[image: image1.jpg]Key words
Pinocytosis
Endocytosis
Phagocytosis
Lysosomes
Endosomes
Cell-surface
receptors

Endocytosis

11 our cells exist as part of a cell community. They

interact with their environment and communi-
cate constantly with each other. Cells exchange small
molecules, such as inorganic ions or sugar, with their
environment. They also exchange macromolecules —
particularly proteins and even particles several micrometres
in size. For cells to develop and function properly or to
respond to changes in their environment, they may receive
information from cells in another part of the body. This
information may be in the form of hormones. Hormones
are large molecules such as insulin, which is released from
the pancreas when the blood glucose concentration rises
after a meal. Hormones instruct one or more cell types to
alter their metabolism. At the same time, the hormone is
removed from circulation and destroyed following uptake
into the cell that is responding to its instruction.

The process by which cells take in large molecules and
particles is called endocytosis. It takes a variety of forms,
depending on what exactly is being taken into the cell and
what the cell does with it. Examples of substances taken in
by endocytosis include:
® nutrients, such as cholesterol and fatty acids in large lipo-
protein complexes
e messenger molecules, such as hormones and growth
factors
® very large particles, such as bacteria

All these different substances must travel from outside
the cell to the cell interior, but how does this happen?

Gaining entry into the cell

The membrane at the cell surface (the plasma membrane)
forms the interface between the cell and its environment.
It contains lipids that form a barrier, which prevents the
water-soluble contents of the cell from leaking out. Many
molecules are unable to enter the cell unless they can find
pathways that bypass the barrier. Small molecules such as
glucose and amino acids cross the membrane by facilitated
diffusion (see BIOLOGICAL SCIENCES REVIEw, Vol. 22, No. 2,
pp. 20-21 and the online digital surround at: www.philip
allan.co.uk/magazinesonline). This involves protein carriers
(transporters) in the membrane. In contrast, large molecules
such as proteins are taken in when they are engulfed by the
membrane (see Figure 1).

In its simplest form endocytosis (endo = inside,
cyt = cell) involves a small region of the membrane
invaginating (folding inwards). This creates a new
intracellular vesicle containing substances from
the extracellular environment. This process is
called pinocytosis. It is not a particularly efficient
way for cells to take in substances that are in low
concentrations externally (see Figure 1). A highly

Coloured transmission electron micrograph showing pinocytosis in a
blood capillary endothelial cell. A row of vesicles can be seen forming in
the inner cell membrane. The cell nucleus is shown in red. x85000

selective mechanism exists for the endocytosis of specific
proteins and other large particles. This involves receptor
proteins on the membrane. These receptors bind selec-
tively to a particular macromolecule, such as an important
nutrient or hormone. The receptors also contain infor-
mation that directs them to cluster at sites of membrane
invagination. This process ensures that high concentra-
tions of the macromolecule become bound to the receptor
proteins and internalised within the endocytosed vesicle.

Membrane invagination does not occur spontaneously.
It requires groups of protein molecules that bind to the
cell surface membrane from the underside and deform
it. Several sets of proteins can do this. The best-studied
example is clathrin. This protein can spontaneously
assemble into highly curved polymers, thereby bending
the membrane. Clathrin is required for the endocytosis of
important receptors bound to their target molecules, such
as low-density lipoproteins (see Box 1), hormones and
growth factors.

Figure 1 Small molecules enter cells via transporters (A). Larger
molecules such as proteins can gain entry only by pinocytosis (B).
Receptor-mediated endocytosis (C) provides a mechanism for the
cell to concentrate important molecules before they are ingested.
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One of the first examples of receptor-mediated endocytosis to be
e receptor that recognises low-density lipo-
protein (LDL), a lipid and protein particle that carries cholesterol
hrough the bloodstream. Cholesterol is an essential component
of plasma membranes and must be taken up by all cells. The
surface and is internalised in
clathrin-coated vesicles (see Figure 2). The vesicles lose their coat
use with endosomes. LDL dissociates from its receptors. The
LDL ends up in lysosomes, where it is degraded to release free
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cholesterol. The LDL receptors are returned to the plasma
membrane via transport vesicles to be used again. An LDL
receptor typically makes one round trip into the cell and back
0 the plasma membrane every 10 minutes, making more
han 100 such trips in its 20-hour life span.
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The endocytosis of LDL was studied by geneticists Joseph
Goldstein and Michael Brown, recipients of a Nobel prize
in 1985. Their work formed the basis for understanding
amilial hypercholesterolaemia, an inherited disease in
which patients have high concentrations of LDL in their
blood. They also laid the foundations for understanding how
receptor-mediated endocytosis works and provided early
maps of the endocytic pathway.

The LDL receptor is found on the surface of all cells but
in particularly high numbers in liver cells. Many patients
suffering from familial hypercholesterolaemia have a muta-
tion in the gene for the receptor that prevents the receptor
protein from binding LDL. This is why LDL cannot be

What happens next?
Endocytosis results in the transfer of specific macromol-
ecules, bound to their receptors, from the outside of the
cell into membrane-bound vesicles. At this stage they are
in the cell but isolated from contact with the cell interior
(see Figure 3). What eventually happens to the trans-
ported macromolecule bound to its receptor depends
on whether it is a nutrient or a messenger molecule. In
- all cases the receptor-bound molecule is transferred to a
specialised compartment in the cell called an endosome
(see Figure 4 on p. 40). The endosome is part of the compli-
cated membrane-enclosed distribution network inside each
cell that is responsible for routing large molecules to the cell
surface — as is the case for newly synthesised receptors.

Phagocytosis
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e
concentrated during endocytosis and is therefore not cleared
from the blood efficiently. Some patients have a different muta-
tion that does not prevent the receptor from binding to LDL
but instead prevents the receptor from clustering at sites of
membrane invagination. This leads to a ‘traffic jam’ and conse-
quent build-up of LDL in the blood and deposition of choles-
terol in artery walls. These studies provided the first evidence
that endocytosed receptors must contain specific information to
target them to sites of membrane involution.
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The endosome is essentially a distribution centre, receiving
all kinds of material that has entered the cell by endocytosis.
It sorts this material to a range of cell destinations according
to its final function. Each type of material contains infor-
mation that makes sure it is packaged into the correctly
addressed vesicle. The special feature of the endosome is
that it contains an acidic environment in which the binding
of many receptors to their cargo molecules is disrupted.
For example, the LDL receptor lets go of the low-density
lipoprotein in the endosome (see Figure 4). The binding to
some receptors, however, is not disrupted and messenger
molecules remain tightly bound to their receptors.

The endosome can fuse with other vesicles but the major
endocytic pathway involves fusion with the lysosome.
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Figure 3 The processes of phagocytosis and endocytosis.
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Figure 4 The endocytic pathway: different fates for cargo and
receptors. Endocytosed material is transported to the endosome. Some
receptors return to the cell surface after releasing their cargo. For
others, both receptor and cargo are transported to the lysosome and
degraded.

Coloured scanning electron micrograph of a white blood cell engulfing
Escherichia coli bacteria (pink rods) by phagocytosis. x14 800

This organelle is packed with enzymes that catalyse the
breakdown of proteins into amino acids. These small
molecules can cross the membrane around the lysosome via
transporter proteins, then mix with the cell’s constituents in
the cytoplasm. This is the fate of the protein component of
LDL, allowing the cell to make full use of this nutrient. The
cholesterol and fatty acids, now released from the protein-
based particles, move into the lysosomal membrane and
from here they are transported to other points in the cell.
In contrast, the LDL receptor, which was released from the
LDL in the endosome, is packaged into vesicles that transter
it back to the cell surface so it can be used again to endo-
cytose more molecules of LDL. In the case of those receptors
that remain tightly bound to their messenger molecules,
both receptor and messenger are degraded in the lysosome.

Ingesting really big meals

Clathrin and related proteins bend the plasma membrane
into vesicles that are about 100nm in diameter. This is
large enough to engulf proteins and even larger particles
in small vesicles. Many viruses, including influenza, exploit
endocytosis as a means to invade cells. They effectively

hijack endocytic receptors and can then move out of the
endosome and infect the cell. Some particles are just too
big to be accommodated by the endocytic pathway and a
rather different process is required to take these particles
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Figure 5 Phagocytosis. Specialised cells can alter their shape to
engulf very large particles.

into cells. This process is called phagocytosis (sce
Figure 5). Some specialised cells in the immune system
— macrophages — use phagocytosis to engulf large
pathogens such as bacteria.

Phagocytosis is sometimes described as a form of
endocytosis but it involves a different mechanism. First,
the target particle is bound to the plasma membrane
by specialised adhesion receptor molecules. Then the

cell surface membrane expands along the surface of
the particle and eventually engulfs it. The result is that
a very large vesicle called a phagosome, more than
ten times larger than an endosome, now envelops
the particle. Eventually the phagosome fuses with
lysosomes and the pathogen is digested. Things don’t
always work out as planned, however, and some
pathogens generate signals that prevent the phagosome
finding the lysosome. This allows the pathogen to
escape destruction and in addition provides a protective
environment for it to hide from other immune cells.
The bacterium responsible for tuberculosis does this,
which explains why tuberculosis can persist in patients
for such a long time (see BIOLOGICAL SCIENCES REVIEW,
Vol. 21, No. 3, pp. 14-17).

In summary, endocytosis is a fundamental process
that deals with the huge range of materials that our
tissues encounter daily, and is precisely matched to cell
function.
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