembly of 

Kv2.1 and Kv2.1/Kv6.4 channels. J Biol Chem.284(46), 31625-31634. 

Brandt, S; Jentsch, TJ. (1995). ClC-6 and ClC-7 are two novel broadly expressed members of the CLC chloride 

channel family. FEBS Lett. 377, 15-20. 

Brew, HM; Hallows, JL; Tempel, BL. (2003). Hyperexcitability and reduced low threshold potassium currents 

in auditory neurons of mice lacking the channel subunit Kv1.1. J Physiol. 548, 1-20. 

Brodie, MJ; Elder, AT; Kwan, P. (2009). Epilepsy in later life. Lancet Neurol. 8(11), 1019-1030. 



 
 

[92] 

Broomfield, SJ; Bruce, IA; Henderson, L; Ramsden, RT; Green, KM. (2012).Cochlear implantation in children 

with Jervell and Lange-Nielsen syndrome - a cautionary tale.Cochlear Implants Int.;13(3),168-172. 

Browne, DL; Gancher, ST; Nutt, JG; Brunt, ER; Smith, EA; Kramer, P; Litt, M. (1994). 

Episodic ataxia/myokymia syndrome is associated with point mutations in the human potassium 

channel gene, KCNA1. Nat Genet. 8(2), 136-140. 

Bulman, DE; Scoggan, KA; van Oene, MD; Nicolle, MW; Hahn, AF; Tollar, LL; Ebers, GC. (1999). A novel 

sodium channel mutation in a family with hypokalemic periodic paralysis.  Neurology. 53(9), 1932-

1936. 

Bustin, SA; Li, SR; Dorudi, S. (2001). Expression of the Ca2+-activated chloride channel genes CLCA1 and 

CLCA2 is downregulated in human colorectal cancer. DNA Cell Biol. 20, 331-338. 

Campbell, KP; Leung, AT; Sharp, AH. (1988). The biochemistry and molecular biology of the dihydropyridine-

sensitive calcium channel. Trends Neurosci.11(10), 425-430. 

Campuzano, O; Beltrán-Alvarez, P; Iglesias, A; Scornik, F; Pérez, G; Brugada, R.(2010). Genetics and cardiac 

channelopathies. Genet Med.12(5), 260-267. 

Cannon, SC; BROWN, RH, JR; COREY, DP. (1991). A sodiumchannel defect in hyperkalemic periodic 

paralysis: potassiuminducedfailure of inactivation. Neuron.6, 619–626. 

Carbone, E; Lux, HD. (1984). A low voltage-activated, fully inactivating Ca channel in vertebrate sensory 

neurones. Nature. 310(5977), 501-502. 

Carmen, RV; Argelia, MD; Bin, Ye; Win-Kuang, S; Timothy, JA; Michael, JA; Jonathan, CM. (2010). Loss-of-

function mutation of the SCN3B-encoded sodium channel b3 subunit associated with a case of 

idiopathic ventricular fibrillation. Cardiovascular Research. 86, 392–400. 

Casadei, JM; Gordon, RD; Barchi, RL. (1986). Immunoaffinityisolation of Na+ channels from rat skeletal 

muscle. Analysisof subunits. J Biol Chem.261, 4318–4323. 

Castaldo, P; del Giudice, EM; Coppola, G; Pascotto, A; Annunziato, L; Taglialatela, M. (2002). Benign familial 

neonatal convulsions caused by altered gating of KCNQ2/KCNQ3 potassium channels. J 

Neurosci.22(2), RC199. 

Catterall, WA. (1988). Molecular properties of voltage-sensitive sodium and calcium channels. Braz J Med Biol 

Res.21(6), 1129-1144. 

Catterall, WA; Curtis, BM. (1987). Molecular properties of voltage-sensitive calcium channels. Soc Gen Physiol 

Ser. 41, 201-213. 

Catterall, WA; Dib-Hajj, S; Meisler, MH; Pietrobon, D. (2008). Inherited neuronal ion channelopathies: new 

windows on complex neurological diseases. J Neurosci.28(46), 11768-11777. 

Catterall, WA; Kalume, F; Oakley, JC. (2010). NaV1.1 channels and epilepsy. J Physiol.588(Pt 11), 1849-1859. 

Cestele, S; Scalmani, P; Rusconi, R; Terragni, B; Franceschetti, S; Mantegazza, M. (2008). Self-limited 

hyperexcitability: functional effect of a familial hemiplegic migraine mutation of the Nav1.1 (SCN1A) 

Na+ channel. J Neurosci. 28(29), 7273-7283. 

Chandy, KG; Wulff, H; Beeton, C; Pennington, M; Gutman, GA; Cahalan, MD. (2004). K+ channels as targets 

for specific immunomodulation. Trends Pharmacol Sci. 25(5), 280-289. 

Chang, BS; Lowenstein, DH. (2003). Epilepsy. N Engl J Med.349(13), 1257-1266. 

Charlier, C; Singh, NA; Ryan, SG; Lewis, TB; Reus, BE; Leach, RJ; Leppert, M. (1998). A pore mutation in a 

novel KQT-like potassium channel gene in an idiopathic epilepsy family.Nat Genet. 18(1), 53-55. 

Charpentier, F; Baudet, S; Le Marec, H. (1991). Triggered activity as a possible mechanism for arrhythmias in 

ventricular hypertrophy. Pacing Clin Electrophysiol.14(11 Pt 2), 1735-1741. 

Chen, H; Piedras-Rentería, ES. (2007). Altered frequency-dependent inactivation and steady-state inactivation 

of polyglutamine-expanded alpha1A in SCA6. Am. J. Physiol., Cell Physiol. 292(3), C1078-C1086. 

Chen, Q; Zhang, D; Gingell, RL; Moss, AJ; Napolitano, C; Priori, SG; Schwartz, PJ; Kehoe, E; Robinson, 

JL; Schulze-Bahr, E; Wang, Q; Towbin, JA. (1999). Homozygous deletion in KVLQT1 associated with 

Jervell and Lange-Nielsen syndrome. Circulation.99(10), 1344-1347. 

Chen, RS; Deng, TC; Garcia, T; Sellers, ZM; Best, PM. (2007). Calcium channel gamma subunits: a 

functionally diverse protein family. Cell Biochem. Biophys. 47, 178-186. 

Choi, JS; Boralevi, F; Brissaud, O; Sánchez-Martín, J; Te Morsche, RH; Dib-Hajj, SD; Drenth, JP; Waxman, 

SG. (2011).Paroxysmal extreme pain disorder: a molecular lesion of peripheral neurons. Nat Rev 

Neurol.7(1), 51-55. 



 
 

[93] 

Chow, A; Erisir, A; Farb, C; Nadal, MS; Ozaita, A; Lau, D; Welker, E; Rudy, B. (1999). K(+) channel 

expression distinguishes subpopulations of parvalbumin- and somatostatin-containing neocortical 

interneuron. J. Neurosci. 19, 9332-9345. 

Chu, PJ; Robertson, HM; Best, PM. (2001). Calcium channel gamma subunits provide insights into the 

evolution of this gene family. Gene. 280, 37-48. 

Chung, HJ; Jan, YN; Jan, LY. (2006). Polarized axonal surface expression of neuronal KCNQ channels is 

mediated by multiple signals in the KCNQ2 and KCNQ3 C-terminal domains. Proc Natl Acad Sci. 

103(23), 8870-8875. 

Cid, LP; Montrose-Rafizadeh, C; Smith, DI; Guggino, WB; Cutting, GR. (1995). Cloning of a putative human 

voltage-gated chloride channel (ClC-2) cDNA widely expressed in human tissues. Hum. Mol. Genet. 4, 

407-413. 

Cidad, P; Jiménez-Pérez, L; García-Arribas, D; Miguel-Velado, E; Tajada, S; Ruiz-McDavitt, C; López-López, 

JR; Pérez-García, MT. (2012). Kv1.3 channels can modulate cell proliferation during phenotypic 

switch by an ion-flux independent mechanism. Arterioscler Thromb Vasc Biol. 32(5), 1299-1307. 

Colding-Jorgensen, E. (2005). Phenotypic variability in myotonia congenita.Muscle Nerve. 32(1), 19-34. 

Connon, CJ; Kawasaki, S; Liles, M; Koizumi, N; Yamasaki, K; Nakamura, T; Quantock, AJ; Kinoshita, S. 

(2006). Gene expression and immunolocalisation of a calcium-activated chloride channel during the 

stratification of cultivated and developing corneal epithelium. Cell Tissue Res. 323, 177-182. 

Connon, CJ; Kawasaki, S; Yamasaki, K; Quantock, AJ; Kinoshita, S. (2005). The quantification of hCLCA2 

and colocalisation with integrin beta4 in stratified human epithelia. ActaHistochem. 106, 421-425. 

Cox, JJ; Reimann, F; Nicholas, AK; Thornton, G; Roberts, E; Springell, K; Karbani, G; Jafri, H; Mannan, 

J; Raashid, Y; Al-Gazali, L; Hamamy, H; Valente, EM; Gorman, S; Williams, R; McHale, DP; Wood, 

JN; Gribble, FM; Woods, CG. (2006). An SCN9A channelopathy causes congenital inability to 

experience pain. Nature.444(7121), 894-898. 

Cox, JJ; Sheynin, J; Shorer, Z; Reimann, F; Nicholas, AK; Zubovic, L; Baralle, M; Wraige, E; Manor, E; Levy, 

J; Woods, CG; Parvari, R. (2010). Congenital Insensitivity to Pain: Novel SCN9A Missense and In-

Frame Deletion Mutations. Hum Mutat. 31(9), 1670–1686. 

Cregg, R; Laguda, B; Werdehausen, R; Cox, JJ; Linley, JE; Ramirez, JD; Bodi, I; Markiewicz, M; Howell, 

KJ; Chen, YC; Agnew, K; Houlden, H; Lunn, MP; Bennett, DL; Wood, JN; Kinali, M. (2013).Novel 

Mutations Mapping to the Fourth Sodium Channel Domain of Nav1.7 Result in Variable Clinical 

Manifestations of Primary Erythromelalgia. Neuromolecular Med. 15(2), 265-278. 

Cummins, TR; Bendahhou, S. (2009). Inherited disorders ofskeletal muscle caused by voltage-gated sodium 

channelmutations. In Biophysics of Ion Channels and Diseases, ed.Duclohier H, pp. 153–176. 

Cummins, TR; Dib-Hajj, SD; Waxman, SG. (2004). Electrophysiological properties of mutant Nav1.7 sodium 

channels in a painful inherited neuropathy. J Neurosci.24(38), 8232-8236. 

Curtis, D; Vine, AE; McQuillin A; Bass, NJ; Pereira, A; Kandaswamy, R; Lawrence, J; Anjorin, A; Choudhury, 

K; Datta, SR; Puri, V; Krasucki, R; Pimm, J; Thirumalai, S; Quested, D; Gurling, HM. (2011). Case-

case genome-wide association analysis shows markers differentially associated with schizophrenia and 

bipolar disorder and implicates calcium channel genes. Psychiatr. Genet. 21, 1-4. 

Dabby, R. (2012). Pain disorders and erythromelalgia caused by voltage-gated sodium channel mutations. Curr 

Neurol Neurosci Rep.12(1), 76-83. 

Danziger, N; Willer, JC. (2009). [Congenital insensitivity to pain]. Rev Neurol (Paris).165(2), 129-136. 

De Fusco, M; Marconi, R; Silvestri, L; Atorino, L; Rampoldi, L; Morgante, L; Ballabio, A; Aridon, P; Casari, 

G. (2003). Haploinsufficiency of ATP1A2 encoding the Na+/K+ pump alpha2 subunit associated with 

familial hemiplegic migraine type 2. Nat Genet. 33(2), 192-196. 

De Jongh, KS; Warner, C; Catterall, WA. (1990). Subunits of purified calcium channels. Alpha 2 and delta are 

encoded by the same gene. J Biol Chem. 265(25), 14738-14741. 

Debanne, D; Campanac, E; Bialowas, A; Carlier, E; Alcaraz, G. (2011). Axon physiology. Physiol Rev. 91(2), 

555-602. 

Demirkiran, M; Jankovic, J. (1995). Paroxysmal dyskinesias: clinical features and classification. Ann 

Neurol.38(4), 571-579. 

Denier, C; Ducros, A; Vahedi, K; Joutel, A; Thierry, P; Ritz, A; Castelnovo, G; Deonna, T; Gérard, P; Devoize, 

JL; Gayou, A; Perrouty, B; Soisson, T; Autret, A; Warter, JM; Vighetto, A; Van Bogaert, 



 
 

[94] 

P; Alamowitch, S; Roullet, E; Tournier-Lasserve, E. (1999). High prevalence of CACNA1A 

truncations and broader clinical spectrum in episodic ataxia type 2. Neurology. 52(9), 1816-1821. 

Dib-Hajj, SD; Cummins, TR; Black, JA; Waxman, SG. (2007). From genes to pain: Na v 1.7 and human pain 

disorders. Trends Neurosci. 30(11), 555-563. 

Dib-Hajj, SD; Estacion, M; Jarecki, BW; Tyrrell, L; Fisher, TZ; Lawden, M; Cummins, TR; Waxman, SG. 

(2008) Paroxysmal extreme pain disorderM1627K mutations in human Nav1.7 renders DRG neurons 

hyperexcitable.Mol Pain.4,37. 

Dib-Hajj, SD; Rush, AM; Cummins, TR; Hisama, FM; Novella, S; Tyrrell, L; Marshall, L; Waxman, SG. 

(2005). Gain-of-function mutation in Nav1.7 in familial erythromelalgia induces bursting of sensory 

neurons. Brain. 128(Pt 8), 1847-1854. 

Dichgans, M; Freilinger, T; Eckstein, G; Babini, E; Lorenz-Depiereux, B; Biskup,, S; Ferrari, MD; Herzog, 

J; van den Maagdenberg, AM; Pusch, M; Strom, TM. (2005a). Mutation in the neuronal voltage-gated 

sodium channel SCN1A in familial hemiplegic migraine. Lancet.366(9483), 371-377. 

Dichgans, M; Herzog, J; Freilinger, T; Wilke, M; Auer, DP. (2005b). 1H-MRS alterations in the cerebellum of 

patients with familial hemiplegic migraine type 1. Neurology.64(4), 608-613. 

Donaldson, MR; Yoon, G; Fu, YH; Ptacek, LJ. (2004). Andersen-Tawil syndrome: a model of clinical 

variability, pleiotropy, and genetic heterogeneity. Ann Med. 36 Suppl 1, 92-97. 

Drenth, JP; te Morsche, RH; Guillet, G; Taieb, A; Kirby, RL; Jansen, JB. (2005). SCN9A mutations define 

primary erythermalgia as a neuropathic disorder of voltage gated sodium channels. J Invest 

Dermatol.124(6), 1333-1338. 

Du, W; Bautista, JF; Yang, H; Diez-Sampedro, A; You, SA; Wang, L; Kotagal, P; Lüders, HO; Shi, J; Cui, 

J; Richerson, GB; Wang, QK. (2005). Calcium-sensitive potassium channelopathy in human epilepsy 

and paroxysmal movement disorder. Nat Genet.37(7), 733-738. 

Dube, CM; Brewster, AL; Barama, TZ. (2009). Febrile seizures: Mechanisms and relationship to epilepsy. Brain 

Dev. 31(5), 366–371. 

Ducros, A; Denier, C; Joutel, A; Cecillon, M; Lescoat, C; Vahedi, K; Darcel, F; Vicaut, E; Bousser, 

MG; Tournier-Lasserve, E. (2001). The clinical spectrum of familial hemiplegic migraine associated 

with mutations in a neuronal calcium channel. N Engl J Med. 345(1), 17-24. 

Duran, C; Thompson, CH; Xiao, Q; Hartzell, C. (2010). Chloride Channels: Often enigmatic, rarely predictable. 

Annu Rev Physiol. 72, 95–121. 

Dutzler, R; Campbell, EB; Cadene, M; Chait, BT; MacKinnon, R. (2002). X-ray structure of a ClC chloride 

channel at 3.0 A reveals the molecular basis of anion selectivity. Nature.415(6869), 287-294. 

Dyck, PJ; Mellinger, JF; Reagan, TJ; Horowitz, SJ; McDonald, JW; Litchy, WJ; Daube, JR; Fealey, RD; Go, 

VL; Kao, PC; Brimijoin, WS; Lambert, EH. (1983). Not 'indifference to pain' but varieties of 

hereditary sensory and autonomic neuropathy. Brain.106 (Pt 2), 373-390. 

Eberst, R; Dai, S; Klugbauer, N; Hofmann, F. (1997). Identification and functional characterization of a calcium 

channel gamma subunit. Pflugers Arch.433(5), 633-637. 

Eggermont, J; Buyse, G; Voets, T; Tytgat, J; De Smedt, H; Droogmans, G; Nilius, B. (1997). Alternative 

splicing of ClC-6 (a member of the ClC chloride-channel family) transcripts generates three truncated 

isoforms one of which, ClC-6c, is kidney-specific. Biochem. J. 325, 269-276. 

Escayg, A; De Waard, M; Lee, DD; Bichet, D; Wolf, P; Mayer, T; Johnston, J; Baloh, R; Sander, T; Meisler, 

MH. (2000). Coding and noncoding variation of the human calcium-channel beta4-subunit gene 

CACNB4 in patients with idiopathic generalized epilepsy and episodic ataxia. Am J Hum Genet.66(5), 

1531-1539. 

Espinosa, F; Torres-Vega, MA; Marks, GA; Joho, RH. (2008). Ablation of Kv3.1 and Kv3.3 potassium 

channels disrupts thalamocortical oscillations in vitro and in vivo. J Neurosci. 28(21), 5570-5581. 

Estacion, M; Gasser, A; Dib-Hajj, SD; Waxman, SG. (2010). A sodium channel mutation linked to epilepsy 

increases ramp and persistent current of Nav1.3 and induces hyperexcitability in hippocampal neurons. 

Exp Neurol. 224(2), 362-368. 

Estacion, M; Han, C; Choi, JS; Hoeijmakers, JG; Lauria, G; Drenth, JP; Gerrits, MM; Dib-Hajj, SD; Faber, 

CG;, Merkies, IS; Waxman, SG. (2011). Intra- and interfamily phenotypic diversity in pain syndromes 

associated with a gain-of-function variant of NaV1.7. Mol Pain.7, 92. 

Eunson, LH; Rea, R; Zuberi, SM; Youroukos, S; Panayiotopoulos, CP; Liguori, R; Avoni, P; McWilliam, 

RC; Stephenson, JB; Hanna, MG; Kullmann, DM; Spauschus, A. (2000). Clinical, genetic, and 



 
 

[95] 

expression studies of mutations in the potassium channel gene KCNA1 reveal new phenotypic 

variability. Annals of Neurology.48(4), 647-656. 

Faber, CG; Lauria, G; Merkies, IS; Cheng, X; Han, C; Ahn, HS; Persson, AK; Hoeijmakers, JG; Gerrits, 

MM; Pierro, T; Lombardi, R; Kapetis, D; Dib-Hajj, SD; Waxman, SG. (2012). Gain-of-function 

Nav1.8 mutations in painful neuropathy. Proc Natl Acad Sci U S A. 109(47), 19444-19449. 

Fazio, B. (1988). [Steinert's myotonic dystrophy. Attempts at therapy].Minerva Med. 79(2), 137-140. 

Fedida, D; Eldstrom, J; Hesketh, JC; Lamorgese, M; Castel, L; Steele, DF; Van Wagoner, DR. (2003). Kv1.5 is 

an important component of repolarizing K+ current in canine atrial myocytes. Circ Res. 93(8), 744-

751. 

Fenton, FH; Cherry, EM; Glass, L. (2008). Cardiac arrhythmia.Scholarpedia.3(7), 1665. 

Fertleman, CR; Ferrie, CD. (2006). What's in a name--familial rectal pain syndrome becomes paroxysmal 

extreme pain disorder. J Neurol Neurosurg Psychiatry. 77(11), 1294-1295. 

Fertleman, CR; Ferrie, CD; Aicardi, J; Bednarek, NA; Eeg-Olofsson, O; Elmslie, FV; Griesemer, 

DA; Goutières, F; Kirkpatrick, M; Malmros, IN; Pollitzer, M; Rossiter, M;Roulet-Perez, E; Schubert, 

R; Smith, VV; Testard, H; Wong, V; Stephenson, JB. (2007). Paroxysmal extreme pain disorder 

(previously familial rectal pain syndrome). Neurology.69(6), 586-595. 

Finol-Urdaneta,  RK; Strüver, N; Terlau, H. (2006). Molecular and Functional Differences between Heart 

mKv1.7 Channel Isoforms. J Gen Physiol. 128(1), 133-145. 

Fischer, TZ; Waxman, SG. (2010). Familial pain syndromes from mutations of the NaV1.7 sodium channel. 

Ann N Y Acad Sci.1184, 196-207. 

Fontaine, B; Khurana, TS; Hoffman, EP; Bruns, GA; Haines, JL; Trofatter, JA; Hanson, MP; Rich, 

J; McFarlane, H; Yasek, DM; et al. (1990). Hyperkalemic periodic paralysis and the adult muscle 

sodium channel alpha-subunit gene. Science.250(4983), 1000-1002. 

Freedman, BD; Price, MA; Deutsch, CJ. (1992). Evidence for voltage modulation of IL-

2 production in mitogen-stimulatedhuman peripheral blood lymphocytes. J. Immunol. 149(12), 3784-

3794. 

Freudenthal, B; Kulaveerasingam, D; Lingappa, L; Shah, MA; Brueton, L; Wassmer, E; Ognjanovic, 

M; Dorison, N; Reichold, M; Bockenhauer, D; Kleta, R; Zdebik, AA. (2011). KCNJ10 Mutations 

Disrupt Function in Patients with EAST Syndrome. Nephron Physiol. 119(3), p40-p48. 

Fujiwara, T. (2006). Clinical spectrum of mutations in SCN1A gene: severe myoclonic epilepsy in infancy and 

related epilepsies. Epilepsy Res.70 Suppl 1, S223-S230. 

Gaztanaga, L; Marchlinskia, FE; Betensky, BP. (2012). Mechanisms of Cardiac Arrhythmias. Rev Esp Cardiol. 

65(2),174-185. 

George, AL; Crackower, MA; Abdalla, JA; Hudson, AJ; Ebers, GC.  (1993). Molecular basis of Thomsen's 

disease (autosomal dominant myotoniacongenita). Nat. Genet. 3, 305-310. 

Gibson, A; Lewis, AP; Affleck, K; Aitken, AJ; Meldrum, E; Thompson, N. (2005). hCLCA1 and mCLCA3 are 

secreted non-integral membrane proteins and therefore are not ion channels. J. Biol. Chem. 280, 27205-

27212. 

Gobrit, N; Le Bouter, S; Szuts, V; Varro, A; Escande, D; Nattel, S; Demolombe, S. (2007). Regional and tissue 

specific transcript signatures of ion channel genes in the non-diseased human heart. J Physiol. 582(Pt 

2), 675-693. 

Goldberg, YP; MacFarlane, J; MacDonald, ML; Thompson, J; Dube, MP; Mattice, M; Fraser, R; Young, 

C; Hossain, S; Pape, T; Payne, B; Radomski, C; Donaldson, G; Ives, E; Cox, J; Younghusband, 

HB; Green, R; Duff, A; Boltshauser, E; Grinspan, GA; Dimon, JH; Sibley, BG; Andria, G; Toscano, 

E; Kerdraon, J; Bowsher, D; Pimstone, SN; Samuels, ME; Sherrington, R; Hayden, MR. (2007). Loss-

of-function mutations in the Nav1.7 gene underlie congenital indifference to pain in multiple human 

populations. Clin Genet. 71(4), 311-319. 

Goymer, P. (2007). Synonymous mutations break their silence. Nature Reviews Genetics,8, 92. 

Graves, AR; Curran, PK; Smith, CL; Mindell, JA. (2008). The Cl-/H+ antiporter ClC-7 is the primary chloride 

permeation pathway in lysosomes. Nature.  453, 788-792. 

Graves, TD; Hanna, MG. (2005). Neurological channelopathies. Postgrad Med J. 81(951), 20-32. 

Gregg, RG; Messing, A; Strube, C; Beurg, M; Moss, R; Behan, M; Sukhareva, M; Haynes, S; Powell, 

JA; Coronado, R; Powers, PA. (1996). Absence of the beta subunit (cchb1) of the skeletal muscle 



 
 

[96] 

dihydropyridine receptor alters expression of the alpha 1 subunit and eliminates excitation-contraction 

coupling. Proc. Natl. Acad. Sci. 93, 13961-13966. 

Gritz, SM; Radcliffe, RA. (2013). Genetic effects of ATP1A2 in familial hemiplegic migraine type II and 

animal models. Hum Genomics. 7, 8. 

Groot, MD; Reijneveld, JC; Aronica, E; Heimans, JJ. (2012). Epilepsy in patients with a brain tumour: 

focalepilepsy requires focused treatment.Brain. 135; 1002–1016. 

Gruber, AD; Elble, RC; Ji, HL; Schreur, KD; Fuller, CM; Pauli, BU. (1998). Genomic cloning, molecular 

characterization, and functional analysis of human CLCA1, the first human member of the family of 

Ca2+-activated Cl- channel proteins.  Genomics. 54, 200-214. 

Gruber, AD; Schreur, KD; Ji, HL; Fuller, CM; Pauli, BU. (1999). Molecular cloning and transmembrane 

structure of hCLCA2 from human lung, trachea, and mammary gland. Am. J. Physiol. 276, C1261-

C1270. 

Gulbis, JM; Mann, S; MacKinnon, R. (1999). Structure of a voltage-dependent K+ channel beta subunit. 

Cell.97(7), 943-952. 

Haass, A; Ricker, K; Rüdel, R; Lehmann-Horn, F; Böhlen, R; Dengler, R; Mertens, HG. (1981). Clinical study 

of paramyotonia congenita with and without myotonia in a warm environment. Muscle Nerve.4(5), 

388-395. 

Hagiwara, N; Irisawa, H; Kameyama, M. (1988). Contribution of two types of calcium currents to the 

pacemaker potentials of rabbit sino-atrial node cells. J. Physiol. 395, 233-253. 

Hamdan, FF; Gauthier, J; Araki, Y; Lin, DT; Yoshizawa, Y; Higashi, K; Park, AR; Spiegelman, 

D; Dobrzeniecka, S; Piton, A; Tomitori, H; Daoud, H; Massicotte, C; Henrion, E; Diallo, O; Shekarabi, 

M; Marineau, C; Shevell, M;  Michaud, JL. (2011). Excess of de novo deleterious mutations in genes 

associated with glutamatergic systems in nonsyndromic intellectual disability. Am. J. Hum. Genet. 88, 

306-316. 

Han, JY; Kim, JB.(2011).Familial hyperkalemic periodic paralysis caused by a de novo mutation in the sodium 

channel gene SCN4A.Korean J Pediatr.54(11), 470–472. 

Harper, PS; Johnston, DM. (1972). Recessively inherited myotonia congenita. J Med Genet.9(2), 213-215. 

Heine, R; Pika, U; Lehmann-Horn, F. (1993). A novel SCN4A mutation causing myotonia aggravated by cold 

and potassium. Hum Mol Genet.2(9), 1349-1353. 

Hoshino, M; Morita, S; Iwashita, H; Sagiya, Y; Nagi, T; Nakanishi, A; Ashida, Y; Nishimura, O; Fujisawa, 

Y; Fujino, M. (2002). Increased expression of the human Ca2+-activated Cl- channel 1 (CaCC1) gene 

in the asthmatic airway. Am. J. Respir. Crit. Care Med. 165, 1132-1136. 

Hourez, R; Servais, L; Orduz, D; Gall, D; Millard, I; de Kerchove d'Exaerde, A; Cheron, G; Orr, HT; Pandolfo, 

M; Schiffmann SN. (2011). Aminopyridines correct early dysfunction and delay neurodegeneration in 

a mouse model of spinocerebellar ataxia type 1. J Neurosci. 31(33), 11795-11807. 

Hu, D; Barajas-Martinez, H; Burashnikov, E; Springer, M; Wu; Varro, A; Pfeiffer, R; Koopmann, TT; Cordeiro, 

JM; Guerchicoff, A; Pollevick, GD; Antzelevitch, C. (2009). A mutation in the beta 3 subunit of the 

cardiac sodium channel associated with Brugada ECG phenotype. Circ Cardiovasc Genet. 2(3), 270-

278. 

Hu, D; Barajas-Martinez, H; Nesterenko, VV; Pfeiffer, R; Guerchicoff, A; Cordeiro, JM; Curtis, AB; Pollevick, 

GD; Wu, Y; Burashnikov, E; Antzelevitch, C. (2010). Dual variation in SCN5A and CACNB2b 

underlies the development of cardiac conduction disease without Brugada syndrome. Pacing Clin 

Electrophysiol. 33(3), 274-285. 

Huguenard, JR. (1996). Low-threshold calcium currents in central nervous system neurons. Annu. Rev. Physiol. 

58, 329-348. 

Hyde, SC; Emsley, P; Hartshorn, MJ; Mimmack, MM; Gileadi, U; Pearce, SR; Gallagher, MP; Gill, 

DR; Hubbard, RE; Higgins, CF. (1990). Structural model of ATP-binding proteins associated with 

cystic fibrosis, multidrug resistance and bacterial transport. Nature.346(6282), 362-365. 

Ignoul, S; Simaels, J; Hermans, D; Annaert, W; Eggermont. (2007). Human ClC-6 is a late endosomal 

glycoprotein that associates with detergent-resistant lipid domains. J. PLoS ONE. 2, E474-E474. 

Imbrici, P; Eunson, LH; Graves, TD; Bhatia, KP; Wadia, NH; Kullmann, DM; Hanna, MG. (2005). Late-onset 

episodic ataxia type 2 due to an in-frame insertion in CACNA1A. Neurology.65(6), 944-946. 



 
 

[97] 

Iqbal, J; Bhat, MI; Charoo, BA; Syed, WA; Sheikh, MA; Bhat, I: (2009). 

Experiencewithoralmexiletineinprimaryerythromelalgiainchildren.AnnSaudiMed.29(4), 316-318. 

 

Ishiguro, T; Ishikawa, K; Takahashi, M; Obayashi, M; Amino, T; Sato, N; Sakamoto, M; Fujigasaki, 

H; Tsuruta, F; Dolmetsch, R; Arai, T; Sasaki, H; Nagashima, K; Kato, T;Yamada, M; Takahashi, 

H; Hashizume, Y; Mizusawa, H. (2010). The carboxy-terminal fragment of alpha(1A) calcium channel 

preferentially aggregates in the cytoplasm of human spinocerebellar ataxia type 6 Purkinje cells. Acta 

Neuropathol.119(4), 447-464. 

Jen JC. Familial Hemiplegic Migraine. (2001) Jul 17 [Updated 2009 Sep 8]. In: Pagon RA, Adam MP, Bird TD, 

et al., editors. GeneReviews™ [Internet]. Seattle (WA): University of Washington, Seattle; 1993-

2013. Available from: http://www.ncbi.nlm.nih.gov/books/NBK1388/ 

Jen, JC; Graves, TD; Hess, EJ; Hanna, MG; Griggs, RC; Baloh, RW; CINCH investigators. (2007). Primary 

episodic ataxias: diagnosis, pathogenesis and treatment. Brain.130(Pt 10), 2484-2493. 

Jen, JC; Wan, J; Palos, TP; Howard, BD; Baloh, RW. (2005). Mutation in the glutamate transporter EAAT1 

causes episodic ataxia, hemiplegia, and seizures. Neurology. 65(4), 529-534. 

Jentsch, TJ; Günther, W; Pusch, M; Schwappach, B. (1995). Properties of voltage-gated chloride channels of the 

ClC gene family. J Physiol.482, 19S-25S. 

Jentsch, TJ; Stein, V; Weinreich, F; Zdebik, AA. (2002). Molecular structure and physiological function of 

chloride channels. Physiol Rev.82(2), 503-568. 

Jeworutzki, E; López-Hernández, T; Capdevila-Nortes, X; Sirisi, S; Bengtsson, L; Montolio, M; Zifarelli, 

G; Arnedo, T; Müller, CS; Schulte, U; Nunes, V; Martínez, A; Jentsch, TJ; Gasull, X; Pusch, 

M; Estévez, R. (2012). GlialCAM, a protein defective in a leukodystrophy, serves as a ClC-2 Cl(-) 

channel auxiliary subunit. Neuron. 73(5), 951-961. 

Jo, A; Nam, YJ; Oh, JY; Cheon, HS; Jeromin, A; Lee, JA; Kim, HK. (2010). Dendritic localization and a cis-

acting dendritic targeting element of Kv4.2 Mrna. BMB Rep. 43(10), 677-682. 

Johnston,  J; Griffin, SJ; Baker, C; Skrzypiec, A; Chernova, T; Forsythe, ID. (2008). Initial 

segment Kv2.2 channels mediate a slow delayed rectifier and maintain high frequencyaction potential 

firing in medial nucleus of the trapezoid body neurons. J Physiol. 586(14), 3493-3509. 

Jurkat-Rott, K; Lehmann-Horn, F; Elbaz, A; Heine, R; Gregg, RG; Hogan, K; Powers, PA; Lapie, P; Vale-

Santos, JE; Weissenbach, J; et al. (1994). A calcium channel mutation causing hypokalemic periodic 

paralysis. Hum Mol Genet.3(8), 1415-1419. 

Jurkat-Rott, K; Mitrovic, N; Hang, C; Kouzmekine, A; Iaizzo, P; Herzog, J; Lerche, H; Nicole, S; Vale-Santos, 

J; Chauveau, D; Fontaine, B; Lehmann-Horn, F. (2000). Voltage-sensor sodium channel mutations 

cause hypokalemic periodic paralysis type 2 by enhanced inactivation and reduced current. Proc Natl 

Acad Sci U S A.97(17), 9549-9554. 

Jurkat-Rott, K; Weber, MA; Fauler, M; Guo, XH; Holzherr, BD; Paczulla, A; Nordsborg, N; Joechle, 

W; Lehmann-Horn, F. (2009). K+-dependent paradoxical membrane depolarization and Na+ overload, 

major and reversible contributors to weakness by ion channel leaks. Proc Natl Acad Sci U S 

A. 106(10), 4036-4041. 

Junker, J; Haverkamp, W; Schulze-Bahr, E; Eckardt, L; Paulus, W; Kiefer, R. (2002). Amiodarone and 

acetazolamide for the treatment of genetically confirmed severe Andersen syndrome. Neurology. 59(3), 

466. 

Kaczorowski, GJ; McManus, OB; Priest, BT; Garcia, ML. (2008). Ion Channels as Drug Targets: The Next 

GPCRs. J Gen Physiol. 131(5), 399–405. 

Kalume, F; Yu, FH; Westenbroek, RE; Scheuer, T; Catterall, WA. (2007). Reduced sodium current in Purkinje 

neurons from Nav1.1 mutant mice: implications for ataxia in severe myoclonic epilepsy in infancy. J 

Neurosci. 27(41), 11065-11074. 

Kameda, K; Fukao, M; Kobayashi, T; Tsutsuura, M; Nagashima, M; Yamada, Y; Yamashita, TT. (2006). 

N CSN5/Jab1 inhibits cardiac L-type Ca2+ channel activity through protein-protein interactions. J. 

Mol. Cell. Cardiol.  40, 562-569. 

Kang, JQ; Shen, W; Macdonald, RL. (2006). Why Does Fever Trigger Febrile Seizures? GABAA Receptor γ2 

Subunit Mutations Associated with Idiopathic Generalized Epilepsies Have Temperature-Dependent 

Trafficking Deficiencies.JNEUROSCI. 26(9), 2590-2597. 



 
 

[98] 

Kariev, AM; Green, ME. (2012). Voltage gated ion channel function: gating, conduction, and the role of water 

and protons. Int J Mol Sci.13(2), 1680-1709. 

Kashuba, VI; Kashuba, KSM; Protopopov, AI; Gizatullin, RZ; Rynditch, AV; Wahlestedt, C; Wasserman, 

WW; Zabarovsky, ER. (2001). Initial isolation and analysis of the human Kv1.7 (KCNA7) gene, a 

member of the voltage-gated potassium channel gene family.Gene. 268(1-2), 115-122. 

Kearney, JA; Plummer, NW; Smith, MR; Kapur, J; Cummins, TR; Waxman, SG; Goldin, AL; Meisler, MH. 

(2001). A gain-of-function mutation in the sodium channel gene Scn2a results in seizures and 

behavioral abnormalities. Neuroscience. 102(2), 307-317. 

Kharkovets, T; Hardelin, JP; Safieddine, S; Schweizer, M; El-Amraoui, A; Petit, C; Jentsch, TJ. (2000). 

KCNQ4, a K+ channel mutated in a form of dominant deafness, is expressed in the inner ear and the 

central auditory pathway. 97(8), 4333-4338. 

Kihira, H; Hermanstyne, TO; Misonou, H. (2010). Formation of heteromeric Kv2 channels in mammalian brain 

neurons. J. Biol. 285, 15048-15055. 

Kim, D; Park, D; Choi, S; Lee, S; Sun, M; Kim, C; Shin, HS. (2003). Thalamic control of visceral nociception 

mediated by T-type Ca2+ channels. Science. 302(5642), 117-119. 

Kim, DS; Kim, EJ; Jung, DS; Park, KH; Kim, IJ; Kwak, KY; Kim, CM; Ko, HY. (2002). A Korean family with 

Arg1448Cys mutation of SCN4A channel causing paramyotonia congenita: electrophysiologic, 

histopathologic, and molecular genetic studies. J Korean Med Sci. 17(6), 856-860. 

Kim, SH; Kim, UK; Chae, JJ; Kim, DJ; Oh, HY; Kim, BJ; Lee, CC. (2001). Identification of mutations 

including de novo mutations in Korean patients with hypokalaemic periodic paralysis. Nephrol. Dial. 

Transplant. 16, 939-944. 

Kirsch, GE. (1999). Ion Channel Defects in Cardiac Arrhythmia. The Journal of Membrane Biology. 170(3), 

181-190. 

Klassen, T; Davis, C; Goldman, A; Burgess, D; Chen, T; Wheeler, D; McPherson, J; Bourquin, T; Lewis, 

L; Villasana, D; Morgan, M; Muzny, D; Gibbs, R; Noebels, J. (2011). Exome sequencing of ion 

channel genes reveals complex profiles confounding personal risk assessment in epilepsy. Cell. 145(7), 

1036-1048.  

Klein, A; Boltshauser, E; Jen, J; Baloh, RW. (2004). Episodic Ataxia Type 1 with Distal Weakness: A Novel 

Manifestation of a Potassium Channelopathy. Neuropediatrics.35(02), 147-149. 

Klein, CJ; Wu, Y; Kilfoyle, DH; Sandroni, P; Davis, MD; Gavrilova, RH; Low, PA; Dyck, PJ. (2013). 

Infrequent SCN9A mutations in congenital insensitivity to pain and erythromelalgia. J Neurol 

Neurosurg Psychiatry. 84(4), 386-391. 

Klugbauer, N; Lacinová, L; Marais, E; Hobom, M; Hofmann, F. (1999). Molecular diversity of the calcium 

channel alpha2delta subunit. J Neurosci.19(2), 684-691. 

Koch, MC; Steinmeyer, K; Lorenz, C; Ricker, K; Wolf, F; Otto, M; Zoll, B; Lehmann-Horn, F; Grzeschik, 

KH; Jentsch, TJ. (1992). The skeletal muscle chloride channel in dominant and recessive 

human myotonia. Science. 257(5071), 797-800. 

Koopmann, TT; Postema, PG; Bezzina, CR; Wilde, AAM. (2009). Introduction, based on: Ion channels 

involved in cardiac arrhythmias. Biophysics of ion channels and diseases. 7, 113-138. 

Kordasiewicz, HB; Gomez, CM. (2007). Molecular pathogenesis of spinocerebellar ataxia type 6. 

Neurotherapeutics.4(2), 285-294. 

Kornak, U; Kasper, D; Boesl, MR; Kaiser, E; Schweizer, M; Schulz, A; Friedrich, W; Delling, G; Jentsch, TJ. 

(2001). Loss of the ClC-7 chloride channel leads to osteopetrosis in mice and man. Cell. 104(2), 205-

215. 

Kubisch, C; Schmidt-Rose, T; Fontaine, B; Bretag, AH; Jentsch, TJ. (1998). ClC-1 chloride channel mutations 

in myotonia congenita: variable penetrance of mutations shifting the voltage dependence.Hum Mol 

Genet. 7(11), 1753-1760. 

Kuhn, E. (1993). [Myotonia congenital (Thomsen) and recessive generalized myotonia 

(Becker)].Nervenarzt.64(12), 766-769. 

Kullmann, DM; Hanna, MG. (2002). Neurological disorders caused by inherited ion-channel mutations. Lancet 

Neurol. 1(3), 157-166. 

Kullmann, DM; Waxman, SG. (2010). Neurological channelopathies: new insights into disease mechanisms and 

ion channel function. J Physiol. 588(Pt 11), 1823-1827. 



 
 

[99] 

Kung, AW; Lau, KS; Fong, GC; Chan, V. (2004). Association of novel single nucleotide polymorphisms in the 

calcium channel alpha 1 subunit gene (Ca(v)1.1) and thyrotoxic periodic paralysis. J. Clin. Endocrinol. 

Metab. 89, 1340-1345. 

Lamb, FS; Clayton, GH; Liu, BX; Smith, RL; Barna, TJ; Schutte, BCJ. (1999). Expression of CLCN voltage-

gated chloride channel genes in human blood vessels. Mol. Cell. Cardiol. 31, 657-666. 

Lampert, A; O'Reilly, AO; Reeh, P; Leffler, A. (2010). Sodium channelopathies and pain. Pflugers Arch.460(2), 

249-263. 

Lasak, JM; Allen, P; McVay, T; Lewis, D.(2014). Hearing loss: diagnosis and management.Prim Care. 41(1), 

19-31. 

Lau, D; Vega-Saenz de Miera, EC; Contreras, D; Ozaita, A; Harvey, M; Chow, A; Noebel, JL; Paylor, 

R; Morgan, JI; Leonard, CS; Rudy, B. (2000). Impaired fast-spiking, suppressed cortical inhibition, and 

increased susceptibility to seizures in mice lacking Kv3.2 K+ channel proteins. J. Neurosci. 20, 9071-

9085. 

Lee, SH; Park, JH; Jung, HH; Lee, SH; Oh, JW; Lee, HM; Jun, HS; Cho, WJ; Lee, JY. (2005). Expression and 

distribution of ion transport mRNAs in human nasal mucosa and nasal polyps. ActaOto-Laryngol. 125, 

745-752. 

Lee, TT; Zhang, XD; Chuang, CC, Chen, JJ; Chen, YA; Chen, SC; Chen, TY; Tang, CY. (2013). Myotonia 

congenita mutation enhances the degradation of human CLC-1 chloride channels. PLoS 

One. 8(2):e55930. 

Lee, US; Cui, J. (2009). {beta} subunit-specific modulations of BK channel function by a mutation associated 

with epilepsy and dyskinesia. J Physiol. 587(Pt 7), 1481-1498. 

Lehmann-Horn, F; Jurkat-Rott, K; Rüdel, R. (2002). Periodic paralysis: understanding channelopathies Curr 

Neurol Neurosci Rep.2(1), 61-69. 

Lehnart, SE; Ackerman, MJ; Benson, DW Jr; Brugada, R; Clancy, CE; Donahue, JK; George, AL Jr; Grant, 

AO; Groft, SC; January, CT; Lathrop, DA; Lederer, WJ; Makielski, JC; Mohler, PJ; Moss, A; 

Nerbonne, JM; Olson, TM; Przywara, DA; Towbin, JA; Wang, LH; Marks, AR. (2007)Inherited 

arrhythmias: a National Heart, Lung, and Blood Institute and Office of Rare Diseases workshop 

consensus report about the diagnosis, phenotyping, molecular mechanisms, and therapeutic approaches 

for primary cardiomyopathies of gene mutations affecting ion channel function.Circulation. 

116(20),2325-2345. 

Leisle, L; Ludwig, CF; Wagner, FA; Jentsch, TJ; Stauber, T. (2011). ClC-7 is a slowly voltage-gated 2Cl(-

)/1H(+)-exchanger and requires Ostm1 for transport activity. EMBO J. 30, 2140-2152. 

Leonard, RJ; Garcia, ML; Slaughter, RS; Reuben, JP. (1992). Selective blockers of voltage-gated K+ channels 

depolarize human T lymphocytes: mechanism of the antiproliferative effect of charybdotoxin. Proc 

Natl Acad Sci. 89(21), 10094-10098. 

Lerche, H; Heine, R; Pika, U;  George, AL; Mitrovic, N; Browatzki, M; Weiss, T; Rivet-Bastide, M; Franke, 

C; Lomonaco, M. (1993). Human sodium channel myotonia: slowed channel inactivation due to 

substitutions for a glycine within the III-IV linker. J Physiol.470, 13-22. 

Letts, VA; Felix, R; Biddlecome, GH; Arikkath, J; Mahaffey, CL; Valenzuela, A; Bartlett, FS; Mori, 

Y; Campbell, KP; Frankel, WN. (1998). The mouse stargazer gene encodes a neuronal Ca2+-channel 

gamma subunit. Nat Genet.19(4), 340-347. 

Lewis, A; McCrossan, ZA; Abbott, GW. (2004). MinK, MiRP1, and MiRP2 diversify Kv3.1 and Kv3.2 

potassium channel gating.J. Biol. Chem. 279,7884-7892. 

Lindstrom, J; Anand, R; Peng, X; Gerzanich, V; Wang, F; Li, Y. (1995). Neuronal nicotinic receptor subtypes. 

Ann N Y Acad Sci.757, 100-116. 

Lion-Francois, L;Mignot, C;Vicart, S;Manel, V; Sternberg, D; Landrieu, P;Lesca, G;Broussolle, E;Billette de 

Villemeur, T;Napuri, S; des Portes, V; Fontaine, B. (2010). Severe neonatal episodic laryngospasm due 

to de novo SCN4A mutations: a new treatable disorder. Neurology.75, 641-645. 

Llinas, R; Sugimori, M; Hillman, DE; Cherksey, B. (1992). Distribution and functional significance of the P-

type, voltage-dependent Ca2+ channels in the mammalian central nervous system. Trends 

Neurosci.15(9), 351-355. 

Lolignier, S; Amsalem, M; Maingret, F; Padilla, F; Gabriac, M; Chapuy, E; Eschalier, A; Delmas, 

P; Busserolles, J. (2011). Nav1.9 channel contributes to mechanical and heat pain hypersensitivity 

induced by subacute and chronic inflammation. PLoS One. 6(8), e23083.  



 
 

[100] 

Lopes, CM; Zhang, H; Rohacs, T;Jin, T; Yang, J, Logothetis, DE. (2002). Alterations in conserved Kir channel-

PIP2 interactions underlie channelopathies. Neuron.34(6), 933-944. 

Lorenz, C; Meyer-Kleine, C; Steinmeyer, K; Koch, MC; Jentsch, TJ. (1994). Genomic organization of the 

human muscle chloride channel ClC-1 and analysis of novel mutations leading to Becker-type 

myotonia. Hum. Mol. Genet. 3, 941-946. 

Lorincz, A; Nusser, Z. (2008). Cell-type-dependent molecular composition of the axon initial segment. J 

Neurosci. 28(53), 14329-14340. 

Lossin, C; George, AL Jr. (2008). Myotonia congenita. Adv Genet. 63, 25-55. 

Lucchiari, S; Ulzi, G; Magri, F; Bucchia, M; Corbetta, F; Servida, M; Moggio, M; Comi, GP; Lecchi, M. 

(2013)Clinical evaluation and cellular electrophysiology of a recessive CLCN1 patient.J Physiol 

Pharmacol. 64(5), 669-678. 

Lyons, MJ; Duron, R; Molinero, I; Sangiuolo, F; Holden, KR. (2010). Novel CLCN1 mutation in 

carbamazepine-responsive myotonia congenita. Pediatr Neurol.42(5), 365-368. 

MacKinnon, R. (2003). Potassium channels. FEBS Lett.555(1), 62-65. 

Magee, KR. (1966). Paramyotonia congenita. Association with cutaneous cold sensitivity and description of 

peculiar sustained postures after muscle contraction. Arch Neurol.14(6), 590-594. 

Maricq, AV; Peterson, AS; Brake, AJ; Myers, RM; Julius, D. (1991). Primary structure and functional 

expression of the 5HT3 receptor, a serotonin-gated ion channel. Science.254(5030), 432-437. 

Matthews, E; Labrum, R; Sweeney, MG; Sud, R; Haworth, A; Chinnery, PF; Meola, G; Schorge, S; Kullmann, 

DM; Davis, MB; Hanna, MG. (2009). Voltage sensor charge loss accounts for most cases of 

hypokalemic periodic paralysis. Neurology.72(18), 1544-1547. 

Matthews, E; Portaro, S; Ke, Q; Sud, R; Haworth, A; Davis, MB; Griggs, RC; Hanna, MG. (2011). 

Acetazolamide efficacy in hypokalemic periodic paralysis and the predictive role of genotype. 

Neurology.77(22), 1960-1964. 

Maylie, B; Bissonnette, E; Virk, M; Adelman, JP; Maylie, JG. (2002). Episodic ataxia type 1 mutations in the 

human Kv1.1 potassium channel alter hKvbeta 1-induced N-type inactivation. J Neurosci.22(12), 4786-

4793. 

McArdle, B. (1956). Familial periodic paralysis. Br Med Bull.12(3), 226-229. 

McClatchey, AI;Van den Bergh, P; Pericak-Vance, MA; Raskind, W; Verellen, C; McKenna-Yasek, D; Rao, 

K; Haines, JL; Bird, T; Brown, RH Jr, et al. (1992). Temperature-sensitive mutations in the III-IV 

cytoplasmic loop region of the skeletal muscle sodium channel gene in paramyotonia congenita. 

Cell.68(4), 769-774. 

McRory, JE; Hamid, J; Doering, CJ; Garcia, E; Parker, R; Hamming, K; Chen, L; Hildebrand, M; Beedle, AM; 

Feldcamp, L; Zamponi, GW; Snutch, TP. (2004). The CACNA1F gene encodes at L-type calcium 

channel with unique biophysical properties and tissue distribution. J Neurosci. 24(7), 1707-1718. 

Medeiros-Domingo, A; Kaku, T; Tester, DJ; Iturralde-Torres, P; Itty, A; Ye, B; Valdivia, C; Ueda, 

K; Canizales-Quinteros, S; Tusié-Luna, MT; Makielski, JC; Ackerman, MJ. (2007). SCN4B-encoded 

sodium channel beta4 subunit in congenital long-QT syndrome. Circulation. 116(2), 134-142. 

Mehta, SH; Morgan, JC; Sethi, KD. (2009). Paroxysmal dyskinesias. Curr Treat Options Neurol.11(3), 170-178. 

Meisler, MH; Kearney, JA. (2005). Sodium channel mutations in epilepsy and other neurological disorders. J 

Clin Invest.115(8), 2010-2017. 

Meisler, MH; O'Brien, JE; Sharkey, LM. (2010). Sodium channel gene family: epilepsy mutations, gene 

interactions and modifier effects. J Physiol.588(Pt 11), 1841-1848. 

Michiels, JJ; te Morsche, RH; Jansen, JB; Drenth, JP. (2005). Autosomal dominant erythermalgia associated 

with a novel mutation in the voltage-gated sodium channel alpha subunit Nav1.7. Arch Neurol.62(10), 

1587-1590. 

Miller, C; White, MM. (1984). Dimeric structure of single chloride channels from Torpedo electroplax. Proc 

Natl Acad Sci U S A.81(9), 2772-2775. 

Mintz, IM; Adams, ME; Bean, BP. (1992). P-type calcium channels in rat central and peripheral 

neurons. Neuron. 9(1), 85-95. 

Misonou, H; Mohapatra, DP; Trimmer, JS. (2005). Kv2.1: a voltage-gated k+ channel critical to dynamic 

control of neuronal excitability. Neurotoxicology. 26(5), 743-752. 



 
 

[101] 

Mohammadi, B; Mitrovic, N; Lehmann-Horn, F; Dengler, R; Bufler, J. (2003). Mechanisms of cold sensitivity 

of paramyotonia congenita mutation R1448H and overlap syndrome mutation M1360V. J 

Physiol.547(Pt 3), 691-698. 

Morgan, JI; Curran, T. (1989). Stimulus-transcription coupling in neurons: role of cellular immediate-early 

genes. Trends Neurosci.12(11), 459-462. 

Mork, C; Asker, CL;Salerud, EG;Kvernebo, K. (2000).Microvascular arteriovenous shunting is a probable 

pathogenetic mechanism in erythromelalgia. J Invest Dermatol.114, 643–646. 

Moss, AJ; Shimizu, W; Wilde, AA; Towbin, JA; Zareba, W; Robinson, JL; Qi, M; Vincent, GM; Ackerman, 

MJ; Kaufman, ES; Hofman, N; Seth, R; Kamakura, S; Miyamoto, Y;Goldenberg, I; Andrews, 

ML; McNitt, S. (2007). Clinical aspects of type-1 long-QT syndrome by location, coding type, and 

biophysical function of mutations involving the KCNQ1 gene. Circulation.115(19), 2481-2489. 

Noda, M: Shimizu, S; Tanabe, T; Takai, T; Kayano, T; Ikeda, T et al.(1984). Primary structure of Electrophorus 

electricus sodiumchannel deduced from cDNA sequence. Nature, 312,121–127. 

Ohmori, I; Ouchida, M; Miki, T; Mimaki, N; Kiyonaka, S; Nishiki, T; Tomizawa, K; Mori, Y; Matsui, H. 

(2008). A CACNB4 mutation shows that altered Ca(v)2.1 function may be a genetic modifier of severe 

myoclonic epilepsy in infancy. Neurobiol. Dis. 32, 349-354. 

Okuda, S; Kanda, F; Nishimoto, K; Sasaki, R; Chihara, K. (2001). Hyperkalemic periodic paralysis and 

paramyotonia congenita--a novel sodium channel mutation. J Neurol.248(11), 1003-1004. 

Ophoff, RA;Terwindt, GM; Vergouwe, MN; van Eijk, R; Oefner, PJ; Hoffman, SM; Lamerdin, 

JE; Mohrenweiser, HW; Bulman, DE; Ferrari, M; Haan, J; Lindhout, D; van Ommen, GJ; Hofker, 

MH; Ferrari, MD; Frants, RR. (1996). Familial hemiplegic migraine and episodic ataxia type-2 are 

caused by mutations in the Ca2+ channel gene CACNL1A4. Cell.87(3), 543-552. 

Orazio, B; Paola, I; Mauro, P. (2012) Kv1.1 knock-in ataxic mice exhibit spontaneous myokymic activity 

exacerbated by fatigue, ischemia and low temperature. Nerobiol. Dis. 47(3), 310-321. 

Orrell, RW; Jurkat-Rott, K; Lehmann-Horn, F; Lane, RJ. (1998). Familial cramp due to potassium-aggravated 

myotonia. J Neurol Neurosurg Psychiatry.65(4), 569-572. 

Osorio, N, Alcara, G; Padilla, F; Couraud, F; Delmas, P; Crest, M. (2005). Differential targeting and functional 

specialization of sodium channels in cultured cerebellar granule cells. J Physiol. 569(Pt 3), 801-816. 

Ota, T; Suzuki, Y; Nishikawa, T; Otsuki, T; Sugiyama, T; Irie, R; Wakamatsu, A; Hayashi, K; Sato, H; Nagai, 

K; Kimura, K; Makita, H; Sekine, M; Obayashi, M; Nishi, T; Shibahara, T; Tanaka, T; Ishii, 

S; Sugano, S. (2004). Complete sequencing and characterization of 21,243 full-length human cDNAs. 

Nat. Genet. 36, 40-45. 

Pak, WL; Pinto, LH. (1976). Genetic Approach to the Study of the Nervous System. Annual Review of 

Biophysics and Bioengineering. 5, 397-448. 

Patino, GA; Brackenbury, WJ; Bao, Y; Lopez-Santiago, LF; O'Malley, HA; Chen, C; Calhoun, JD; Lafrenière, 

RG; Cossette, P; Rouleau, GA; Isom, LL. (2011). Voltage-gated Na+ channel β1B: a secreted cell 

adhesion molecule involved in human epilepsy. J Neurosci. 31(41), 14577-14591. 

Paulson, HL. (2009). The Spinocerebellar Ataxias. J Neuroophthalmol. 29(3), 227–237. 

Pelzer, N; Stam, AH; Haan, J; Ferrari, MD; Terwindt, GM. (2013). Familial and sporadic hemiplegic migraine: 

diagnosis and treatment. Curr Treat Options Neurol. 15(1), 13-27. 

Pereon, Y; Lande, G;,Demolombe, S; Nguyen The Tich, S; Sternberg, D; Le Marec, ; David, A. (2003). 

Paramyotonia congenita with an SCN4A mutation affecting cardiac repolarization. Neurology.60(2), 

340-342. 

Perez-Reyes, E; Castellano, A; Kim, HS; Bertrand, P; Baggstrom, E; Lacerda, AE; Wei, XY; Birnbaumer, 

L. (1992). Cloning and expression of a cardiac/brain beta subunit of the L-type calcium channel. J. 

Biol. Chem. 267, 1792-1797. 

Pett, MA; Beck, SL;Guo, JW; Towsley, GL; Brant, JM; Smith, EML; Berry, PH; Donaldson, 

GW.(2013).Confirmatory factor analysis of the Pain Care Quality Surveys (PainCQ©) Health Services 

Research.48(3), 1018-1038. 

Pichler, M; Cassidy, TN; Reimer, D; Haase, H; Kraus, R; Ostler, D; Striessnig, J. (1997). Beta subunit 

heterogeneity in neuronal L-type Ca2+ channels. J. Biol. Chem. 272, 13877-13882. 

Pietrobon, D. (2007). Familial hemiplegic migraine. Neurotherapeutics.4(2), 274-284. 

Pietrobon, D. (2010). CaV2.1 channelopathies. Pflugers Arch. 460(2), 375-393.  



 
 

[102] 

Plaster, NM; Tawil, R; Tristani-Firouzi, M; Canún, S; Bendahhou, S; Tsunoda, A; Donaldson, MR; Iannaccone, 

ST; Brunt, E; Barohn, R; Clark, J; Deymeer, F; George, AL Jr; Fish, FA; Hahn, A; Nitu, A; Ozdemir, 

C; Serdaroglu, P; Subramony, SH; Wolfe, G; Fu, YH; Ptácek, LJ. (2001). Mutations in Kir2.1 cause 

the developmental and episodic electrical phenotypes of Andersen's syndrome. Cell.105(4), 511-519. 

Poet, M; Kornak, U; Schweizer, M; Zdebik, AA; Scheel, O; et al. (2006). Lysosomalstorage disease upon 

disruption of the neuronal chloride transport protein ClC-6. Proc Natl Acad Sci U S A. 103, 13854–

13859. 

Protheroe, SM. (1991). Congenital insensitivity to pain. Journal of theRoyal Society of Medicine.84, 558-559. 

Pruss, H; Grosse, G; Brunk, I; Veh, RW; Ahnert-Hilger, G. (2009). Age-dependent axonal expression of 

potassium channel proteins during development in mouse hippocampus. Histochem Cell Biol. 133(3), 

301-312. 

Ptacek, LJ; George, AL Jr; Barchi, RL; Griggs, RC; Riggs, JE; Robertson, M; Leppert, MF. (1992). Mutations 

in an S4 segment of the adult skeletal muscle sodium channel cause paramyotonia congenita. 

Neuron.8(5), 891-897. 

Ptacek, LJ; Gouw, L; Kwieciński, H; McManis, P; Mendell, JR; Barohn, RJ; George, AL Jr; Barchi, 

RL; Robertson, M; Leppert, MF. (1993). Sodium channel mutations in paramyotonia congenita and 

hyperkalemic periodic paralysis. Ann Neurol.33(3), 300-307. 

Ptacek, LJ; Tawil, R; Griggs, RC; Meola, G; McManis, P; Barohn, RJ; Mendell, JR; Harris, C; Spitzer, R; 

Santiago, F. (1994). Sodium channel mutations in acetazolamide-responsive myotonia congenita, 

paramyotonia congenita, and hyperkalemic periodic paralysis. Neurology. 44(8), 1500-1503. 

Ptacek, LJ; Tyler, F; Trimmer, JS; Agnew, WS; Leppert, M. (1991). Analysis in a large hyperkalemic periodic 

paralysis pedigree supports tight linkage to a sodium channel locus. Am J Hum Genet. 49(2), 378-382. 

Pusch, M. (2002). Myotonia caused by mutations in the muscle chloride channel gene CLCN1. Hum Mutat. 

19(4), 423-434. 

Raike, RS; Weisz, C; Hoebeek, FE; Terzi, MC; De Zeeuw, CL; van den Maagdenberg, AM; Jinnah, HA; Hess, 

EJ. (2013). Stress, caffeine and ethanol trigger transient neurological dysfunction through shared 

mechanisms in a mouse calcium channelopathy. Neurobiol Dis. 50C, 151-159. 

Rajakulendran, S; Schorge, S; Kullmann, DM; Hanna, MG. (2010) Dysfunction of the Ca(V)2.1 calcium 

channel in cerebellar ataxias. F1000 Biol Rep. 2, pii:4. 

Reimer, D; Huber, IG; Garcia, ML; Haase, H; Striessnig, J. (2000). Beta subunit heterogeneity of L-type Ca(2+) 

channels in smooth muscle tissues. FEBS Lett. 467, 65-69. 

Reuter, H. (1983). Calcium channel modulation by neurotransmitters, enzymes and drugs. Nature. 301, 569-574. 

Riuro, H; Beltran-Alvarez, P, Tarradas, A; Selga, E; Campuzano, O; Vergés, M; Pagans, S; Iglesias, 

A; Brugada, J; Brugada, P; Vázquez, FM; Pérez, GJ; Scornik, FS; Brugada, R. (2013). A Missense 

Mutation in the Sodium Channel β2 Subunit Reveals SCN2B as a New Candidate Gene for Brugada 

Syndrome. Hum Mutat. 34(7), 961-966. 

Roberts, WM; Jacobs, RA; Hudseth, AJ. (1990). Co-localization of ion channels involved in frequency 

selectivity andsynaptic transmission at presynaptic active zones of hair cells. J. Neurosci. 10, 3664-

3684. 

Rocha, EA; Pereira, FT; Monteiro Mde, P; Rocha Neto, AC; Rodrigues Sobrinho, CR; Scanavacca, M. (2013). 

Defibrillators in Jervell-Lange Nielsen syndrome.Arq Bras Cardiol. 100(2), e25-e26. 

Rojas, CV; Wang, JZ; Schwartz, LS; Hoffman, EP; Powell, BR; Brown, RH Jr. (1991). A Met-to-Val mutation 

in the skeletal muscle Na+ channel alpha-subunit in hyperkalaemic periodic paralysis. 

Nature.354(6352), 387-389. 

Saint-Martin, C; Gauvain, G; Teodorescu, G; Gourfinkel-An, I; Fedirko, E; Weber, YG; Maljevic, S; Ernst, JP; 

Garcia-Olivares, J; Fahlke, C; Nabbout, R; LeGuern, E; Lerche, H; Christophe Poncer, J; Depienne, C. 

(2009). Two novel CLCN2 mutations accelerating chloride channel deactivation are associated with 

idiopathic generalized epilepsy. Hum. Mutat. 30, 397-405. 

Sala-Rabanal, M; Kucheryavykh, LY; Skatchkov, SN; Eaton, MJ; Nichols, CG. (2010). Molecular Mechanisms 

of EAST/SeSAME Syndrome Mutations in Kir4.1 (KCNJ10). Journal of Biological Chemistry.285, 

36040-36048. 

Sandhiya, S; Dkhar, SA. (2009). Potassium channels in health, disease & development of channel modulators. 

Indian J Med Res. 129, pp 223-232. 



 
 

[103] 

Sasaki, R; Takano, H; Kamakura, K; Kaida, K; Hirata, A; Saito, M; Tanaka, H; Kuzuhara, S; Tsuji, S. (1999). A 

novel mutation in the gene for the adult skeletal muscle sodium channel alpha-subunit (SCN4A) that 

causes paramyotonia congenita of von Eulenburg. Arch Neurol. 56(6), 692-696. 

Satheesh, SV; Kunert, K; Rüttiger, L; Zuccotti, A; Schönig, K; Friauf, E; Knipper, M; Bartsch, D; Nothwang, 

HG. (2012). Retrocochlear function of the peripheral deafness gene Cacna1d.  Human Mol. 

Genet.21(17), 3896-3909. 

Savitha, MR; Krishnamurthy, B; Hyderi, A; Farhan-Ul-Haque; Ramachandra, NB. (2006). Myotonia congenita-

-a successful response to carbamazepine. Indian J Pediatr.73(5), 431-433. 

Scheffer, IE; Berkovic, SF. (1997). Generalized epilepsy with febrile seizures plus. A genetic disorder with 

heterogeneous clinical phenotypes. Brain.120 ( Pt 3), 479-490. 

Scheffer, IE; Harkin, LA; Grinton, BE; Dibbens, LM; Turner, SJ; Zielinski, MA; Xu, R; Jackson, G; Adams, J; 

Connellan, M; Petrou, S; Wellard, RM; Briellmann, RS; Wallace, RH; Mulley, JC; Berkovic, SF. 

(2007). Temporal lobe epilepsy and GEFS+ phenotypesassociated with SCN1B mutations.Brain.130, 

100–109. 

Schimpf, R; Rudic, B; Tülümen, E; Papavassiliu, T; Dösch, C; Borggrefe, M. (2013). 

Cardiac ion channelopathies: A potential link between cardiomyopathies and cardiac arrhythmias. 

Dtsch Med Wochenschr. 138(12), 591-597. 

Schneider, T; Wei, X; Olcese, R; Costantin, JL; Neely, A; Palade, P; Perez-Reyes, E; Qin, N; Zhou, 

J; Crawford, GD; Smith, RG; Appel, SH; Stefani, E; Birnbaumer, M. (1994). Molecular analysis and 

functional expression of the human type E neuronal Ca2+ channel alpha 1 subunit. Recept. Channels. 

2, 255-270. 

Scholl, UI; Choi, M; Liu, T; Ramaekers, VT; Häusler, MG; Grimmer, J; Tobe, SW; Farhi, A; Nelson-Williams, 

C; Lifton, RP. (2009). Seizures, sensorineural deafness, ataxia, mental retardation, and electrolyte 

imbalance (SeSAME syndrome) caused by mutations in KCNJ10.Proc Natl Acad Sci U S A.106(14), 

5842-5847. 

Schott, JJ; Alshinawi, C; Kyndt, F; Probst, V; Hoorntje, TM; Hulsbeek, M; Wilde, AA; Escande, D; Mannens, 

MM; Le Marec, H. (1999). Cardiac conduction defects associate with mutations in SCN5A. Nat 

Genet.23(1), 20-21. 

Schroeder, B; Wrocklage, C; Pan, C; Jaeger, R; Koesters, B; Schaefer, H; Elsaesser, HP; Mann, M; Hasilik, A. 

(2007). Integral and associated lysosomal membrane proteins. Traffic. 8, 1676-1686. 

Schroeder, BC; Kubisch, C; Stein, V; Jentsch, TJ. (1998). Moderate loss of function of cyclic-AMP-modulated 

KCNQ2/KCNQ3 K+ channels causes epilepsy. Nature. 396(6712), 687-690. 

Schulze-Bahr, E; Wang, Q; Wedekind, H; Haverkamp, W; Chen, Q; Sun, Y; Rubie, C; Hördt, M; Towbin, 

JA; Borggrefe, M; Assmann, G; Qu, X; Somberg, JC; Breithardt, G; Oberti, C; Funke, H. (1997). 

KCNE1 mutations cause jervell and Lange-Nielsen syndrome. Nat Genet. 17(3), 267-268. 

Schwartz, PJ; Spazzolini, C; Crotti, L; Bathen, J; Amlie, JP; Timothy, K; Shkolnikova, M; Berul, CI; Bitner-

Glindzicz, M; Toivonen, L; Horie, M; Schulze-Bahr, E; Denjoy, I. (2006). The Jervell and Lange-

Nielsen syndrome: natural history, molecular basis, and clinical outcome. Circulation.113(6), 783-790. 

Seebohm, G; Strutz-Seebohm, N; Ursu, ON; Preisig-Müller, R; Zuzarte, M; Hill, EV; Kienitz, MC; Bendahhou, 

S; Fauler, M; Tapken, D; Decher, N; Collins, A; Jurkat-Rott, K; Steinmeyer, K; Lehmann-Horn, F; 

Daut, J; Tavaré, JM; Pott, L; Bloch, W; Lang, F. (2012) Altered stress stimulation of inward rectifier 

potassium channels in Andersen-Tawil syndrome. The FASEB Journal.26(2), 513-522. 

Sheppard, DN; Welsh, MJ. (1999). Structure and function of the CFTR chloride channel. Physiol Rev.79(1 

Suppl), S23-45. 

Shi, X; Yasumoto, S; Kurahashi, H; Nakagawa, E; Fukasawa, T; Uchiya, S; Hirose, S. (2012). Clinical spectrum 

of SCN2A mutations. Brain Dev. 34(7), 541-545.  

Shi, Y; Suh, YH; Milstein, AD; Isozaki, K; Schmid, SM; Roche, KW; Nicoll, RA. (2010). Functional 

comparison of the effects of TARPs and cornichons on AMPA receptor trafficking and gating. Proc. 

Natl. Acad. Sci. U.S.A. 107, 16315-16319. 

Shook, SJ; Mamsa, H; Jen, JC; Baloh, RW; Zhou, L. (2008). Novel mutation in KCNA1 causes episodic ataxia 

with paroxysmal dyspnea. Muscle Nerve. 37(3), 399-402. 

Simkin, D; L´ena, I; Landrieu, P; Lion-Francois, L; Sternberg, D; Fontaine, B; Bendahhou, S. (2011). 

Mechanisms underlying a life-threatening skeletal muscle Na+ channel disorder. J Physiol,589, 3115–

3124. 



 
 

[104] 

Singer, D; Biel, M; Lotan, I; Flockerzi, V; Hofmann, F; Dascal, N. (1991). The roles of the subunits in the 

function of the calcium channel. Science. 253, 1553-1557. 

Singh, NA; Charlier, C; Stauffer, D; DuPont, BR; Leach, RJ; Melis, R; Ronen, GM; Bjerre, I; Quattlebaum, 

T; Murphy, JV; McHarg, ML; Gagnon, D; Rosales, TO; Peiffer, A; Anderson, VE; Leppert, M. (1998). 

A novel potassium channel gene, KCNQ2, is mutated in an inherited epilepsy of newborns. Nat 

Genet.18(1), 25-29. 

Singh, NA; Westenskow, P; Charlier, C; Pappas, C; Leslie, J; Dillon, J; Anderson, VE; Sanguinetti, MC; 

Leppert, MF. (2003).KCNQ2 and KCNQ3 potassium channel genes in benign familial neonatal 

convulsions: expansion of the functional and mutation spectrum. Brain.126(12), 2726-2737. 

Sokolov, S; Scheuer, T; Catterall, WA. (2007). Gating pore current in an inherited ion channelopathy. Nature.  

446(7131), 76-78. 

Sokolov, S; Scheuer, T; Catterall, WA. (2010). Ion permeation and block of the gating pore in the voltage sensor 

of NaV1.4 channels with hypokalemic periodic paralysis mutations. J Gen Physiol. 136(2), 225-236. 

Soldovieri, MV; Miceli, F; Bellini, G; Coppola, G; Pascotto, A; Taglialatela, M. (2007). Correlating the clinical 

and genetic features of benign familial neonatal seizures (BFNS) with the functional consequences of 

underlying mutations. Channels (Austin).1(4),  228-233. 

Spampanato, J; Escayg, A; Meisler, MH; Goldin, AL. (2003). Generalized epilepsy with febrile seizures plus 

type 2 mutation W1204R alters voltage-dependent gating of Na(v)1.1 sodium channels. 

Neuroscience. 116(1), 37-48. 

Splawski, I; Yoo, DS; Stotz, SC; Cherry, A; Clapham, DE; Keating, MT. (2006). CACNA1H mutations in 

autism spectrum disorders. J Biol Chem. 281(31), 22085-22091.  

Stapels, M; Piper, C; Yang, T; Li, M; Stowell, C; Xiong, ZG; Saugstad, J; Simon, RP; Geromanos, 

S; Langridge, J; Lan, JQ; Zhou, A. (2010). Polycomb group proteins as epigenetic mediators of 

neuroprotection in ischemic tolerance. Sci Signal. 2, 3(111). 

Sternberg, D; Maisonobe, T; Jurkat-Rott, K; Nicole, S; Launay, E; Chauveau, D; Tabti, N; Lehmann-Horn, 

F; Hainque, B; Fontaine, B. (2001). Hypokalaemic periodic paralysis type 2 caused by mutations at 

codon 672 in the muscle sodium channel gene SCN4A. Brain.124(Pt 6), 1091-1099. 

Sternberg, D; Tabti, N; Hainque, B; Fontaine, B. Hypokalemic Periodic Paralysis. (2002) [Updated 2009 Apr 

28]. In: Pagon RA, Adam MP, Bird TD, et al., editors. GeneReviews™ [Internet]. Seattle (WA): 

University of Washington, Seattle; 1993-2013. Available from: 

http://www.ncbi.nlm.nih.gov/books/NBK1338/ 

Striggow, F; Ehrlich, BE. (1996). Ligand-gated calcium channels inside and out. Curr Opin Cell Biol.8(4), 490-

495. 

Sun, C; Tranebjaerg, L; Torbergsen, T; Holmgren, G; Van Ghelue, M. (2001). Spectrum of CLCN1 mutations 

in patients with myotonia congenita in Northern Scandinavia. Eur J Hum Genet.9(12), 903-909. 

Suzuki, M; Morita, T; Iwamoto, T. (2006). Diversity of Cl(-) channels. Cell Mol Life Sci. 63(1), 12-24. 

Suzuki, T; Delgado-Escueta, AV; Aguan, K; Alonso, ME; Shi, J; Hara, Y; Nishida, M; Numata, T; Medina, 

MT; Takeuchi, T; Morita, R; Bai, D; Ganesh, S; Sugimoto, Y; Inazawa, J; Bailey, JN; Ochoa, A; Jara-

Prado, A;  Yamakawa, K. (2004). Mutations in EFHC1 cause juvenile myoclonic epilepsy. Nat. Genet. 

36, 842-849. 

Takahashi, M; Seagar, MJ; Jones, JF; Reber, BF; Catterall, WA. (1987). Subunit structure of dihydropyridine-

sensitive calcium channels from skeletal muscle. Proc Natl Acad Sci U S A.84(15), 5478-5482. 

Talley, EM; Cribbs, LL; Lee, JH; Daud, A; Perez-Reyes, E; Bayliss, DA. (1999). Differential distribution of 

three members of a gene family encoding low voltage-activated (T-type) calcium channels. J. Neurosci. 

19(6), 1895-1911. 

Tamaoka, A. (2003). Paramyotonia congenita and skeletal sodium channelopathy. Intern Med. 42(9), 769-770. 

Tan, BH; Iturralde-Torres, P; Medeiros-Domingo, A; Nava, S; Tester, DJ; Valdivia, CR; Tusié-Luna, 

T; Ackerman, MJ; Makielski, JC. (2007). A novel C-terminal truncation SCN5A mutation from a 

patient with sick sinus syndrome, conduction disorder and ventricular tachycardia. Cardiovasc 

Res. 76(3), 409-417. 

Tan, EH; Yusoff, AA; Abdullah, JM; Razak, SA. (2012). Generalized epilepsy with febrile seizure plus 

(GEFS+) spectrum: Novel de novo mutation of SCN1A detected in a Malaysian patient. J Pediatr 

Neurosci. 7(2), 123-125. 



 
 

[105] 

Tate, SK; Depondt, C; Sisodiya, SM; Cavalleri, GL; Schorge, S; Soranzo, N; Thom, M; Sen, A; Shorvon, 

SD; Sander, JW; Wood, NW; Goldstein, DB. (2005). Genetic predictors of the maximum doses 

patients receive during clinical use of the anti-epileptic drugs carbamazepine and phenytoin. Proc Natl 

Acad Sci U S A.102(15), 5507-5512. 

Tate, SK; Singh, R; Hung, CC; Tai, JJ; Depondt, C; Cavalleri, GL; Sisodiya, SM; Goldstein, DB; Liou, HH. 

(2006). A common polymorphism in the SCN1A gene associates with phenytoin serum levels at 

maintenance dose. Pharmacogenet Genomics.16(10), 721-726. 

Tawil, R; Ptacek, LJ; Pavlakis, SG; DeVivo, DC; Penn, AS; Ozdemir, C; Griggs, RC. (1994). Andersen's 

syndrome: potassium-sensitive periodic paralysis, ventricular ectopy, and dysmorphic features. Ann 

Neurol.35(3), 326-330. 

Theile, JW; Cummins, TR. (2011). Recent Developments Regarding Voltage-Gated Sodium Channel Blockers 

for the Treatment of Inherited and Acquired Neuropathic Pain Syndromes. Front Pharmacol. 2, 54. 

Toda, M; Tulic, MK; Levitt, RC; Hamid, Q. (2002). A calcium-activated chloride channel (HCLCA1) is 

strongly related to IL-9 expression and mucus production in bronchial epithelium of patients with 

asthma. J. Allergy Clin. Immunol. 109, 246-250. 

Tomlinson, SE; Bostock, H; Grinton, B; Hanna, MG; Kullmann, DM; Kiernan, MC; Scheffer, IE; Berkovic, SF; 

Burke, D. (2012)In vivo loss of slow potassium channel activity in individuals with benign familial 

neonatal epilepsy in remission.Brain.135(10), 3144-3152. 

Trip, J; Drost, GG; van Engelen, BGM; Faber, CG. (2006). Drug treatment for myotonia. Cochrane Database of 

Systematic Reviews. Issue 1. Art. No.: CD004762. 

Tristani-Firouzi, M; Etheridge, SP. (2010). Kir 2.1 channelopathies: the Andersen-Tawil syndrome. Pflugers 

Arch. 460(2), 289-294. 

Tristani-Firouzi, M; Jensen, JL; Donaldson, MR; Sansone, V; Meola, G; Hahn, A; Bendahhou, S; Kwiecinski, 

H; Fidzianska, A; Plaster, N; Fu, YH; Ptacek, LJ; Tawil, R. (2002). Functional and clinical 

characterization of KCNJ2 mutations associated with LQT7 (Andersen syndrome). J Clin 

Invest.110(3), 381-388. 

Trudeau, MM; Dalton, JC; Day, JW; Ranum, LP; Meisler, MH. (2006). Heterozygosity for a protein truncation 

mutation of sodium channel SCN8A in a patient with cerebellar atrophy, ataxia, and mental retardation. 

J Med Genet. 43(6), 527-530. 

Tsai, CT; Lai, LP; Hwang, JJ; Lin, JL; Chiang, FT. (2008). Molecular genetics of atrial fibrillation. J Am Coll 

Cardiol. 52(4), 241-250. 

Tsakiridou, E; Bertollini, L; de Curtis, M; Avanzini, G; Pape, HC. (1995). Selective increase in T-type calcium 

conductance of reticular thalamic neurons in a rat model of absence epilepsy. J. Neurosci. 15(4), 3110-

3117. 

Tsien, RW; Fox, AP; Hess, P; McCleskey, EW; Nilius, B; Nowycky, MC; Rosenberg, RL. (1987). Multiple 

types of calcium channel in excitable cells. Soc Gen Physiol Ser.41, 167-187. 

Tsuboi, M; Antzelevitch, C. (2006). Cellular basis for electrocardiographic and arrhythmic manifestations of 

Andersen-Tawil syndrome (LQT7). Heart Rhythm.3(3), 328-335. 

Tyson, J; Tranebjaerg, L; McEntagart, M; Larsen, LA; Christiansen, M; Whiteford, ML; Bathen, J; Aslaksen, 

B; Sørland, SJ; Lund, O; Pembrey, ME; Malcolm, S; Bitner-Glindzicz, M. (2000). Mutational spectrum 

in the cardioauditory syndrome of Jervell and Lange-Nielsen. Hum Genet.107(5), 499-503. 

Unterberger, I; Trinka, E. (2008). Diagnosis and treatment of paroxysmal dyskinesias revisited. Ther Adv 

Neurol Disord.1(2), 4-11. 

Van Poucke, M; Vanhaesebrouck, AE; Peelman, LJ; Van Ham, L. (2012). Experimental validation of in silico 

predicted KCNA1, KCNA2, KCNA6 and KCNQ2 genes for association studies of peripheral nerve 

hyperexcitability syndrome in Jack Russell Terriers. Neuromuscul Disord. 22(6), 558-565. 

van Rootselaar, AF; Schade van Westrum, S; Velis, DN; Tijssen, MA. (2009). The paroxysmal 

dyskinesias.Pract Neurol.9(2), 102-109. 

Vannier, C; Triller, A. (1997). Biology of the postsynaptic glycine receptor. Int Rev Cytol.176, 201-244. 

Venance, SL; Cannon, SC; Fialho, D; Fontaine, B; Hanna, MG; Ptacek, LJ; Tristani-Firouzi, M; Tawil, 

R; Griggs, RC; CINCH investigators. (2006). The primary periodic paralyses: diagnosis, pathogenesis 

and treatment. Brain.129(Pt 1), 8-17. 

Vicart, S; Sternberg, D; Fontaine, B; Meola, G. (2005). Human skeletal muscle sodium channelopathies. Neurol 

Sci.26(4), 194-202. 



 
 

[106] 

Vicente, R; Escalada, A; Villalonga, N; Texidó, L; Roura-Ferrer, M; Martín-Satué, M; López-Iglesias, C; Soler, 

C; Solsona, C; Tamkun, MM; Felipe, A. (2006). Association of Kv1.5 and Kv1.3 contributes to the 

major voltage-dependent K+ channel in macrophages. J Biol Chem. 281(49), 37675-37685. 

Volkers, L; Rook, MB; Das, JH; Verbeek, NE; Groenewegen, WA; van Kempen, MJ; Lindhout, D; Koeleman, 

BP. (2009). Functional analysis of novel KCNQ2 mutations found in patients with Benign Familial 

Neonatal Convulsions. Neurosci Lett.462(1), 24-29. 

Wallace, RH; Scheffer, IE; Parasivam, G; Barnett, S; Wallace, GB; Sutherland, GR; Berkovic, SF; Mulley, JC. 

(2002). Generalized epilepsy with febrile seizures plus: mutation of the sodium channel subunit 

SCN1B. Neurology. 58(9), 1426-1429. 

Wallace, RH; Wang, DW; Singh, R; Scheffer, IE; George, AL Jr; Phillips, HA; Saar, K; Reis, A; Johnson, 

EW; Sutherland, GR; Berkovic, SF; Mulley, JC. (1998). Febrile seizures and generalized epilepsy 

associated with a mutation in the Na+-channel beta1 subunit gene SCN1B. Nat Genet. 19(4), 366-370. 

Wan, J; Khanna, R; Sandusky, M; Papazian, DM; Jen, JC; Baloh, RW. (2005). CACNA1A mutations causing 

episodic and progressive ataxia alter channel trafficking and kinetics. Neurology.64(12), 2090-2097. 

Wang, HS; Pan, Z; Shi, W; Brown, BS; Wymore, RS; Cohen, IS; Dixon, JE; McKinnon, D. (1998). KCNQ2 

and KCNQ3 potassium channel subunits: molecular correlates of the M-channel. Science.282(5395), 

1890-1893. 

Wang, Z; Li, H; Moss, AJ; Robinson, J; Zareba, W; Knilans, T; Bowles, NE; Towbin, JA. (2002). Compound 

heterozygous mutations in KvLQT1 cause Jervell and Lange-Nielsen syndrome. Mol Genet Metab. 

75(4), 308-316. 

Watase, K; Gatchel, JR; Sun, Y; Emamian, E; Atkinson, R; Richman, R; Mizusawa, H; Orr, HT; Shaw, C; 

Zoghbi, HY. (2007) Lithium therapy improves neurological function and hippocampal dendritic 

arborization in a spinocerebellar ataxia type 1 mouse model. PLoS Med. 4(5), e182. 

Waxman, SG; Dib-Hajj, SD; (2005a). Erythromelalgia: a hereditary pain syndrome enters the molecular era. 

Ann Neurol.57(6), 785-788. 

Waxman, SG; Dib-Hajj, S. (2005b). Erythermalgia: molecular basis for an inherited pain syndrome. Trends Mol 

Med. 11(12), 555-562. 

Webb, J; Cannon, SC. (2008). Cold-induced defects of sodium channel gating in atypical periodic paralysis plus 

myotonia. Neurology.70(10), 755-761. 

Weber, MA; Nielles-Vallespin, S, Essig, M; Jurkat-Rott, K; Kauczor, HU; Lehmann-Horn, F. (2006). Muscle 

Na+ channelopathies: MRI detects intracellular 23Na accumulation during episodic weakness. 

Neurology.67(7), 1151-1158. 

Wei, J; Hemmings, GP. (2006). A further study of a possible locus for schizophrenia on the X chromosome. 

BiochemBiophys Res Commun. 344(4), 1241-1245. 

Weiss, J; Pyrski, M; Jacobi, E; Bufe, B; Willnecker, V; Schick, B; Zizzari, P; Gossage, SJ; Greer, CA;Leinders-

Zufall, T; Woods, CG; Wood, JN; Zufall, F. (2011).Loss-of-function mutations in sodium channel 

Nav1.7 cause anosmia. Nature.472(7342), 186-190. 

Weller, DM; Noone, J. (1989). Mechanisms of arrhythmias: enhanced automaticity and reentry. Crit Care 

Nurse.9(5), 42-67. 

Westenbroek, RE; Ahlijanian, MK; Catterall, WA. (1990). Clustering of L-type Ca2+ channels at the base of 

major dendrites in hippocampal pyramidal neurons. Nature.347(6290), 281-284. 

Williams, DM; Lopes, CMB; Dantsker, AR; Connelly, HL; Matavel, A; Uchi, JO; McBeath, E; Gray, 

DA.(2010). Molecular Basis of Decreased Kir4.1 Function in SeSAME/EAST Syndrome.J Am Soc 

Nephrol. 21(12), 2117–2129. 

Williams, ME; Marubio, LM; Deal, CR; Hans, M; Brust, PF; Philipson, LH; Miller, RJ; Johnson, EC; Harpold, 

MM; Ellis, SB. (1994). Structure and functional characterization of neuronal alpha 1E calcium channel 

subtypes. J. Biol. Chem. 269, 22347-22357. 

Wu, F; Mi, W; Hernández-Ochoa, EO; Burns, DK; Fu, Y; Gray, HF; Struyk, AF; Schneider, MF; Cannon, SC. 

(2012). A calcium channel mutant mouse model of hypokalemic periodic paralysis. J Clin Invest. 

122(12), 4580–4591. 

Wu, FF; Ryan, A; Devaney, J; Warnstedt, M; Korade-Mirnics, Z; Poser; Escriva, MJ; Pegoraro, E; Yee, 

AS; Felice, KJ; Giuliani, MJ; Mayer, RF; Mongini, T; Palmucci, L; Marino, M; Rüdel, R; Hoffman, 

EP; Fahlke, C. (2002). Novel CLCN1 mutations with unique clinical and electrophysiological 

consequences. Brain. 125(Pt 11), 2392-2407. 



 
 

[107] 

Wulff, H; Calabresi, PA; Allie, R; Yun, S; Pennington, M; Beeton, C; Chandy, KG. (2003). The voltage-gated 

Kv1.3 K(+) channel in effector memory T cells as new target for MS. J Clin Invest. 111(11), 1703-

1713. 

Xia, H; Mao, Q; Eliason, SL; Harper, SQ; Martins, IH; Orr, HT; Paulson, HL; Yang, L; Kotin, RM; Davidson, 

BL. (2004)RNAi suppresses polyglutamine-induced neurodegeneration in a model of spinocerebellar 

ataxia.Nat Med. 10(8), 816-820. 

Xu, X; Lee, YJ; Holm, JB; Terry, MD; Oswald, RE; Horne, WA. (2011). The Ca2+ channel beta4c subunit 

interacts with heterochromatin protein 1 via a PXVXL binding motif. J. Biol. Chem. 286, 9677-9687. 

Xu, XJ; Zhang, YH; Sun, HH; Liu, XY; Wu, HS; Wu, XR. (2012). Phenotype and SCN1A gene mutation 

screening in 39 families with generalized epilepsy with febrile seizuresplus. Zhonghua Er Ke Za 

Zhi. 50(8), 580-586. 

Yang, Y; Wang, Y; Li, S; Xu, Z; Li, H; Ma, L; Fan, J; Bu, D; Liu, B; Fan, Z; Wu, G; Jin, J; Ding, B; Zhu, 

X; Shen, Y. (2004). Mutations in SCN9A, encoding a sodium channel alpha subunit, in patients with 

primary erythermalgia. J Med Genet.41(3), 171-174. 

Yasuda, T; Lewis, RJ; Adams, DJ. (2004). Overexpressed Ca(v)beta3 inhibits N-type (Cav2.2) calcium channel 

currents through a hyperpolarizing shift of ultra-slow and closed-state inactivation. J. Gen. Physiol. 

123(4), 401-416. 

Yost, CS. (1999). Potassium channels: basic aspects, functional roles, and medical significance. 

Anesthesiology.90(4), 1186-1203. 

Yus-Najera, E; Muñoz, A; Salvador, N; Jensen, BS; Rasmussen, HB; Defelipe, J; Villarroel, A. 

(2003).Localization of KCNQ5 inthe normal and epileptic human temporalneocortex and hippocampal 

formation. Neuroscience. 120(2), 353-364. 

Zerangue, N; Jan, YN; Jan, LY. (2000). An artificial tetramerization domain restores efficient assembly of 

functional Shaker channels lacking T1. Proc Natl Acad Sci U S A.97(7), 3591-3595. 

Zerr, P; Adelman, JP; Maylie, J. (1998). Characterization of three episodic ataxia mutations in the human Kv1.1 

potassium channel. FEBS Lett. 431(3), 461-464. 

Zhang, J; George, AL Jr; Griggs, RC; Fouad, GT; Roberts, J; Kwieciński, H; Connolly, AM; Ptácek, LJ. (1996). 

Mutations in the human skeletal muscle chloride channel gene (CLCN1) associated with dominant and 

recessive myotonia congenita. Neurology.47(4), 993-998. 

Zhang, L; Benson, DW; Tristani-Firouzi, M; Ptacek, LJ; Tawil, R; Schwartz, PJ; George, AL; Horie, M; 

Andelfinger, G; Snow, GL; Fu, YH; Ackerman, MJ; Vincent, GM. (2005). Electrocardiographic 

features in Andersen-Tawil syndrome patients with KCNJ2 mutations: characteristic T-U-wave 

patterns predict the KCNJ2 genotype.Circulation. 111(21), 2720-2726. 

Zhang, SH; Blech-Hermoni, Y; Faravelli, L; Seltzer, Z. (2008). Ralfinamide administered orally before 

hindpawneurectomy or postoperatively provided long-lasting suppression of spontaneous neuropathic 

pain-related behavior in the rat. Pain. 139(2), 293-305. 

Zipes DP. (2003). Mechanisms of clinical arrhythmias. J Cardiovasc Electrophysiol.14, 902-912. 

Zhou, T; Ko, EA; Gu, W; Lim, I; Bang, H; Ko, JH. (2012). Non-silent story on synonymous sites in voltage-

gated ion channel genes. PLoS One.7(10), e48541. 

Zhuchenko, O; Bailey, J; Bonnen, P; Ashizawa, T; Stockton, DW; Amos, C; Dobyns, WB; Subramony, 

SH; Zoghbi, HY; Lee, CC. (1997). Autosomal dominant cerebellar ataxia (SCA6) associated with 

small polyglutamine expansions in the alpha 1A-voltage-dependent calcium channel. Nat Genet.15(1), 

62-69. 



 
 

[108] 

APPENDIX 
 License agreement for Neurological Channelopathic Knowledge Base (NCKB): 

 

END-USER LICENSE AGREEMENT FOR NEUROLOGICAL CHANNELOPATHIC 

KNOWLEDGE BASE (NCKB) 

This end-user license agreement (hereinafter “EULA”) is a legally binding agreement between you (a single 

natural or legal person, hereinafter referred to by the term “You” or “Your”) and Molecular Neuroscience 

and Functional Genomics Laboratory, Delhi Technological University (MNFGL-DTU). MNFGL-DTU 

authorizes you to use and install the Software (as defined below) under the terms and conditions set forth 

herein.  

PLEASE READ THIS EULA CAREFULLY BEFORE USING THE SOFTWARE. BY 

DOWNLOADING, INSTALLING, OR USING THE SOFTWARE, YOU CONFIRM THAT YOU HAVE 

READ AND UNDERSTOOD THE TERMS AND CONDITIONS OF THIS EULA AND THAT YOU 

AGREE TO BE BOUND BY IT. IF YOU DO NOT AGREE OR DO NOT WISH TO BECOME A PART 

TO THIS EULA, DO NOT INSTALL OR USE THE SOFTWARE. YOU CAN CONFIRM THAT YOU 

UNDERSTAND THIS EULA AND AGREE TO BE BOUND BY IT BY SELECTING “I ACCEPT THE 

LICENSE AGREEMENT,” BELOW.  

1. DEFINITIONS  

“NCKB-Files System” shall refer to the composition of Server Software and Client Software (as defined 

below) that operates on your hardware devices. The NCKB-Files System may be set up according to your 

preferences, but you must at all times have purchased the necessary licenses for each component and each 

designated device and/or user in your system.  

“Master Server” shall mean the hardware that operates as the main server on which You use and run the 

Server Software that You have designated as Your primary Server Software (as defined below). The Server 

Software on Your Master Server is the core of Your NCKB-Files System. Setting up a new Master Server is 

subject to authorization to set up a new NCKB-Files System.  

“NCKB_MNFGL-DTU” shall refer to NCKB-Molecular Neuroscience and Functional Genomics 

Laboratory-Delhi Technological University, a laboratory validly incorporated under the State laws of Delhi.  

“Documentation” shall mean manual materials and accompanying printed matter.  

“Software” shall mean all of the files, documents, and other content, owned by NCKB_MNFGL-DTU or 

its licensors, that are delivered to you by NCKB_MNFGL-DTU at the same time as this EULA but that are 

not defined as “Third-Party Software.”  

“Server Software” shall mean Software files, documents, and other content that are offered to you by 

NCKB_MNFGL-DTU for purposes of operation with said files and content on your server hardware. Any 

use of Server Software requires valid server licenses (at least one, with the number depending on the nature 

of the NCKB-Files System), user licenses in accordance with an agreement with NCKB_MNFGL-DTU, 

and a license code.  

“License Code” shall mean an activation code that allows you to gain access to the Server Software and is 

delivered to you by NCKB_MNFGL-DTU. The License Code is a technical mechanism, and it does not 

alter any rights or confer additional ones.  

“Client Software” shall mean Software files, documents, and other content that are offered to You by 

NCKB_MNFGL-DTU for purposes of running, use, and display of Software tools and the client interface 

on Your terminal devices. Any use of Client Software is subject to valid user licenses.  

“Upgrade” shall mean software offered to you by NCKB_MNFGL-DTU for the purpose of replacing an 

older version of the Software and the related agreement and licenses with the latest versions.  

“Third-Party Software” shall mean third-party-originated files and content that are delivered to you by 

NCKB_MNFGL-DTU with the Software but licensed to you by a third party under the terms and conditions 

of a separate agreement. All such agreements are included in the documentation or in appendices thereto. 

Nothing in this EULA shall be construed as authorizing you to deviate from your obligations under third-

party licenses, including but not limited to by removing copyright or other notices.  

2. GRANTING OF LICENSE  

If you acquired the Software from NCKB_MNFGL-DTU or one of its authorized distributors, then, subject 
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to payment of the applicable fees and compliance with the terms of this EULA, NCKB_MNFGL-DTU 

grants you limited license to use and install the Software in the manner described below.  

You are authorized to utilize the Software only for your internal needs, or, if you are a legal person, only for 

internal research purposes pursued by your lab members or other persons who are working for you, on your 

behalf, and for your benefit.  

2.1 Documentation: NCKB_MNFGL-DTU grants you worldwide, nonexclusive, nontransferable, and 

perpetual license to use the Documentation. You may make copies of the Documentation for Your own 

internal research purposes.  

2.2 Evaluation: If you acquired the Software for evaluation purposes, NCKB_MNFGL-DTU grants you 

nonexclusive, nontransferable license for 30 days to install and use the Software in order to find out 

whether the Software is suitable for your needs. An evaluation license shall be available for you only once 

and only for a period of 30 days. You are authorized to use and run the Software solely for testing and 

evaluation purposes, and you may not use the Software subject to evaluation license for any other purposes, 

including but not limited to profit-seeking purposes and use to gain technical or other information for 

commercial use.  

2.3 Server Software: If you purchased a perpetual license to set up and use a new Master Server, 

NCKB_MNFGL-DTU grants you nonexclusive, nontransferable, perpetual, local, and restricted license to 

install, run, and use the Server Software on a single designated Master Server in Your NCKB-Files System.  

If You purchased a fixed-term license to set up and use a new Master Server, NCKB_MNFGL-DTU grants 

You nonexclusive, nontransferable, local, and restricted license to install, run, and use the Server Software 

on a single designated Master Server in Your NCKB-Files System for the period that Your payment covers. 

Please save all purchase confirmations and receipts for your payments.  

You may create backup servers and make copies of the Server Software but solely for backup purposes. 

You may not use, run, load, or copy (temporarily or permanently, in whole or in part) the Server Software 

that is installed on Your backup server, other than to the extent technically necessary for up-to-date backup. 

You may not transfer Your License Code from Your designated server to your backup server.  

2.4 Replica Server Software: If You have acquired a license to set up a replica server in Your NCKB-Files 

System, NCKB_MNFGL-DTU grants You license to copy the necessary portions of the Server Software to, 

and run them on, a server that You have set up as a replica server in order to manage Your own content 

better and to enable more effective decentralized data processing in Your NCKB-Files System. It is stated 

for avoidance of doubt that you may not use the Server Software for any other purposes under a replica 

server license and that said license does not authorize you to set up any new Master Servers.  

2.5 Client Software: NCKB_MNFGL-DTU grants you nonexclusive, nontransferable license to install 

Client Software on terminal devices. Any use of Client Software, including but not limited to making 

temporary or permanent copies for the purpose of running the Software, is subject to the holding of the 

appropriate valid licenses and payment of the respective fees.  

Named User Licenses must be assigned to specific individuals. The license authorizes the named person to 

access the NCKB-Files System and to use, run, and display the Software. You may not transfer the license, 

but you may reallocate the licenses you have purchased.  

A Concurrent User License is a nontransferable authorization for the agreed maximum number of users to 

access the NCKB-Files System, and to use, run, and display the Software, at any time.  

Read-only Named User Licenses must be assigned to specific individuals. The license authorizes the named 

person to access the NCKB-Files System, display the Software, and make any technically necessary 

temporary copies of the Software, all for the sole purpose of viewing the content you have created. You 

may not transfer the license, but you may reallocate the licenses you have purchased.  

Fixed-Term User Licenses must be assigned to specific individuals. The license authorizes the named 

person to access the NCKB-Files System and to use, run, and display the Software for the period of valid 

fixed-term license. You may not transfer the license to any external natural or legal person, but you may 

reallocate the licenses you have purchased.  

Cloud Service User Licenses must be assigned to specific individuals. The license authorizes the named 

person to access NCKB-Files cloud servers and to use, run, and display the Client Software for the period 

of valid cloud service license. You may not transfer the license to any external natural or legal person, but 

you may reallocate the licenses you have purchased.  

3. RESTRICTIONS  
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All servers, whether Master Server, backup server, or replica server, must be set up in the country from 

which your purchase order was placed. You may not transport or transfer your servers or server licenses 

outside that country.  

As this is an end-user license, you acknowledge that any dissemination or distribution, whether by loaning, 

selling, hiring out, or otherwise transferring the Software, is strictly prohibited.  

You also agree and understand that You are not allowed to remove or circumvent any digital rights 

management mechanism, and You may not use the Software in conjunction with, or with the assistance of, 

any codes, keys, mechanisms, or hardware or software components that are meant to circumvent the 

protection and that are supplied to You by someone other than NCKB_MNFGL-DTU or one of its 

authorized distributors.  

You do not have permission to make any modifications to the Software or to create derivative works or 

make alterations to the Software for any purpose. You are not allowed to decompile, disassemble, or 

reverse-engineer the Software. Should you have any questions or need guidance in relation to 

interoperability issues, please contact dtuneurosciencelab@gmail.com for further information.  

4. UPGRADES  

Subject to separate fee and purchase, you are invited to replace Your Software and accompanying licenses 

with the latest versions from time to time. All such Upgrades shall be purchased separately and for the 

entire system at one time. It is not stated for avoidance of doubt that purchasing an Upgrade does not add to 

the number of your licenses, nor does it grant you the right to set up a new NCKB-Files System.  

5. OWNERSHIP  

The Software, any copy made thereof, and all rights therein, including but not limited to copyrights, trade 

secrets, and industrial rights, are owned by NCKB_MNFGL-DTU and/or its licensors. These rights are 

protected by the provisions of international treaties and applicable national law. All rights not expressly 

granted to you in sections 2.1–2.5 of this EULA are reserved to NCKB_MNFGL-DTU and its licensors. 

The Software is licensed, not sold, and you do not acquire any rights of ownership in the Software.  

All rights that you have for the content you have stored in the system and that is processed by the Software 

shall remain in your ownership. You are fully responsible for your own data and all content that you enter 

in the NCKB-Files System.  

6. CONFIDENTIALITY  

The structure, organization, and code of the Software are confidential information of NCKB_MNFGL-DTU 

and/or its licensors. Technical and non-technical information that you may receive along with the access to 

the Software shall be kept confidential. You may use such information only in accordance with this EULA.  

7. WARRANTY  

YOU AGREE THAT THE SOFTWARE IS PROVIDED TO YOU "AS IS," WITHOUT WARRANTY OF 

ANY KIND, EXPRESS OR IMPLIED, AND TO THE MAXIMUM EXTENT PERMITTED BY 

APPLICABLE LAW NEITHER NCKB_MNFGL-DTU NOR ITS LICENSORS MAKE ANY 

REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED, INCLUDING BUT NOT 

LIMITED TO WARRANTIES OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR 

PURPOSE OR THAT THE SOFTWARE WILL NOT INFRINGE ANY THIRD-PARTY PATENTS, 

UTILITY MODELS, COPYRIGHTS, TRADEMARKS, OR OTHER RIGHTS. NCKB_MNFGL-DTU 

DOES NOT WARRANT THAT THE SOFTWARE MEETS YOUR REQUIREMENTS OR THAT THE 

OPERATION OF THE SOFTWARE WILL BE UNINTERRUPTED OR ERROR-FREE.  

8. LIMITATION OF LIABILITY  

IN NO EVENT SHALL NCKB_MNFGL-DTU, ITS LAB MEMBERS, OR ITS LICENSORS BE LIABLE 

FOR ANY DIRECT, INDIRECT, INCIDENTAL, PUNITIVE, SPECIAL, OR CONSEQUENTIAL 

DAMAGES, REGARDLESS OF HOW THESE WERE CAUSED AND WHETHER ARISING UNDER 

CONTRACT, TORT, NEGLIGENCE, OR ANY OTHER AREA OF LAW OR FROM LIABILITY 

ARISING OUT OF THE USE OF OR INABILITY TO USE THE SOFTWARE, EVEN IF 

NCKB_MNFGL-DTU OR ITS LICENSORS ARE ADVISED OF THE POSSIBILITY OF SUCH 

DAMAGES. IF YOUR JURISDICTION DOES NOT ALLOW EXCLUSION OF LIABILITY, THE 

FOREGOING DOES NOT APPLY TO YOU. HOWEVER, IN NO EVENT SHALL THE LIABILITY OF 

NCKB_MNFGL-DTU EXCEED THE AMOUNTS PAID BY YOU FOR THE SOFTWARE.  

9. OTHER TERMS  

9.1 Applicable law: This EULA is governed by, and interpreted in accordance with, the laws of DTU, 
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except for its conflict of law principles. The United Nations Convention on Contracts for the International 

Sale of Goods shall not apply. Should any provision or portion of this EULA be found unenforceable or 

void, the rest of the EULA remains in full force and effect.  

9.2 Settlement of disputes: If the parties are unable to reach mutual understanding by themselves in any 

case of dispute arising out of or related to this EULA, the dispute shall be settled by a single arbitrator 

appointed by the Central Chamber of Commerce of DTU. The arbitration shall take place in DTU, New 

Delhi, India.  

9.3 Order of precedence: This EULA takes precedence over any prior agreement and any communication 

or agreement translations. For avoidance of doubt, the terms and conditions of the English-language version 

shall apply in the event of any discrepancies between the EULA and a translation thereof.  

9.4 Termination: NCKB_MNFGL-DTU may terminate this EULA and revoke respective licenses with 

immediate effect in the event of your gross breach of the EULA, Your entry into liquidation or other 

insolvency proceedings, or your use of the Software to commit criminal offences or otherwise illegal acts. 

Any breach of section 2, 3, or 4 is deemed to be gross breach of this EULA.  

9.5 References: NCKB_MNFGL-DTU is allowed to mention you as a reference case. However, any use of 

logos or addition of your name to publicly available Web sites will be agreed upon separately.  

9.6 Audit: Should NCKB_MNFGL-DTU find the number of your licenses or information on your user 

accounts not to accurately reflect reality, you must provide NCKB_MNFGL-DTU with a detailed report on 

your licenses. If NCKB_MNFGL-DTU finds your report unsatisfactory, you shall allow a third-party 

auditor to conduct an audit with the scope and extent needed for prompt gathering of information on 

licenses. The cost of conducting the audit shall be borne by NCKB_MNFGL-DTU unless you are found to 

be under-licensed, in which case you shall be liable for all costs resulting from and related to the audit in 

which your lack of sufficient licenses was found.  

9.7 Improvements to the Software: Nothing in this agreement limits the rights of NCKB_MNFGL-DTU 

to make improvements to, and revisions of, the Software and related information.  

10. THIRD-PARTY SOFTWARE AND ACKNOWLEDGEMENTS  

NCKB-Files are powered by a third-party database engine: Microsoft. NCKB-Files includes software 

created by Microsoft (see www.microsoft.com/en-in/default.aspx), and the underlying end-user terms are 

valid only between you and Microsoft.  

This product utilizes the SQL Server and Visual Studio software under license from Microsoft in order to 

provide the necessary software support for loading and running the application. You are hereby granted 

perpetual license to use the software as part of the application, but this license is granted only for usage that 

is necessary for use of the application as designed, intended, and allowed. Any other use of the SQL Server 

and Visual Studio files are strictly prohibited, and anyone in breach of this agreement will be prosecuted to 

the fullest extent of the law. Neither Microsoft nor its heir or successor makes any warranties, either express 

or implied, with respect to the use of SQL Server and Visual Studio by the end user or by any third party. In 

no event shall Microsoft be liable for any direct, indirect, special, incidental, or consequential damages that 

are in any way related to Microsoft. 

 

 


