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 Endocytosis Is the process by which cells
absorb molecules (such as proteins) from
outside the cell by engulfing it with their
cell membrane.

e It is used by all cells of the body because
most substances important to them are |.

polar molecules that cannot pass through
the hydrophobic plasma membrane or cel
membrane.

 The process opposite to endocytosis IS
exocytosis.




MEMBRANES ORGANIZE CELLULAR COMPLEXITY

Membranes Define Compartments

Membranes organize proteins and other molecules enabling the cell
to run much maore efficiently than if evernything were floating freely.
Mitochandrial membranes, for example, keep protein assembly lines
together for efficient energy production. And the lysosome safely holds
enzymes that would destroy essential proteins if released into the
cytoplasm. Membrane-enclosed vesicles form packages for cargo so
that they may quickly and efficiently reach their destinations. In this
way, membranes divide the cell into specialized compartments, each
carrying out a specific function inside the cell.
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The shape and chemical nature of phospholipids drives them to organize themselves one
level further. A flat phaspholipid bilayer leaves the edges of the tails exposed to water. By
forming into a sphere, all of the tail regions are protected inside the bilayer as far from water
as possible. The resultis a membrane-enclosed compartment.

Membranes Form Spontaneously

Fhospholipids provide the framework for all membranes in the cell.
Phospholipids are made up of a phosphate head region and a lipid
tail region. The two ends of a phospholipid have very different
chemical properies. The head end is attracted to water, while the tail
end maoves away from water.

When phospholipids are placed into water, they arganize
themselves into a structure called a hilayer. The water-fearing tail
regions clump together an the inside of the bilayer, as far from water
as possible. The head regions move toward the outside of the
bilayer where they contact the surrounding water molecules.
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* There are three main types of
endocytosis that are distinguished b
the size of the vesicle formed and

organelle machinery involved.




 Phagocytosis (literally, cell-eating) Is t
process by which cells ingest solids, s
as bacteria, viruses, or the remnants o
cells which have undergone apoptosis.

The membrane invaginates enclosing
wanted particles in a pocket, then eng
the object by pinching it off, and the
object is sealed off into a large vacuole
known as a phagosome.










e Pinocytosis (literally, cell-drinking).
This process Is how cells take In
liquids.




e Both phagocytosis and pinocytosis
may result in the cell engulfing non-
specific or unwanted particles.




Function of endocytosis

 Endocytosis Is required for a vast number of
functions that are essential for the well being
of cell. It intimately regulates many processes
iIncluding nutrient uptake, cell adhesion ¢
migration, receptor signaling, pathogen entry,
neurotransmission, receptor downregulation,
antigen presentation, cell polarity, mitosis,
growth and differentiation, and drug delivery.




* Endocytosis pathways could be
subdivided into four categories:
namely,

o clathrin-mediated endocytosis,
e caveolae

e macropinocytosis, and
e phagocytosis.




 Clathrin-mediated endocytosis is mediated by
small (approx. 100 nm in diameter) vesicles the
have a morphologically characteristic crystalling
coat made up of a complex of proteins that mal
associated with the cytosolic protein clathrin.

Clathrin-coated vesicles (CCVs) are found In
virtually all cells and form domains of the plas

membrane termed clath-coated pits

Coated pits can concentrate large extracellular
molecules that have different receptors
responsible for the receptor-mediated endocytc
of ligands, e.g. low density lipoprotein,
transferrin, growth factors, antibodies and man
others.




Clathrin

* This large protein assists in the formation of a
coated pit on the inner surface of the plasma
membrane of the cell. This pit then buds into
the cell to form a coated vesicle in
cytoplasm of the cell. In so doing, it brings

Into the cell not on
surface of the cell
fluid from outside t

y a small area of the
out also a small volume of

ne cell.










 The main scaffold component of
clathrin coat Is the 190 kD protein
called clathrin heavy chain (CHC) and
the 25 kD protein called clathrin light

chain (CLC), which form thre-legged
trimers, called triskelions.







* The clathrin triskelion is composed of three
clathrin heavy chains and three light chains
Interacting at their C-termini. The three heavy
chains provide the structural backbone of the
clathrin lattice and the three light chains are
thought to requlate the formation and
disassembly of a clathrin latti




 \When triskelia assemble together in solution,
they can interact with enough flexibility to
form 6-sided rings that yield a flatter lattice, or
5-sided rings which are necessary for curved
lattice formation. When many triskelions
connect they can form a basket-like structure.




* In cultured cells, the assembly of a CC
takes ~ 1 min, and several hundred to
thousand or more can form every
minute.




e At any one moment, about 25% of the plasma menabre
of a fibroblast is made up of coated pits. As aedpit
has a life of about a minute before it buds in®dBll, a
fibroblast takes up its surface by this route almmnae
every 16 minutes. Coated vesicles formed from the

nlasma membrane have a diameter of about 36 nm an

Ifetime measured in a few seconds. Once the cast h

neen shed, the remaining vesicle fuses with endes
and proceeds down the endocytic pathway. The actua
budding-in process, whereby a pit is converted to a
vesicle, Is carried out by clathrin assisted bgtao$
cytoplasmic proteins, which includes dynamin and
adaptors such as adaptin.







Other endocytosis pathways

« Caveolaeare the most common reported non-clathrin coated
plasma membrane buds, which exist on the surface of many,
but not all cell types. They consist of the cholesterol-binding
protein caveolin (Vip21) with a bilayer enriched in cholesterol
and glycolipids. Caveolae are small (approx. 50 nm in
diameter) flas-shape pits in the membrane that resembl
shape of a cave (hence the name caveolae). They can
constitute up to a third of the plasma membrane area of the
cells of some tissues, being especially abundant in smooth
muscle, type | pneumocytes, fibroblasts, adipocytes, and
endothelial cells. Uptake of extracellular molecules is also
believed to be specifically mediated via receptors in caveolae




e Macropinocytosis, which usually occurs from
highly ruffled regions of the plasma membrane
IS the invagination of the cell membrane to for
a pocket, which then pinches off into the cell tc
form a vesicle (0.5-5 pm in diameter) filled wit
large volume of extracellular fluid and molecule
within it (equivalentto 103 to 106 CCVs). T

filling of the pocket occurs in a non-specific
manner. The vesicle then travels into the cytos
and fuses with other vesicles such as endoso
and lysosomes.




 Phagocytosigs the process by which cells bind
and internalize particulate matter larger than
around 0.75 pm In diameter, such as small-size
dust particles, cell debris, micro-organisms and
even apoptotic cells, which only occurs In
specialized cells. These processes involve the

uptake of larger membrane areas than cle-
mediated endocytosis and caveolae pathway.




Principal components of
endocytic pathway

 The endocytic pathway of mammalian cells
consists of distinct membrane compartments
that internalize molecules from the plasma
membrane and recycle them back to

surface (early endosomes and recycling
endosomes) or sort them to degradation (late
endosomes and lysosomes). The principle
components of endocytic pathway are:




« Early endosomesare the first station on the endocytic
pathway. Early endosomes are often located in the
periphery of the cell and receive most of typesadicles
coming from the cell surface. They have a charetter
tubulo-vesicular morphology (vesicles up to 1 pm in
diameter with connected tubules of approx. 50 nm
diameter) and a mildly acid pH.

They are principally sorting organelles where many

ligands dissociate from their receptors in the @éicof
the lumen and from which many of the receptorsalecy
to the cell surface (via tubules).

It is also the site of sorting into transcytotatipvay to
late components (via vesicular component which can
form multivesicular bodies (MVB) or endosomal carri
vesicles (ECVSs)).




e Late endosomeseceive internalized material en
route to lysosomes, usually from early endoso
In the endocytic pathway, from trans-Golgi
network (TGN) in the biosynthetic pathway, anc
from phagosomes in the phagocytic pathway.

Late endosomes often contain many membrane
vesicles or membrane lamellae and proteins

characteristic of lysosomes, including lysoso
membrane glycoproteins and acid hydrolases.
They are acidic (approx. pH 5.5).

Late endosomes are thought to mediate a final
of sorting events prior to delivery of material to
lysosomes.







e Lysosomesre the last compartment of the
endocytic pathway. They are acidic (approx. p
4.8) and by EM usually appear as large vacuole
(1-2 um In diameter) containing electron dense
material.

hey have a high content of lysosomal membre

proteins and active lysosomal hydrolas

 They are generally regarded as the principle
hydrolytic compartment of the cell.







