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6 Transmission electron microscope
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Osmosis

Water molecules, like other molecules, are mobile. In pure water, or in solutions
containing very few solute molecules, the water molecules can move very freely
(they have a high free kinetic energy). As a result, many of the water molecules

Partially permeable membrane

may cross the membrane, which is freely permeable to water.

® ®—.
/"
<0 Lo
@]
¥ O/

allows the free passage of some
particles but is not freely permeable to
others. Biological membranes are
freely permeable to water but have
restricted permeability to solutes such
as sodium ions and glucose molecules,
i.e. they are selectively permeable.

In a solution with many solute
molecules the movement of the water
molecules is restricted because of
solute-water interactions. Fewer of the
water molecules have a free kinetic
energy which is great enough to
enable them to cross the membrane.

MANY WATER MOLECULES l
CAN MOVE IN THIS

DIRECTION

THERE IS A NET MOVEMENT OF
WATER MOLECULES IN THIS

DIRECTION ~ .

Solute molecules cannot cross the
membrane as freely or as rapidly as
water molecules can.

FEW WATER MOLECULES CAN
MOVE IN THIS DIRECTION

"™ This movement of water depends on
how many water molecules have

sufficient free kinetic energy to ‘escape
from’ the system

so that any system in which the water
molecules have a high average kinetic
energy will have a greater tendency to
lose water than will a system in which
the water molecules have a low average
kinetic energy

Water molecules in
a dilute solution
have a high water
potential

* Water moves
down a water
potential gradient

Water molecules
in a concentrated
solution have a
low water
potential

* In the absence of a partially
permeable membrane all water
molecules would quickly attain the
same free kinetic energy and there
would be no water potential gradient.

and when describing water
movements scientists replace the term
free kinetic energy with the term water
potential, so that

Osmosis is

* the movement of water
* down a water potential gradient

* across a partially permeable membrane
* to a solution with a more negative water
potential.

Osmosis 9




Structural components of
membranes permit fluidity, selective transport and

recognition, integrity and compartmentalization.

Because of the different solubility
properties of the two ends of
phospholipid molecules ...

and a phospholipid bilayer can act as a
barrier between two aqueous
environments.

non-polar, so very

lar, so o 4
po insoluble in water

very

=2 T

... such molecules form a layer at a
water surface

WATER

WATER

DS

Hydrophilic heads point
outwards: form hydrogen bonds with
water

Hydrophobic tails point

towards one another: this maximizes
hydrophobic attractions and excludes
water

Lipid composition influences
membrane fluidity: unsaturated fatty
acid tails are ‘kinked’, limit close
D Ij packing of the hydrophobic tails and
so increase fluidity, but cholesterol
may interfere with lateral movement of
hydrophobic tails and thus reduce
membrane fluidity.

Surface carbohydrates (collectively
the glycocalyx) are usually
oligosaccharides which are positioned
to aid in cell recognition functions.

Diffusion across the lipid bilayer is
responsible for the movement of small,
uncharged molecules.

Thus O,, H,0, CO,, urea and ethanol
cross rapidly (they ‘squeeze between’)
the polar phospholipid heads then
dissolve in the lipid on one side of the
membrane and emerge on the other.

Large or charged molecules cannot
cross the lipid bilayer.

Thus Na*, K*, CI', HCO; and glucose
do not cross in this way.

Active transport uses a carrier protein to transport a solute across a membrane
but energy is required since transport may be against a concentration gradient.
Typically ATP is hydrolysed and the binding of the phosphate group to the carrier
changes the protein’s conformation in such a way that the solute molecule is moved
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SOLUTE RELEASE
AND CARRIER
RETURN

Facilitated diffusion uses a carrier
protein to transfer a molecule across a
membrane along its electrochemical
gradient. The binding of the solute
alters the conformation of the carrier so ﬁ ?E
that its position in the membrane
changes and the solute molecule is
discharged on the other side of the gf g
membrane. Glucose uptake by
erythrocytes occurs in this way.

N.B. There is no requirement for ATP,
as there is no energy consumption.

SOLUTE
BINDING

Diffusion through aqueous
channels in pore proteins:

transmembrane proteins may have
aqueous

molecules may
pass and thus

avoid the

channels
through which
hydrophobic tails of the phospholipid

charged
molecules.

Some channels are open all of the
time, but others are gated (they open
and close only in response to a
stimulus, such as a change in the
membrane’s electrical potential). Such
gated channels are vital to the
operation of nerve and muscle, where
movements of Na*, K* and Ca**
initiate information transfer.

10 Structural components of membranes
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Cell membrane SYStemS are important in

intracellular division of labour. They allow compartmentalization
and therefore efficiency through locations of multi-enzyme

pathways.

Reverse pinocytosis (endocytosis) releases contents of vesicle into

the extracellular environment.

Plasmamembrane

Lysosome contains
hydrolytic enzymes which
may digest ingested materials,
redundant organelles
(autophagy) or whole cells
(autolysis).

Trans Golgi network
separates products ready for
inclusion in secretory vesicles
or in lysosomes.

Cisternae stack of Golgi
‘processes’ molecules

often by adding or modifying
carbohydrate ‘signals” which
direct the molecules to the
correct cellular compartment.

Cis Golgi network

collects sacs from the E.R.
Any misdirected molecules,
e.g. components of E.R.
enzyme systems, are returned
to the endoplasmic reticulum.

Protein synthesis at
ribosomes on E.R. Newly-
synthesized protein carries a
‘signal” which ensures that the
protein will enter the cisterna
ready to be packaged within a
sac and delivered to the Golgi
apparatus.

Messenger DNA carries
coded message for protein
synthesis from nucleus to
ribosomes.

Nucleolus is the site of
manufacture of ribosomal
subunits. It disperses in
preparation for nuclear
division, and is reassembled at
the end of telophase.

Nucleus contains coded
information for protein synthesis as a
series of genes on the chromosomes.

Endocytic vesicle
contains product for export,
e.g. mucoprotein from goblet
cells, trypsinogen from
pancreatic acinar cells and
complex carbohydrates for
plant cell wall synthesis.
The endoplasmic reticulum
(E.R.) has a wide range of
other functions:

1. Synthesis of lipids, e.g.
reassembly of fats in gut
epithelium.

2. Steroid synthesis, e.g.
in cells which secrete
steroid hormones.

3. Control of Ca?+
concentration in
skeletal muscle cells.

1, 2 and 3 all occur on smooth

E.R.

4. Surface for enzyme
systems, e.g. the
oxidizing system which
detoxifies alcohol and
other drugs in the
liver.

Product molecules are
moved through the stack in a
precisely defined sequence.

Endoplasmic reticulum
‘buds off’ membranous sacs
containing products of its
metabolism. These
products include proteins
and lipids and may be for
export ( @) or for use within
the cell ( @).

Cisterna is an enclosed
space within the membranes
of the E.R.

Nuclear envelope is a
double membrane, the outer
of which is continuous with
the E.R.

Nuclear pore can

regulate the entry (e.g.
ribosomal proteins) and exit
(e.g. ribosomal subunits,
messenger RNA) of molecules
to and from the nucleus.

Nucleoplasm contains a variety
of solutes, including nucleoside
triphosphates for DNA synthesis, and

the enzyme complex (DNA

polymerase) which regulates DNA

replication and repair.

Chromatin is the genetic material, containing the coded information for protein
synthesis in the cell. It is composed of DNA bound to basic proteins called
histones. The DNA and histone are organized into nucleosomes.

During nuclear division the chromatin condenses to form the chromosomes, and
the chromatin containing DNA which is being ‘expressed’ (transcribed into mRNA)
becomes visible as more loosely-coiled threads called euchromatin.

Cell membrane systems 13
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14 A prokaryotic cell
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16 Functions of soluble carbohydrates



