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Concepts, definitions and ideas of interest to hiologists are explained in
what is...? Please tell us of any topics you would like to see included.

Endoplasmic reticulum

Endoplasmic reticulum

Proteins

Ribosomes
Plasma membrane

5

Endoplasmic
reticulum

he cells of bacteria have no nucleus and no

membrane-bound organelles — bacteria
are prokaryotes. All other (eukaryotic) cells
do have a nucleus and an assortment of
other organelles bounded by membranes,
including mitochondria, lysosomes, nuclei
and endoplasmic reticulum. These organelles
are separated from the cytoplasm by their
membranes, effectively dividing the cell up
into compartments, but some are not as
separate from each other as they seem at
first sight.

The endoplasmic reticulum (ER) is an
extensive membranqus network of inter-
connected tubules and sacs (see Figure 1).
It can only be seen using a transmission
electron microscope. When the ER was first
discovered, biologists thought that the sacs
and tubes were invaginations of the plasma
membrane that extended deep into the

cytoplasm. This would have greatly increased the surface
area of the cell. However, no micrograph ever showed
etween the ER and the
plasma membrane. What did show up
were clear connections between the
rane and the ER. The
e is now recognised to be
the ER (see Figure 2).
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Figure 1 Cutaway view of the endoplasmic reticulum (ER) and nucleus in a eukaryotic
cell. Notice how the space between the nuclear envelope membranes and the cisternal
spaces of the smooth and of the rough ER are all interconnected.
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DR.JEREMY BURGES!

Figure 3 Transmission electron micrograph of cytoplasm of a liver
cell showing cisternae of smooth ER in close association with glycogen
granules (black dots). x90000

Figure 2 Transmission electron micrograph showing the rough ER connected to the outer
membrane of the nuclear envelope, which also bears ribosomes. The space between the
envelope membranes is continuous with the ER cisternal space. x80000
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[image: image2.jpg]There are two categories of ER: smooth and rough.
Rough ER is so called because the electron microscope
shows it to have ribosomes on the outside membrane
bordering the cytosol (the fluid cytoplasm). It has a rough
appearance compared with that of the smooth ER, which
has no ribosomes. Both types may be present in a cell but
the relative proportions will depend on the cell type and
its activity.

The ER is made up of tubules and flattened sacs,
called cisternae, within the cytoplasm of every cell. The
space enclosed by the ER membranes (the lumen) forms
a separate compartment in the cell, which is separated
from the cytosol. The ER forms part of the community of
membranes inside the cell (the endomembrane system),
which also include the nuclear envelope, Golgi apparatus,
lysosomes and various types of vesicles. But what does the
ER do? The answer depends both on the type of ER and the
type of cell in which it is present.

Smooth ER

Smooth ER usually forms a tubular network (see Figure 3).
Although it is structurally and functionally distinct from
rough ER, the two are connected and substances can
pass from one to the other through the cisternal spaces
(see Figure 1). Smooth ER is involved in a wide range
of important activities such as carbohydrate metabolism,
storage of calcium, detoxification of drugs and poisons
and the synthesis of lipids, including phospholipids and
steroids such as sex hormones. This is why cells in the liver,
skeletal muscle, brain, testes and ovaries are especially well
endowed with smooth ER (see Box 1).

Rough ER

Rough ER usually forms flattened sheets in the cytoplasm
(see Figure 4). It is particularly extensive in cells that
produce proteins ‘for export’, that is, proteins that are to
be secreted outside the cell. This is why cells that secrete
hormones or digestive enzymes contain large amounts of
rough ER. The cells of the pancreas that secrete pancreatic
juice (rich in digestive enzymes) are a particularly good
example because large amounts of digestive enzymes are
synthesised and secreted on a daily basis.

Rough ER is so called because its surface is studded with
ribosomes — under the electron microscope the membranes
usually have a rough granular layer on the cytosol side.
Ribosomes are the organelles that synthesise proteins.
They appear in electron micrographs as small round dots.
Ribosomes are not always attached to the ER; they can
also occur free in the cytosol. Free ribosomes make all the
proteins that remain in the cell, such as cytosolic enzymes,
proteins destined for the mitochondria and chloroplasts.

The attached ribosomes synthesise proteins that are to
be secreted — hormones and enzymes and all the proteins
destined for the internal membrane systems of the cell, the
ER, the Golgi and the lysosomes. The rough ER also synthe-
sises collagen, which is essential for the extracellular matrix
(see BIOLOGICAL SCIENCES REVIEW, Vol. 22, No. 2, pp. 29-33),
albumin and the globulins found in the blood, and all the
proteins of the plasma membrane.
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STRETCH AND CHALLENGE

m Smooth ER and blood glucose
levels

You may know that the liver is involved in maintaining
a relatively constant concentration of blood glucose and
keeping it within normal homeostatic levels. When the
glucose concentration starts to rise, the liver converts
glucose to glycogen, which is insoluble and can be stored
in the liver. Conversely, when glucose concentration in
the blood starts to fall, the liver releases glucose from
its glycogen reserves into the blood. Thus the amount of
glucose in the blood is maintained within normal homeo-
static limits.

Most biology students, however, are not aware that it is
the smooth ER in the liver that is involved in maintaining
blood glucose concentrations. The liver stores glucose
as granules of glycogen located near the smooth ER.
A fall in blood sugar generates the release of glucagon
(a pancreatic hormone), which triggers a cascade of
enzyme activity (see BioLogICAL SciENCES Review, Vol. 21,
No. 2, pp. 34-38) that breaks down the glycogen to a
phosphorylated form of glucose (glucose-6-phosphate).
Membranes are impermeable to phosphorylated sugars.
So for glucose to leave the liver cells and enter the blood,
the glucose-6-phosphate must be converted to glucose.

It is the smooth ER that resolves this problem. One of
the enzymes embedded in the membrane of the smooth
ER is glucose-6-phosphatase. This enzyme hydrolyses
the phosphate group from the glucose-6-phosphate and
the free glucose is transported out of the cell across the
plasma membrane to remedy the deficient levels in the
blood. When the blood glucose concentration is high, the
process is reversed — glucose is polymerised to glycogen
by the enzyme glycogen synthase. This enzyme is located
in the cytosol of the liver cell, but other regulatory enzymes
are in the smooth ER. This is why the glycogen granules
are found in close association with the smooth ER (see
Figure 3). Many of the enzymes necessary for glycogen
formation and breakdown are bound to the smooth ER
membranes.

Figure 4 Coloured transmission electron micrograph of cytoplasm in a liver

cell showing arrays of rough ER bearing numerous ribosomes. x30000
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ﬁm ER and mutant genes

Researchers in the Faculty of Life Sciences at the Univer-
sity of Manchester have recently discovered that the ER is
involved in certain connective tissue diseases. A mutation
in the gene for type X collagen is known to be responsible
for a particular form of dwarfism. Cartilage cells secrete
collagen into the matrix outside the cells, so it was origi-
nally thought that defects in this extracellular matrix were
responsible for the disorder. The researchers used trans-
genic mice to show that ER stress lies at the heart of the
condition.

First they generated mice with the gene that causes the
condition in humans. The mice had mutant shortened
limbs and the other symptoms suffered by humans
affected by the mutation. Then they generated mice with
a mutation that caused the expression of an ER stress-
inducing protein. Even though these mice had normal
cartilage cells, they showed the same problems as those
with the collagen mutation. The experimenters found that
ER stress is caused by accumulation of mutant protein
inside the cells. It may be that ER stress underlies other
connective tissue*disorders and it is possible that thera-
pies aimed at reducing the ER stress might offer a way to
lessen the effects of such diseases.

To read more about this and about some more of the
less well-known functions of the ER and how it evolved,
see the extension article in our digital surround at www.
philipallan.co.uk/biologicalreview.

Making proteins for export

Proteins that are going to leave the cell (see Box 2) are
made by the ribosomes of the rough ER. The channels of
the rough ER provide the beginning of the mechanism that
allows these proteins to escape from the confines of the cell
and to cross the barrier that is the plasma membrane. The
protein molecules are too large simply to diffuse across the
plasma membrane.

The ribosomes attached to the rough ER secrete their
proteins into the lumen and the proteins move through the
channels towards the Golgi body. The proteins then enter
the Golgi body, move through it and emerge, packaged
into vesicles. The vesicles are capable of fusing with the
plasma membrane, thus discharging their contents. As you
might imagine, cells lining the small intestine, which secrete
enzymes into the lumen of the gut to digest starch, are
especially rich in endoplasmic reticulum.

Dr Ron Butler is a former Reader in Cytology in the University
of Manchester School of Biological Sciences and an editor of
BIOLOGICAL SCIENCES REVIEW.

FURTHER READING

See BiologicalSciencesReview Online for this issue to learn
more.





