
Intracellular Vesicular Traffic



Every CELL must:

- EAT;

- COMMUNICATE;

- RESPOND.



HOW? The CELL add/remove transmembrane proteins:

- Receptors;

- Ion channels;

- Transporters. 

MEANS? - Elaborate internal membrane system!

ENDOCYTIC and BIOSYNTHETIC-SECRETORY 
pathways that envolves  the ER and Golgi apparatus.



Figure 13-3 Molecular Biology of the Cell (© Garland Science 2008)

The endocytic and biosynthetic-secretory pathways



Different compartments;

Directed and selective transport of particular components
from one membrane-enclosed compartment to another.



ISSUES

- ten or more chemically distinct, membrane-enclosed 
compartments;

- Transporters – vesicles;

- the vesicles MUST fuse only with the correct compartment!

How to find the DESTINATION?

SOLUTION:

- a specific combination of marker molecules that gives each 
compartment its unique molecular address.



Key terms:
- Donor&acceptor compartments;

- Transport vesicles;

- Cargo.



Transport vesicles:

- can be spherical, tubular, or irregularly shaped;

- bud from specialized coated regions of the donor membrane.

- the assembly of the coat:

helps to collect specific membrane and soluble cargo
molecules for transport;

drive the formation of the vesicle.



Transport vesicles:

- types of coated vesicles:

Clathrin-coated - mediate transport from the plasma
membrane and the trans Golgi network;

COPI (COat Protein) and COPII-coated - mediate
transport between Golgi cisternae and between the
ER and the Golgi apparatus, respectively.
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Coated Vesicles:

- have a distinctive cage of proteins covering their citosolic
surface;

- before the vesicles fuse with a target membrane, they discard
their coat, as is required for the two citosolic membrane
surfaces to interact directly and fuse;

- coat proteins: clathrin-coated, COPI-coated, and COPII-
coated.



ENDOCYTOSIS
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ENDOCYTOSIS

The process by which cells take up macromolecules,
particulate substances, and, in specialized cases, even
other cells.

Uptake of material into a cell by an invagination of the
plasma membrane and its internalization in a
membrane-bounded vesicle.
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ENDOCYTOSIS



Ingestion by the endocytic pathway

Molecules and large bodies such as dead cells, cell debris, 
bacteria, viruses, etc.

Endocytosis

Pinocytosis 

Receptor-mediated endocytosis (RME)

Phagocytosis



VESICULAR TRANSPORT

Endocytosis - distinguished on the basis of the size of the endocytic
vesicles formed:

PINOCYTOSIS ("cell-drinking", "fluid endocytosis") -
involves the ingestion of fluid and solutes via small 
pinocytic vesicles (about 100 nm in diameter)
PHAGOCYTOSIS (“cellular eating”) - ingestion of large 
particles, such as microorganisms or dead cells via large 
vesicles called phagosomes (generally >250 nm in 
diameter). 
ENDOCYTOSIS - ingestion of smaller (than phagosome) 
particles



PHAGOCYTOSIS



- immune defense against pathogens;
- removal of senescent cells and cells that have died by 
apoptosis 

PHAGOCYTOSIS – roles:



PHAGOCYTOSIS - Nobel Prize in Medicine in 1908

Ilya Ilyich MechnikovPaul Ehrlich



PHAGOCYTOSIS - Ilya Ilyich Mechnikov 

- born in Ukraine, Russian Empire;

- maternal grandfather the first Russo-Jewish writer;

- Mechnikov is a translation from Romanian, since his
father was a descendant of the Chancellor Yuri
Stefanovich, the grandson of Nicolae Milescu – Spătar;

- The word "mech" is a Russian translation of the
Romanian "spadă" (sword), which originated with
Spătar;

- Nicolae Milescu - Spătar - second in rank in the army
after the voivode.
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LYSOSOMES

- the principal site of intracellular digestion;

- about 40 types of hydrolytic enzymes (eg: proteases, nucleases, 
glycosidases, lipases, phospholipases, phosphatases, sulfatases);

- enzymes - acid hydrolases – activated by proteolytic cleavage 
at low pH (4.5-5).

Cell – double protection against its own digestive system 
(mb+pH).
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amino acids, sugars, and

nucleotides

CYTOSOL



Phagocytosis by a neutrophil. An electron micrograph 
of a neutrophil phagocytosing a bacterium, which is in the 
process of dividing.

Self/non-self <=>“don't-eat-me”/“eat-me” signals
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Phagocytosis by a macrophage. An electron micrograph of a macrophage
phagocytizing two chemically altered RBC. 

Self (but bad) <=>“eat-me”

The self-signals are altered!!!



Uptake of Bacteria by Phagocytes







CLATHRIN-coated Vesicles:
- the major protein – clathrin;

- each clathrin subunit – three large and three small polypeptide chains =>
three-legged structure = triskelion;

- assemble into a basketlike convex framework => coated pits.



Receptor-mediated endocytosis 
(RME)



CLATHRIN-coated Vesicles:

- the major protein – clathrin;

- adaptor proteins:

– form a discrete second layer;

– bind the clathrin-coat to membrane;

– trap various transmembrane proteins (eg.: cargo
receptors);
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CURL

Receptor-Mediated Endocytosis
of LDL (low-density lipoproteins)

recycles the receptors



Receptor-Mediated Endocytosis of LDL (low-density lipoproteins) 



Receptor-Mediated Endocytosis - Iron Uptake

Transferrin = a soluble protein that carries
iron in the blood.

Apotransferrin = iron-free transferrin

recycles the receptors and ligands!!!



Cell Junctions, Cell Adhesion, and the Extracellular Matrix

Are critical for every aspect of the organisation, function and dynamics of
multicellular structures.

The mechanisms of cohesion govern the architecture of the body.

Cells may:
- cling to one another - cell-cell junctions;
- be bound together by extracellular matrix (ECM).

“Key players”:
- CELLS (Cytoskeleton and specific membrane proteins)
- ECM (complex network of proteins and polysaccharide chains)
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