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Abstract

Neurexins and neuroligins are the most impactful SAMs on synaptic formation, with other key molecules including EphB/ephrin-B, immuno-
globulin (Ig)-containing SAMs, cadherins, and SynCAMs. These molecules facilitate synaptogenesis by linking pre- and postsynaptic terminals and 
organizing the components within them, with specific subtypes dictating whether they are involved in excitatory or inhibitory synapses. Neurexins 
and Neuroligins are a central pair of SAMs where neurexins are presynaptic and neuroligins are postsynaptic, forming a trans-synaptic complex that 
is crucial for both excitatory and inhibitory synapse formation. EphB and Ephrin-B are a pair of SAMs controls synaptic development by regulating 
glutamate receptor localization and function. Immunoglobulin (Ig)-Containing SAMs are a family of molecules includes SynCAMs and plays a role 
in shaping synapses and modulating synaptic plasticity, influencing activity-dependent remodeling of synapses. Like neurexins and neuroligins, 
cadherins contribute to both the general formation of synaptic contacts and the determination of specific synaptic partners. As members of the 
Ig-domain SAM family, SynCAMs contribute to synaptic plasticity by shaping synapses and promoting activity-dependent remodeling. SAMs act as 
“bridges” to connect pre- and postsynaptic neurons, forming the foundation for stable synaptic connections. They recruit and organize specific sets 
of proteins to the pre- and postsynaptic terminals, ensuring the proper assembly of synaptic machinery. Different SAM subtypes can specify different 
types of synapses, ensuring that excitatory and inhibitory synapses are formed at the correct locations. Specialized motifs within SAMs can induce 
downstream signaling pathways that control aspects of synaptic development and plasticity.
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Introduction
Synaptic Adhesion Molecules (SAMs) organize and stabilize 

synapses, mediating protein-protein interactions across the synap-
tic cleft to facilitate formation and function of neural circuits [1,2]. 
Prominent examples include neurexins and neuroligins, which in-
teract to organize presynaptic and postsynaptic components and 
establish specific excitatory or inhibitory connections. SAMs are es-
sential for synaptic plasticity, with their expression and localization 
regulated by synaptic activity, and they play roles in both synapse  

 

formation and long-term function. SAMs are crucial for the initial 
establishment and proper development of synapses by coordinat-
ing molecular components. They form trans-synaptic bridges and 
complexes that align pre- and postsynaptic machinery, ensuring the 
proper positioning of neurotransmitters and receptors. SAMs ena-
ble bi-directional signaling between presynaptic and postsynaptic 
neurons, mediating interactions that drive synaptic differentiation 
and plasticity. SAM function can be modified by synaptic activity,
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influencing protein levels, interactions, and localization, which con-
tributes to the dynamic nature of synaptic strength. A well-studied 
pair of SAMs that form a bridge between the presynaptic (neurexin) 
and postsynaptic (neuroligin) membranes, playing critical roles in 
synapse formation and function. Cadherins are a class of SAMs that 
contribute to synaptic adhesion and organization within neural 
networks. Immunoglobulin superfamily (IgSF) members include 
various SAMs like neuroligins, which are involved in synaptic as-
sembly and stability. Amyloid Precursor Protein (APP) family are 
proteins like APP, APLP1, and APLP2 are also considered SAMs due 
to their roles in synapse formation and plasticity. SAMs typically 
form complexes with different partner molecules on the opposing 
neuron, creating specific binding interactions. Different subtypes 
and variations of SAMs allow for fine-tuning of synaptic connec-
tions, ensuring that specific types of excitatory or inhibitory syn-
apses are formed. Neuronal transmission relies on signals transmit-
ted through excitatory and inhibitory synaptic connections. Contact 
between axons and dendrites leads to synapse formation, with ax-
onal and dendritic filopodia playing key roles. Changes in morphol-
ogy and molecular content result in the formation of mature syn-
apses, characterized by the accumulation of synaptic vesicles and 
receptors at the synaptic junction. Especially in pediatric diseases 
like autism and epilepsy, recent research focus on the relation to 
synaptic dysfunction in these pediatric patients and in other neu-
rodevelopmental disorders. 

Key Feature of SAM`s

Synaptic Adhesion Molecules (SAMs) are cell-surface proteins 
that facilitate connections between neurons at synapses, mediating 
key functions like synapse development, stabilization, and signaling. 
They bridge the pre-synaptic and post-synaptic membranes, direct-
ly participating in structural adhesion and also transmitting signals 
that regulate synapse formation, function, and plasticity. Examples 
include immunoglobulin superfamily members like SynCAMs and 
SALMs/Lrfn proteins, which have diverse roles in organizing syn-
aptic architecture and influencing neural activity. Key functions 
SAMs are recognizing specific neuronal targets, stabilizing initial 
contacts between neurons, and guiding the formation of new syn-
apses. They are crucial for the long-term stability and organization 
of mature synapses. Beyond physical adhesion, SAMs act as recep-
tors, relaying signals to the cytoplasm that control cellular events 
like the formation of dendritic spines and the modulation of syn-
aptic strength. SAMs can interact with other synaptic proteins and 
receptors, influencing the dynamic changes in synaptic strength as-
sociated with learning and memory. SAMs can form complexes with 
other molecules on neighboring cells, creating a bridge across the 
synaptic cleft. They can also bind to intracellular partners, such as 
the scaffolding protein PSD-95, which then recruits other proteins 
to the synapse or triggers intracellular signaling pathways. This in-
teraction allows SAMs to regulate the recruitment and activity of 
synaptic components, thereby modulating synaptic function.

Examples of Synaptic Adhesion Molecules

Neurexin: It is a family of cell adhesion molecules that play a 
crucial role in the formation and function of synapses in the nerv-
ous system [1,3]. There are two main types, α-neurexin and β-neu-
rexin, and through alternative splicing, many different variants are 
generated that differ in their function. Neurexins bind to postsyn-
aptic proteins such as Neuroligin and are associated with neurolog-
ical disorders such as autism and schizophrenia. Neurexins are pre-
synaptic cell adhesion molecules that bind to postsynaptic proteins 
such as Neuroligin. They play a role in coupling calcium channels 
and vesicle exocytosis to ensure the release of neurotransmitters. 
They influence synaptic strength and plasticity, such as Long-Term 
Potentiation (LTP). 

Synaptic Cell Adhesion Molecules (SynCAMs): These are mem-
bers of the immunoglobulin-like protein family that form transsyn-
aptic adhesion complexes, contributing to synaptic structure and 
function. 

Synaptic Adhesion-like Molecules (SALMs/Lrfn proteins): A 
family of proteins containing leucine-rich repeat (LRR) and fi-
bronectin III domains, SALMs are involved in synapse development 
and function and are linked to certain brain disorders. 

Neural Cell Adhesion Molecule (NCAM): A prominent member 
of the immunoglobulin superfamily that plays a role in various as-
pects of synaptic development and function. 

Discussion
Understanding the molecular signals that guide neurons to 

form synaptic junctions is a key challenge in cellular neuroscience. 
Many proteins that promote synaptic junction formation share 
a common feature-they create strong bonds across the synapse 
through adhesive interactions [1-4]. Adhesive interactions play 
a crucial role in synaptic junction organization, engineered adhe-
sion molecules rely on intracellular signaling to facilitate synapse 
organization [5-7]. These innovative adhesion molecules serve as 
valuable tools for manipulating synaptic organization patterns and 
adhesion in various systems [1-7]. Synaptic cell adhesion molecules 
play a crucial role in synapse formation. Among these molecules, 
synaptic adhesion-like molecules have been identified as key reg-
ulators of neurite outgrowth and synapse maturation. In particu-
lar, SALM3 and SALM5 have been found to induce both excitatory 
and inhibitory presynaptic differentiation in axons. These proteins 
are enriched in synaptic fractions and interact with Postsynaptic 
Density-95 (PSD-95), a scaffolding protein at excitatory synapses. 
SALM3 induces clustering of PSD-95 on dendritic surfaces, while 
SALM5 is involved in the formation and function of excitatory and 
inhibitory synapses. This suggests that SALM3 and SALM5 play 
distinct roles in promoting synapse formation through different 
mechanisms. Cell-adhesion molecules in multicellular organisms 
connect cells into tissues and mediate intercellular signaling [8-10]. 
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In vertebrate brains, synaptic cell-adhesion molecules play a cru-
cial role in synapse formation, specification, and plasticity [11,12]. 
While some SAMs promote synaptic specialization, genetic deletion 
of SAMs often impairs synaptic transmission without affecting syn-
apse numbers. Recently, novel SAMs from bacterial proteins, named 
‘Barnoligin’ and ‘Starexin’, which drive synapse formation in a spe-
cific and directional manner in cultured neurons, were found. These 
engineered adhesion proteins require both extracellular and intra-
cellular domains for synapse formation, supporting a model where 
SAMs drive synapse organization through adhesive interactions 
and signaling cascades. Synapses in neural circuits rapidly transfer 
and transform information between neurons. The computation-
al properties of synapses are influenced by interactions between 
pre- and postsynaptic neurons. The mechanisms behind synapse 
assembly and specificity remain largely unknown. Various SAMs 
work together to achieve the specificity and plasticity of synaps-
es, each contributing unique functions. SAMs likely function as sig-
nal transduction devices in orchestrating synapse assembly. While 
many SAM candidates exist, only a few have a significant impact on 
synapse formation. It is possible that a limited set of collaborating 
SAMs are responsible for synapse formation. Notably, several SAMs 
are associated with neuropsychiatric disorders, suggesting that dis-
ruptions in synapse assembly may contribute to these conditions. 

Multicellular organisms rely on cell-adhesion molecules for 
tissue integrity and intercellular communication. In the verte-
brate Central Nervous System (CNS), Synaptic Adhesion Molecules 
(SAMs) play a crucial role in organizing synaptic junctions and 
facilitating synaptic transmission. However, the function of SAMs 
in synapse formation has been a subject of debate. Studies have 
shown that overexpression of SAMs like Neuroligin and Neurexin 
in non-neuronal cells can induce the formation of synaptic spe-
cializations in co-cultured neurons. This led to the hypothesis that 
SAMs stimulate synaptic assembly. However, genetic deletion of 
these SAMs in mice did not result in a significant deficit in synapse 
numbers, challenging this view. Further research has revealed that 
while some SAMs drive synapse organization when overexpressed 
in non-neuronal cells, they are not essential for synapse formation 
in vivo. In contrast, adhesion-GPCRs like BAIs and latrophilins, and 
their ligands, have been found to be crucial for synapse formation 
In-vivo. These findings suggest that SAMs can be classified into two 
groups: those that “make” a synapse, like latrophilins and BAIs, and 
those that “shape” a synapse, like Neuroligin and Neurexin. This 
distinction highlights the complex role of SAMs in synaptic devel-
opment and function. Understanding the mechanisms that drive 
synapse organization is a fundamental challenge in cellular neuro-
science. Evidence suggests that synaptic adhesion molecules play a 
crucial role in aligning synaptic machinery, but testing their role as 
physical forces in synapse formation is challenging. While mouse 
genetics have enabled the inactivation of SAM gene families, elimi-
nating all synaptic adhesion would require identifying all SAMs in 
the CNS and disabling them simultaneously. Our approach of creat-

ing novel adhesion molecules demonstrates that adhesion between 
neuronal membranes is likely necessary for synaptic machinery or-
ganization. The diversity among SAMs capable of inducing synaptic 
organization in cultured neurons suggests that their extracellular 
domains need only form a functional adhesion complex to induce 
synapse organization. Some synapses may require multiple SAMs 
for sufficient adhesion, while others may rely on a subset. Genetic 
deletion of SAMs reduces synapse formation in specific cell types, 
indicating the collective role of SAMs in securing adhesive interac-
tions for synapse organization. High-affinity adhesion is essential 
for synapse formation, but our engineered adhesion molecules also 
require intracellular sequences from SAMs for full effectiveness in 
organizing synapses. This suggests that adhesion alone is not suf-
ficient and requires intracellular signaling once the adhesion com-
plex is formed. Future studies could explore how different SAM in-
tracellular domains drive synapse formation and their contribution 
to excitatory versus inhibitory synaptic organization.

In conclusion, Synaptic Adhesion Molecules (SAMs) like MDGAs 
play a crucial role in forming and maturing synaptic connections in 
neural networks. This discovery sheds light on how SAMs regulate 
synaptic organization and function. Further research is necessary 
to further evaluate the role of SAM in neurological disorders like 
autism, epilepsy and other neurodevelopmental disorders in child-
hood.
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