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What are cell junctions
❖Definition:
❑Specialized areas where two or more cells come into direct contact

❑Provide connections between adjacent cells and between cells and the extracellular 
matrix

❑Essential for maintaining tissue integrity and coordinating cellular activities

❖Functions:
❑Cell-to-cell adhesion

❑Sealing epithelial sheets

❑Direct intercellular communication

❑Mechanical strength and stability

❖Why Important?
❑Form organized multicellular structures

❑Coordinate activities of individual cells

❑Maintain tissue organization and function
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Classification of cell junction
Category Function Types

OCCLUDING JUNCTIONS Seal extracellular space
Tight Junctions, Septate 

Junctions

ANCHORING JUNCTIONS Mechanical attachment

Cell-Cell: Adherens Junctions, 

Desmosomes; Cell-Matrix: 

Focal Adhesions, 

Hemidesmosomes

COMMUNICATING JUNCTIONS Allow molecular exchange
Gap Junctions, 

Plasmodesmata
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Junctional 
Complex 
Overview
Typical Epithelial Cell Junction 
Arrangement (Apical to Basal):

Tight Junctions (Zonula Occludens)

Located most apically

Seals intercellular space

Adherens Junctions (Zonula Adherens)

Forms continuous belt

Links actin filaments

Desmosomes (Macula Adherens)

Scattered spots of adhesion

Links intermediate filaments

Gap Junctions

Allow molecular communication

Located basolaterally
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Part I
Occluding Junctions
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Tight Junctions - Structure & 
Function

❖Definition:
❑Junction that seals the gap between adjacent epithelial cells

❑Prevents molecules from leaking between cells (paracellular pathway)

❑Acts as a "fence" maintaining plasma membrane domain polarity

❖Location:
❑Most apical region of epithelial cell sheets

❑Found in intestinal epithelium, kidney tubules, blood-brain barrier

❖Primary Functions:
❑Barrier Function – Blocks paracellular transport

❑Fence Function – Prevents mixing of apical and basolateral membrane proteins

❑Ion Selectivity – Some tight junctions allow selective ion passage
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Tight Junction Molecular 
Components
Main transmembrane protein

Protein Function Characteristics

Claudins
Primary sealing 

component

24 different 

types in 

humans; forms 

main structure

Occludin
Regulatory 

protein

Determines 

permeability; 

not essential 

for structure

Tricellulin
Three-cell 

sealing

Prevents 

leakage where 

3 cells meet

Cytoplasmic Scaffold Proteins (ZO 
proteins)

❖ZO-1, ZO-2, ZO-3 (Zonula 
Occludens proteins)

❖These protein has different 
domains:
❑PDZ interacts with claudin and ZO 

proteins

❑GK interacts with occluding

❑P interacts with actin

❑SH3 interacts with signalling protein

19-01-2026© Dr. Sagar Adhurya <www.sagaradhurya.in>

8



19-01-2026© Dr. Sagar Adhurya <www.sagaradhurya.in>

9



19-01-2026© Dr. Sagar Adhurya <www.sagaradhurya.in>

10



Tight Junction 
Structure 
(Electron 
Microscopy 
View)
Freeze-Fracture Appearance:

Appears as branching network 
of sealing strands

Strands completely encircle 
each epithelial cell

Strands run parallel to apical 
cell surface

Conventional EM View:
Shows focal connections 
between outer plasma 
membrane leaflets

Creates intermittent sealing 
points across intercellular gap

Maintains 10-20 nm 
intercellular space
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Permeability and Ion Selectivity

❖Paracellular Transport Control:
❑Variable permeability depending on claudin composition

❑Intestinal tight junctions: 10,000x more permeable to Na+ than bladder TJs

❑Kidney tubule thick ascending limb: selective Mg²⁺ permeability via claudin-16

❑Shows claudins form selective pores in the extracellular space

❖Clinical Example:
❑Claudin-16 mutation → abnormally low Mg²⁺ blood levels

❑Mg²⁺ is lost in urine instead of being reabsorbed

❑Demonstrates the importance of claudin selectivity
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Septate Junctions
❖Definition:
❑Occluding junctions found primarily in invertebrates 

(Drosophila, other arthropods)
❑Occasionally found in some vertebrate tissues

❖Structure:
❑Rows of sealing strands with characteristic 10-15 nm 

spacing
❑Septate (septa = walls between) appearance
❑Appear as ladder-like structures under EM

❖Function:
❑Block paracellular diffusion
❑Seal epithelial sheets
❑Maintain barrier function (similar to tight junctions)

❖Molecular Components:
❑Different proteins than mammalian tight junctions
❑Includes neurexin, contactin, and other cell adhesion 

molecules (CAMs)
❑Shows evolutionary variation in junctional mechanisms
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Sepate junction in developing 

trachea in Drosophila



Tight Junction Diseases and 
Dysfunction
Condition

What is wrong at the 

junction/barrier?
Simple effect

Claudin-1 deficiency
Mutation in claudin-1 

tight-junction protein in skin

Very leaky skin barrier → 

severe water loss, dehydration 

(lethal in mice)

Crohn’s disease

Tight junctions in intestinal 

epithelium become “leaky” 

(change in claudin pattern)

Increased paracellular leak → 

inflammation of gut wall

Type 2 diabetes (kidney)

Thickening of glomerular and 

tubular basement membranes, 

plus changes in 

junction/claudin expression in 

renal epithelium

Protein starts leaking into 

urine; progressive diabetic 

kidney disease
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Part II
Anchoring Junctions
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Anchoring Junctions - Overview

❖Definition:
❑Junctions that mechanically attach cells to other cells or to extracellular matrix

❑Transmit mechanical forces across tissues

❑Provide structural strength to tissues

❖A. CELL-CELL ANCHORING JUNCTIONS:
❑Adherens Junctions (Zonula Adherens)

➢ Link actin filaments between cells

❑Desmosomes (Macula Adherens)
➢ Link intermediate filaments between cells

❖B. CELL-MATRIX ANCHORING JUNCTIONS:
❑Focal Adhesions

➢ Link actin filaments to the extracellular matrix

❑Hemidesmosomes
➢ Link intermediate filaments to the basement membrane
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Adherens Junctions - Structure
❖Transmembrane Component:
❑Classical cadherins (E-cadherin, N-cadherin, P-cadherin)

❑Ca²⁺-dependent adhesion proteins

❑Homophilic binding (same cadherin to same cadherin on adjacent cells)

❖Cadherin Structure:
❑5 extracellular cadherin domains

❑Each domain joined by hinge regions

❑Ca²⁺ ions bind near hinges → maintain rigidity

❑Without Ca²⁺ → hinges become flexible, adhesion fails
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Adherens Junctions - Cytoplasmic 
Linkage

Protein Function

β-catenin
Bridges cadherin tail 

to α-catenin

α-catenin
Recruits actin-binding 

proteins

p120-catenin
Regulates cadherin 

stability

Vinculin
Reinforces linkage to 

actin filaments
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❖ Adaptor Proteins Linking Cadherins to Actin:

❖ Result:
❑ Cadherin clusters connected to contractile 

actin-myosin bundles
❑ Creates "Velcro-like" adhesion with strength 

from multiple weak interactions
❑ Junctions are dynamic and can be regulated



Adherens Junctions in Epithelia

❖Location and Arrangement:
❑Form continuous adhesion belt (zonula adherens) near apical surface

❑Encircle each epithelial cell

❑Connected to contractile actin bundles running parallel to plasma membrane

❖Function in Tissue Morphogenesis:
❑Enable coordinated contraction across epithelial sheets

❑Drive folding and invagination during development

❑Form tubes and vesicles (e.g., neural tube formation)
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Desmosomes - Structure and 
Function
❖Definition:
❑Disk-shaped (1 μm diameter) cell-cell junctions

❑Provide mechanical strength in tissues subject to stress

❑Abundant in cardiac muscle, epidermis, uterus

❖Key Features:
❑Cadherins Used: Desmogleins and desmocollins (not classical cadherins)

❑Cytoplasmic Linkage: Intermediate filaments (keratin, desmin)

❑Adaptor Proteins: Desmoplakin, plakoglobin, plakophilin

19-01-2026© Dr. Sagar Adhurya <www.sagaradhurya.in>

25



Desmosomal Components
❖Transmembrane Cadherins:

❑Desmogleins (Dsg1, Dsg2, 
Dsg3)

❑Desmocollins (Dsc1, Dsc2, 
Dsc3)

❑Mediate homophilic adhesion 
across intercellular gap

❖Cytoplasmic Plaque Proteins:
❑ Plakoglobin – Links 

desmogleins/desmocollins to 
intermediate filaments

❑ Plakophilin – Additional link 
protein

❑Desmoplakin – Anchors plaque 
to intermediate filaments

❖Intermediate Filaments:
❑ Keratin in epithelial cells

❑Desmin in cardiac muscle

❑ Create ropelike structural 
network
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Desmosomal Function and Clinical 
Disease

❖Mechanical Strength:
❑Keratin filament networks 

interconnected through desmosomes

❑Create tissue with great tensile 
strength

❑Distribute mechanical stress across 
many attachment points

❖Clinical Disease - Pemphigus 
Vulgaris:
❑Autoimmune disease against 

desmogleins

❑Results in breakdown of desmosomes

❑Severe blistering of skin and mucous 
membranes

❑Demonstrates importance of 
desmosomal adhesion
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Focal Adhesions - Cell-Matrix 
Junctions
❖Definition:
❑Integrin-mediated attachment sites where cells bind to extracellular matrix

❑Link actin cytoskeleton to matrix proteins

❖Structure:
❑Large protein complexes (>100 proteins)

❑Can be 1-10 micrometers in size

❑Dynamic structures with rapid assembly/disassembly

❖Function:
❑Transmit mechanical forces between cell and matrix

❑Sense mechanical properties of environment

❑Transduce signals affecting cell behavior
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Focal Adhesion Molecular 
Components
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Component Function

Integrins Transmembrane matrix receptors

Talin
Major adaptor protein; binds integrin 

tail

Vinculin Reinforces actin linkage

Kindlin Regulates integrin activation

Paxillin Scaffolding protein

FAK
Focal Adhesion Kinase; signaling 

enzyme

Key Proteins:

❖ Actin Linkage:
❑ Integrin cytoplasmic tails bind talin
❑ Talin recruits other proteins
❑ Network links to stress fiber actin bundles



Integrin Structure and Function

❖Heterodimeric Structure:
❑Composed of α and β subunits
❑18 α subunits × 8 β subunits = 24 different integrins 

in humans
❑Form different ligand-binding pockets
❑Ca2+ and Mg2+ affect the integrin and ligand binding

❖Integrin Activation (Inside-Out Signalling):
❑Resting integrin = low affinity for matrix proteins
❑Cytoplasmic signals → conformational change
❑High-affinity integrin binds matrix proteins 

(fibronectin, collagen, laminin)

❖Outside-In Signalling:
❑Matrix binding → conformational change
❑Recruits adaptor proteins
❑Activates signalling kinases
❑Affects cell migration, proliferation, survival
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Hemidesmosomes - Basal Cell 
Anchoring
❖Definition:
❑Half-desmosomes anchoring epithelial cells to the basement membrane

❑Found on the basal surface of epithelial tissues

❑Link epithelium to the underlying connective tissue

❖Structure:
❑Integrin-mediated (α6β4 integrin)

❑Anchors intermediate filaments to the basal lamina

❑Electron-dense cytoplasmic plaque visible on the inner membrane surface

❖Components:
❑Integrins: α6β4 (main matrix receptor)

❑Adaptor Proteins: Plectin, BP180, BP230

❑Filaments: Keratin intermediate filaments

❑Matrix Binding: Laminin-5 in basement membrane

19-01-2026© Dr. Sagar Adhurya <www.sagaradhurya.in>

31



19-01-2026© Dr. Sagar Adhurya <www.sagaradhurya.in>

32



Hemidesmosomal Diseases
❖Bullous Pemphigoid:
❑Autoimmune attack on BP180 or BP230

❑Results in blistering at the dermal-epidermal junction

❑Demonstrates the importance of hemidesmosomes in preventing separation

❖Epidermolysis Bullosa:
❑Genetic mutations in:

➢ α6 or β4 integrin genes

➢ Collagen VII gene

➢ Laminin-5 gene

❑Results in severe blistering and skin fragility

❑Shows critical importance of integrin-matrix connection
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Part III
Communicating Junctions
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Gap Junctions - Overview
❖Definition:
❑ Specialised intercellular channels connecting the cytoplasm of adjacent cells

❑Allow direct communication via small molecules and ions

❑Present in most animal tissues

❖Key Features:
❑Aqueous channels spanning the intercellular space

❑1.5 nm diameter channel

❑Selective permeability: molecules <1000 daltons pass through

❖Location and Tissues:
❑Epithelial cells, cardiac muscle, smooth muscle

❑Nervous tissue, connective tissue

❑Some immune cells
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Gap Junction Molecular 
Architecture
❖Connexin Proteins:
❑21 different human connexins (Cx types)

❑Four transmembrane domains

❑6 connexins assemble → connexon (hemichannel)

❑Two connexons (one from each cell) → complete channel

❖Connexon Assembly:
❑6 connexin subunits arranged in ring

❑Central aqueous pore approximately 1.5 nm diameter

❑Can be homomeric (all same connexin) or heteromeric (mixed connexins)

❖Channel Alignment:
❑Connexons on adjacent cell membranes must align precisely

❑Results in complete channel spanning both plasma membranes

❑Forms "gap junction plaque" containing many channels
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Gap Junction Function
❖Electrical Coupling:
❑Allows direct passage of ions (Na⁺, K⁺, Ca²⁺)

❑Synchronizes contractions in cardiac muscle

❑Coordinates peristalsis in smooth muscle

❖Metabolic Coupling:
❑Passes small metabolites: glucose, amino acids, nucleotides, ATP

❑Coordinates metabolic activities across tissue

❑Allows sharing of coenzymes in avascular tissues (lens)

❖Signaling:
❑Allows passage of intracellular signals:

➢ Cyclic AMP (cAMP)

➢ Inositol trisphosphate (IP₃)

➢ Ca²⁺ ions

❑Coordinates cellular responses to stimuli
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Gap Junction Gating and 
Regulation
❖Gating Mechanisms:
❑Channels can open or close in response to stimuli
❑Regulated by:

➢ Membrane voltage

➢ Intracellular pH

➢ Free Ca²⁺ concentration

➢ Phosphorylation

❖Physiological Importance:
❑High Ca²⁺ closes channels (protects cells during injury)
❑pH changes regulate channel function
❑Allows selective communication during development

❖Dynamic Assembly:
❑Gap junctions are dynamic structures
❑Connexons continuously assembled and removed
❑Half-life of connexin proteins: ~3-5 hours
❑Allows rapid changes in junctional communication
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Gap Junction Diseases
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Connexin Mutations Cause Multiple Diseases:

Disease Connexin Affected Symptoms

Charcot-Marie-Tooth 

(CMT)
Cx32

Peripheral nerve 

degeneration

Congenital Cataracts Cx43, Cx46 Eye lens opacity

Deafness Cx26, Cx43 Hearing loss

Skin Disorders Cx26, Cx30
Eczema, 

erythrokeratoderma

Why Limited Compensation?
❖ Not all connexins can form functional channels together
❖ Mutant connexins may act as "dominant negative"
❖ Trap normal connexins during processing
❖ Tissue-specific reliance on particular connexins



Gap Junctions and Cancer
❖Normal Cell Function:
❑Gap junctional intercellular communication (GJIC) active in normal cells

❑Allows coordination of growth and differentiation

❖Cancer Cell Dysfunction:
❑Many cancer cells show decreased or absent GJIC

❑Loss of communication may allow uncontrolled growth

❑Blocking GJIC can promote malignant transformation

❖Experimental Evidence:
❑C6 glioma cells transfected with the Cx43 gene

❑Regain GJIC → dramatically reduced tumour growth

❑Suggest gap junctions have tumour-suppressive role

❑Restoration of gap junctions may be therapeutic
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Functional Organization
❖Tight junctions → seal epithelium

❖Adherens junctions → mechanical coupling of actin

❖Desmosomes → mechanical coupling of intermediate filaments

❖Gap junctions → intercellular communication

❖Hemidesmosomes → anchoring to basement membrane
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Tissue-Specific Junction 
Expression
❖Intestinal Epithelium:
❑Tight junctions: absorptive barrier
❑Adherens junctions: mechanical integrity
❑Desmosomes: stress distribution
❑Gap junctions: coordinate nutrient uptake

❖Cardiac Muscle:
❑Gap junctions: electrical coupling (Cx43)
❑Adherens junctions: force transmission
❑Desmosomes: mechanical strength

❖Skin Epidermis:
❑Tight junctions: barrier (claudin-1)
❑Desmosomes: mechanical strength (keratin network)
❑Hemidesmosomes: basal anchoring

❖Nervous System:
❑Gap junctions: electrical synapses
❑Tight junctions: blood-brain barrier
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