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The structure of Neurexin 1α (n1α) and its role as synaptic organizer
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Abstract: α - and b-neurexins (NRXNs) are transmembrane adhesion protein complexes localized in presynaptic membranes into 
neurons and interact with the postsynaptic neuroligins (NLGNs). Our findings indicate that the neurexin 1α (n1α) is a synaptic 
organizer that directs postsynaptic development in neurons, evidenced in GABAergic neurons and trials with Knock-out Mice. Also, 
the interactions between hypervariable surfaces of n1α and ligands (neurexophilin, a-dystroglycan, and GABAA) promotes a proper 
protein-binding recognition, and consequently, a better synaptic adhesion. 

There is a direct relationship between mental disorders and the n1α assemblage because NRXN1 gene encodes for n1α proteins which 
are involved in the transmission of information into the brain. For this reason, damage in this complex-protein or some neurexin gene 
variations causes pathological abnormalities and neuropsychiatric diseases such as schizophrenia, autism spectrum disorders, and 
intellectual disabilities.
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Introduction
The molecular dynamic of neurons consists of projections be-
tween several postsynaptic partners trough different connections. 
In neural circuits, the structure of n1α carries out connectivity 
through a synaptic adhesion and directs the neural postsynaptic 
development such as the interconnection of GABAergic neurons 
(neurons that use GABA as its neurotransmitter)1. 

N1α are a type of synaptic organizers anchored mostly to 
the pre-synaptic membranes that promote synapse formation 
through signaling and trans-synaptic adhesion.2 The glob-
al organization of n1α is a combination of flexible and rigid 
binding domains, which composition promote the allosteric 
regulation of protein partner binding and the synaptic cleft. 
The singular shape of n1α is produced by interplay the struc-
tural elements within modules of laminin, neurexin or globu-
lin, and with other postsynaptic arrangements like NLGNs.3 

Table 1: (Pereira J. Some 
diseases related to varia-
tions of neurexin1α. Ibarra; 
2018). The table shows 3 
of the most severe neuro-
logical illness related to the 
variations into neurexin1α. 
We can see that (CNV) is 
the constant factor that con-
cern to the majority of neu-
rological illness linked to 
variations of NRXN1α.

On the other hand, diseases linked to the malfunction of the n1α 
have a broad spectrum. This protein-complex is directly linked to 
the synapses of neurons and the subsequent processing of infor-
mation into neural circuits.4 This review will explain the architec-
ture and the functioning of the n1α, and likewise, its impact both 
in synapsis organization and in the development of some types of 
pathologies such as autism and schizophrenia. As a result of any 
malfunction, damage, mutation or deletion in the NRXN1 gene. 

Definition and structure of Neurexin 1α

Neurexins are important synaptic cell adhesion molecules 
(CAMs) from a family of mostly presynaptic adhesion proteins 
involved in neuronal networks.5 They form trans-synaptic com-
plexes with postsynaptic neuroligins and other binding partners in 
the synaptic cleft such as endogenous ligands including LRRTM 
family members (a transmembrane protein that leads presynap-
tic differentiation in contacting axons), neurexophilin (neurex-
in-binding proteins), a-dystroglycan and GABAA receptors2. The 
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extracellular domain consists of three neurexin repeats (I, II and 
III) containing the LNS-EGF-LNS modules. Three EGF-like re-
peats intersperse the six LNS domains, and six splice inserts SS1-
SS6 which interact with proteins as the Figure 1A shows and the 
cytoplasmic tails that interact with exocytotic machinery.2,5 

Figure 1. A) N1α is composed of six LNS or LG domains (blue 
squares) interspersed by three EGF like repeats (yellow ovals A, 
B, C). L6 is linked to a transmembrane segment (tms). Neurexin 
repeats I, II and III contains the splice inserts. B) A ribbon dia-
gram of bovine n1a with domains L2–L6. The yellow compart-
ments are b strands and α helices; loop b11-b12 is shown in blue, 
and the EGF-like repeats are in orange. There are imperceptible 
N-linked oligosaccharide chains attached to the complex. C) The 
n1α complex with b-loops and the ‘‘hypervariable surface’’ that 
carries a Ca2+-binding site (blue sphere).

The n1α is expressed by the NRXN1 gene located on chromo-
some 2p16.3 that spans 1.12 Mb and contains 23 exons, being one 
of the most significant known human gene.6 It is exposed to rel-
atively frequent damage including mutations, missense changes, 
translocation, complete gene deletion, and intragenic copy num-
ber alterations.7 

Moreover, they contain an O-linked carbohydrate attachment 
sequence and a cysteine loop domain. Therefore, α NRNXs are 
diversified synaptic organizers with alternative mRNA splicing, 
which allows the formation of the ‘‘transsynaptic dialog’’ and the 
synapse maturation for a transmission efficiency6,8.

To solve the structure of n1α, an X-ray crystallography of bovine 
neurexin is used to obtain a resolution of 2.65 A° and n1a+SS3 
to 2.95 A°. The crystal structure reveals an L-shaped molecule 

separated in repeats I, II and III. The first one is flexible due to 
the L1 and EGF-A are nonvisible; the second repeat is a horse-
shoe-shaped L3-EGF-B-L4 globular structure and repeats III 
adopts an L5-EGF-C-L6 extensive configuration. Furthermore, 
they contain a hypervariable surface with loops conformed by a 
Ca2+-binding site and splice inserts SS2, SS3, and SS4. 3,8 (Figure 
1 C)

Synaptic functioning

Due to the hypervariable surfaces of L2, L3, L4, L5, and L6 are 
putative binding sites of one side of the molecule, interacting li-
gands would assemble on just one side of the extracellular do-
main. This characteristic facilitates presynaptically tethered n1α 
to select multiple conventions of protein-partner recognition.9  
(Figure 1B)

Spatial n1α architectures suggest a sizeable macromolecular 
complex in the synaptic cleft, where protein partners interact with 
two LNS domains. By this way, they are capable of acting in a 
cell-specific way. One evidence is the synapses formed between 
GABAergic-cholinergic motor neurons of the motor circuit of 
nematode Caenorhabditis elegans and the body wall muscles.1 

The n1α directs the outgrowth of dendritic spine-like structures 
due to post-synaptic morphological development, but it is not 
necessary for synaptic connectivity with muscles. 

Furthermore, the assemblage of cascades of synapses in over-
lapping neural circuits is significant for an organism’s survival, 
by integrating and processing sensory inputs to motor outputs. 
The communication between neurons via synapses is essential for 
the transformation of information and cognitive performance in 
the brain.10  N1α is also required for calcium-triggered neurotrans-
mitter release and the correct working of voltage-gated calcium 
channels in the synapses of the brainstem and neocortex.19

Technics for studying n1α:

To understand the synaptic protein network, the levels of α 
neurexins and their ligands have to be manipulated in animal 
models. In the first place, the methods to analyze the conforma-
tional structure and flexibility of n1α, are based on the config-
uration of the LNS domains, L2 and L6 (which contain protein 
binding sites): 

- Individual particle electron tomography (IPET), allows the 
3D reconstruction of 110 n1α protein molecules L1-L6 at 
~15 Å. These individual particles are large, multi-domain 
synaptic organizers like contactin-associated, protein-like-2 
(CNTNAP2) and calsyntenin-3 (CLSTN3)1.

- X-ray crystallography to analyze the structure of n1 α L2-L3 
to 2.8 Å. 

- SAXS, to determine the impact of splice insert SS6 on the 
flexibility of n1 α repeat III (L5-EgfC-L6), and consequently 
in neuronal activity.

This kind of methods determines the allosteric control and pro-
tein partner biding of n1 α architecture platform. On the other 
hand, scientist do some experiments with a knock out rats using 
techniques of molecular biology. This method of knockout (KO) 
animals is useful to demonstrate the essential role of the NRXN 
genes in synaptic transmission, extracellular synaptic interactions 
and the regulation of N- and P/Q-type Ca2+ channels.11

They produce a heterozygous partial deletion in the n1α gene 
(NRXN1, 2p16.3) and make comparisons between the behavior 
of knock out individuals and normal ones, to show that alterations 
in n1α cause ASD.12 The behavioral testing of mice consists of 
multiple deletions of the a-isoforms of NRXN to analyze the phe-
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notypes of relevance to human disorders. Mice have exposed to 
anxiety, cognitive, social and buried food tasks, which alterations 
are symptoms of autism in some human patients. The investiga-
tors perform three trials with an open field, light/dark box, and 
elevated plus maze in both male and female individuals.10,11 

The results of genotype-phenotype correlation present in Nrxn1α 
KO Mice (with the absence of NRNX1), shows that knock out 
mice present some behavioral symptoms highly associated with 
ASD.12 Also, the male population suffer more of reduced loco-
motor activity, reduced nest building, abnormal pattern of spatial 
memory and an increase of anxiety/altered social behaviors like 
aggression, social impairment and inflexibility/stereotype.12,13 

Neuropsychiatric disorders

The dysfunction of n1α protein and alterations in genes encod-
ing neurexins or neuroligins cause variations in excitatory and 
inhibitory transmission. The hemizygous exonic deletions within 
the NRNX 1 gene is involved in neuropsychiatric diseases and 
cognitive illnesses such as intellectual disability, developmen-
tal delay, autism spectrum disorder (ASD) and schizophrenia 
(SZ).8 For the proper study in human, mammals contain three 
neurexin genes (NRXN1-3), which encodes for two isoforms, 
an extracellularly longer α -neurexins and shorter b-neurexins.3  
 
Schizophrenia

Schizophrenia is a severe mental illness that affects the perception 
of the individual by altering the reality14 directly. There are some 
critical factors that affect the correct function of n1α:  the copy 
number variations, the single nucleotide polymorphism (SNP), 
point mutations and gene deletions.4

The development of this disease is due to interactions between 
n1α and the isoforms of neuroligin and neurexin-attach organic 
compounds that form neurexophilins. This complex is involved 
in the mechanism of the differential electric potential of calcium 
channels, which is essential in the synaptic transmission of in-
formation on the brain.15 On the other hand, the chromosomal 
copy number variations (CNV) include genes involved mainly 
in sensory perception. Therefore, any n1α gene deletion affects 
neurocognitive skills/deficits and cause psychiatric disorders.4 

Autism

Autism spectrum disorder (ASD) covers many symptomatologies 
and phenotypic expression that make social interactions diffi-
cult.16 One strong evidence is the missense mutations and dele-
tions in exons which produce abnormal n1α. Besides, scientific 
studies showed that CNVs in n1α are associated with cognitive 
capability alterations and language development disorders related 
to autism17

In this sense, CNVs are a vital source of genetic variation resulted 
in phenotypic diversity and evolution; but its high amount leads 
a copy number polymorphism (an indicator of genomic insta-
bility) and pathogenesis like cancer disease. Experimental trials 
with computational programs demonstrate that many mutations 
and abnormal frequencies in CNVs, during transmission between 
generations, change the secondary structure and the functionality 
of n1α protein, and consequently, produce ASD. 4

Intellectual disabilities

Intellectual disability is a term used when a person has some lim-
itations in their brain functioning. This illness prevents a healthy 
development in communication and social skills because it pro-
duces a slow learning process and a minor intellectual coeffi-
cient.18 The leading cause is a deletion of a part of the gene that 
codifies for n1α protein, making difficult the transmission of in-
formation into the brain.19,20

Conclusions 

Neurexins 1α is essential transmembrane cell-adhesion proteins 
that modulate synaptic activity in the central and peripheral ner-
vous system. The n1α architecture influences the transmission of 
information on the brain and the proper recruitment and organi-
zation of n1α protein partners. This is essential for better perfor-
mance in regulation and synaptic transmission between neural 
circuits.

NRXNs damage represents a synaptic failure that affects imme-
diately their proper releasing of full potential and contributes to a 
broad spectrum of neuropsychiatric disorders such as autism and 
schizophrenia. The variation in CVG that encode for α-NRXN1 is 
the most critical factor because of duplications, deletions or muta-
tions in the gene that can be catastrophic for the individual.

There are some new methods in the molecular biology field to 
study the conformation and the functionality of the neurexin 1α, 
such as the tomography IPET, X-ray crystallography, SAXS, and 
knockout animals. The last one (KO), has allowed the modifica-
tion of the genome of rats in order to make advances in studies of 
pathologies that affect the human’s neuronal activity directly, and 
help to perform more reliable clinical trials to improve the quality 
of patients.
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