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Use of the light microscope

Eyepiece:

FEPREPARATION FOR LIGHT MICROSCOPY |

FIXATION

DEHYDRATION

CLEARING

EMBEDDING

SECTIONING

STAINING

MOUNTING

preserves material in a life-like
condition with minimum distortion

removes traces of water from the
fixed material

removes dehydrating alcohol so
that material is made transparent

supports the material so that it is
firm enough for sectioning

prepares slices of material which
are thin enough to allow light to
pass through

improves contrast between
different structures (most
biological material is transparent)

embeds and protects material so
that it is suitable for viewing over
a long period

produces a ‘real image’;

magnifies but does not resolve the image produced by the objective lens;

the eyepiece may be dismantled so that an eyepiece graticule may be
inserted if the microscope is to be used for measurement.

Methylene biue
- nuclei stain blue

Leishman’s stain

- blood cels stain pink

- white blood cell nuclei stain
blue

Safranin/light green

- a plant cell stain

- cytoplasm and cellulose stain
green

- nuclei and lignin stain red

- chloroplasts stain pink

Haematoxylin/eosin
- nuclei stain blue
- cytoplasm stains pink

Feulgens stain
- chromosomes during cell
division stain purple

Aniline blue
- fungal hyphae and spores
stain deep blue

Barrel:

route for light rays from objective lens;

may be moved, using a simple racking
system, so that object is in focus.

Turret:

holds 2, 3 or 4 objective lenses, and can
be rotated so that lenses of different focal
lengths (hence magnification) can be
used.

Objective lens:

responsible for both magnification
and resolution of the object.

Specimen/object: is supported on a transparent
glass slide.
Stage: holds specimen in correct position

relative to optical system at 90° to light
path,

@/—— Condenser:

the condenser focuses the light from the
illuminator on to the specimen.

TN
N Iris diaphragm:
1 1

controls amount of light reaching
specimen. Best definition is obtained by
reduction of intensity, not by its increase.

Substage illumination: ‘white’ light is most commonly used. Light of shorter

wavelength (e.g. blue light), produced by changing bulb or with a system
of filters, improves resolution of the object.

Light must only come from substage position: none on stage.
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Transmission electron microscope

charged particles (e7).

"

Cathode: metal electrode (commonly platinum) which
emits high velocity electron beam. Electrons are negatively

Anode: positively charged electrode at potential of 50 kV
ith respect to cathode - accelerates the electron beam.

/

Condenser: electromagnetic lens
which focuses the electron beam on to the
specimen.

Air lock/specimen port:

allows the introduction of the specimen
into the microscope without the loss of
vacuum.

Objective: electromagnetic lens
which focuses and magnifies (depending
on applied voltage) the first image.

Projector: further magnification by
selection of region of image to be viewed.

To vacuum pump: creation of
vacuum to minimize electron scattering
and any heating due to electron/air
molecule collision.

/ SPECIMEN

VIEWING/
CAMERA
PORT

'\
L\
—\

Fluorescent, swing out, screen: coated
with electron sensitive compounds -
necessary since deflected electron

beam (the image) cannot be viewed
directly.

.

Sample is
Fixed: to avoid deformation of all cell components. Use small sample (rapid
v penetration) and immerse in glutaraldehyde or glutaraldehyde/osmic acid.
Dehydrated: to prepare material for infiltration by embedding or infiltration medium
which is not miscible with water. Dehydration should be gradual to
preserve fine detail, using a series of progressively increasing
concentrations of ethanol or propanone.

Cleared: alcohol or propanone may be immiscible with embedding agents and so is
replaced with a clearing agent (commonly xylo!) which is miscible and
also makes the material transparent. ’

Embedded: plastic or resin is used to support the material so that it is not distorted
ready for during sectioning.
Sectioning

The material must
be cut into ultrathin
sections (20-100 nm
thick) since the
electron beam has
very low penetrating

RIBBON OF SECTIONS EMBEDDED SAMPLE

COLLECTS ON WATER

f

ULTRA MICROTOME
moves embedded sample
forward in 20 nm steps

DIAMOND OR GLASS KNIFE
CUTS ULTRATHIN SECTIONS

|

Photographic plate: allows a

black and white permanent record of the
image to be made. Printing may offer
further magpnification.

L

Concrete base: stable support

which minimizes vibration and thus
eliminates unwanted deflection of electron
beam.

power.
v
Staining: biological structures are transparent, or nearly so, to electrons. To increase
electron beam deflection (i.e. contrast between different structures) sections
are treated with solutions of heavy metal salts such as uranyl or lead
acetate.
Mounting: / ] sections are supported on a small copper grid (~3 mm
\ diameter). The electron beam may pass through the gaps in the
\ ] grid (a glass slide would not permit transmission of electron
\ beam).
‘ IMAGE INTERPRETATION
A £ A . .
(& o A number of ultrathin sections, e.g.
8 ] 20\ B' A-A’, B-B’, must be examined to L
¢ c provide a true three-dimensional
o representation of the sample.

High magnification means that

several photographs may be
necessary to give a composite image PXovd
of the specimen.
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Physical properties of water

are explained by hydrogen bonding between the individual molecules

Solvent properties The polarity of water makes it an
excellent solvent for other polar molecules ...

The electrostatic attractions
between polar water
molecules and ions are greater
than those between the anion
and cation.

lons become hydrated in
aqueous solution.

Such polar substances, which
dissolve in water, are said to
be hydrophilic (‘water-
loving’).

... but means that non-polar (hydrophobic or ‘water-hating’)
substances do not readily dissolve in water.

® .o
® WATER

. ® Non-polar molecules arrange
‘ themselves to expose the
minimum possible surface to
the water molecules.

Because
hydrogen and
oxygen atoms
are different in
size and
electronegativity
the water
molecule
(H,0) is non-
linear and
polar.

Hydrogen OF i He*
bond - one
water
molecule
may form
hydrogen
bonds with
up to four
other water
molecules.

H

This polarity means that individual water molecules
can form hydrogen bonds with other water
molecules. Although these individual hydrogen
bonds are weak, collectively they make water a
much more stable substance than would otherwise
be the case.

High specific heat capacity The specific heat capacity of
water (the amount of heat, measured in joules, required to
raise 1 kg of water through 1°C) is very high: much of the
heat absorbed is used to break the hydrogen bonds which
hold the water molecules together.

High latent heat of vaporization Hydrogen bonds attract
molecules of liquid water to one another and make it difficult
for the molecules to escape as vapour: thus a relatively high
energy input is necessary to vaporize water and water has a
much higher boiling point than other molecules of the same
size.

Molecular mobility The weakness of individual hydrogen
bonds means that individual water molecules continually
jostle one another when in the liquid phase.

Cohesion and surface tension Hydrogen bonding causes
water molecules to ‘stick together’, and also to stick to other
molecules - the phenomenon of cohesion. At the surface of a
liquid the inwardly-acting cohesive forces produce a ‘surface
tension’ as the molecules are particularly attracted to one
another.

Density and freezing properties As water cools towards its
freezing point the individual molecules slow down
sufficiently for each one to form its maximum number of
hydrogen bonds. To do this the water molecules in liquid
water must move further apart to give enough space for all
four hydrogen bonds to fit into. As a result water expands as it
freezes, so that ice is less dense than liquid water and
therefore floats upon its surface.

Colloid formation Some molecules have strong
intramolecular forces which prevent their solution in water,
but have charged surfaces which attract a covering of water
molecules. This covering ensures that the molecules remain
dispersed throughout the water, rather than forming large
aggregates which could settle out. The dispersed particles and
the liquid around them collectively form a colloid.
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The biological importance
Of water depends on its physical properties

Volatility/stability: is balanced at Earth’s
temperatures so that a water cycle of evaporation,
transpiration and precipitation is maintained.

—
Solvent properties:

allow water to act as a transport medium for polar solutes.

For example, movements of minerals to lakes and seas;
transport via blood and lymph in
multicellular animals;
removal of metabolic wastes such as urea
and ammonia in urine.

X
SN X
NN
AN
Y

~
ESS SN

N

Transpiration stream: the continuous column

of water is able to move up the xylem because of cohesion
between water molecules and adhesion between water and
the walls of the xylem vessels.

N
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Molecular mobility: the rather weak nature of

individual hydrogen bonds means that water molecules can
move easily relative to one another - this allows osmosis
(vital for uptake and movement of water) to take place.

NN

Expansion on freezing: since ice floats it forms

at the surface of ponds and lakes - it therefore insulates
organisms in the water below it,
and allows the ice to thaw
rapidly when temperatures rise.
Changes in density also
maintain circulation in large
bodies of water, thus helping
nutrient cycling. Floating ice also
- means that penguins and

. polar bears have somewhere to
" stand!

Metabolic functions

Water is used directly ...

1. as a reagent (source of reducing power) in
photosynthesis

2. to hydrolyse macromolecules to their subunits, in
digestion for example.

... and is also the medium in which all biochemical reactions

take place.

Lubricant properties: water’s cohesive and

adhesive properties mean that it is viscous, making it a useful

lubricant in biological systems.

For example, synovial fluid - lubricates many vertebrate
joints;
pleural fluid - minimizes friction between
lungs and thoracic cage (ribs) during
breathing;
mucus - permits easy passage of faeces
down the colon, and lubricates the penis
and vagina during intercourse.

Thermoregulation: the high specific heat capacity

of water means that bodies composed largely of water (cells
are typically 70-80% water) are very thermostable, and thus
less prone to heat damage by changes in environmental
temperatures.

The high latent heat of vaporization of water means that a
body can be considerably cooled with a minimal loss of
water - this phenomenon is used extensively by mammals
(sweating) and reptiles (gaping) and may be important in
cooling transpiring leaves.

N

Supporting role: the cohesive forces between
water molecules mean that it is not easily compressed, and
thus it is an excellent medium for support. Important
biological examples include the hydrostatic skeleton (e.g.
earthworm), turgor pressure (in herbaceous parts of plants),
amniotic fluid (which supports and protects the mammalian
foetus) and as a general supporting medium (particularly for
large aquatic mammals such as whales).

Transparency: water permits the passage of visible
light. This means that photosynthesis (and associated food
chains) is possible in relatively shallow aquatic environments.




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. 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.

& Solute molecules cannot cross the
(&) ‘\% membrane as freely or as rapidly as
water molecules can.
MANY WATER MOLECULES
CAN MOVE IN THIS
DIRECTION q ; FEW WATER MOLECULES CAN
MOVE IN THIS DIRECTION
THERE IS A NET MOVEMENT OF
WATER MOLECULES IN THIS
DIRECTION * .
............... ' Water molecules
"""" Water molecules — in a concentrated
i in a dilute solution solution have a
® This movement of water depends on have a high water N low water
how many water molecules have potential potential
sufficient free kinetic energy to ‘escape m
from’ the system
so that any system in which the water * Water moves T T~ .
molecules have a high average kinetic down a water ] T~
energy will have a greater tendency to potential gradient
lose water than will a system in which
the water molecules have a low average * In the absence of a partially
kinetic energy permeable membrane all water
molecules would quickly attain the
same free kinetic energy and there
would be no water potential gradient.

Osmosis is * the movement of water
* down a water potential gradient
* across a partially permeable membrane

and when describing water * to a solution with a more negative water
movements scientists replace the term potential.

free kinetic energy with the term water
potential, so that

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

olar, 50 . ;
P inscluble in water

very

AFFAARAATARFY

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

WATER

WATER

Ui

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
packing of the hydrophobic tails and
so increase fluidity, but cholesterol

TR

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,0O, 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
across the membrane.

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 ?:2
that its position in the membrane

changes and the solute molecule is

discharged on the other side of the g.f g
membrane. Glucose uptake by

I
R

erythrocytes occurs in this way. S?QIE;J;E &IJ\\IHHF:EIHO .
N.B. There is no requirement for ATP, IND! ERS ‘
as there is no energy consumption.
SOLUTE RELEASE
AND CARRIER
RETURN

Diffusion through aqueous
channels in pore proteins:
transmembrane proteins may have
aqueous

channels ¢
through which %
charged

molecules may

pass and thus g} %‘i
avoid the

hydrophobic tails of the phospholipid
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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Animal cell ultrastructure

Lysosomes are sacs that contain high concentrations of
hydrolytic (digestive) enzymes. These enzymes are kept apart
from the cell contents which they would otherwise destroy,
and they are kept inactive by an alkaline environment within
the lysosome. They are especially abundant in cells with a

Microvilli are extensions of the
plasmamembrane which increase the celi
surface area. They are commonly abundant
in cells with a high absorptive capacity, such
as hepatocytes or cells of the first coiled
tubule of the nephron. Collectively the

microvilli represent a brush border to the cell.

Lhigh phagocytic activity, such as some neutrophils.

Free ribosomes are the sites of protein synthesis, principally
for proteins destined for intracellular use. There may be
50 000 or more in a typical eukaryote cell.

Endocytic vesicle may contain molecules or structures too
large to cross the membrane by active transport or diffusion.

Microtubules are hollow tubes of the protein tubulin, about
25 nm in diameter. They are involved in intracellular
transport (e.g. the movement of mitochondria), have a
structural role as part of the cytoskeleton and are components
of other specialized structures such as the centrioles and the
basal bodies of cilia and flagella.

it contains the hereditary material, DNA, carrying the
information for protein synthesis. The DNA is bound up with
histone protein to form chromatin. The nucleus contains one
or more nucleoli in which ribosome subunits, ribosomal
RNA, and transfer RNA are manufactured. The nucleus is
surrounded by a double nuclear membrane, crossed by a
number of nuclear pores. The nucleus is continuous with the
endoplasmic reticulum. There is usually only one nucleus
per cell, although there may be many in very large cells such
as those of striated (skeletal) muscle. Such multinucleate

Nucleus is the centre of the regulation of cell activities sinc:‘

cells are called coenocytes.

S

Peroxisome is one of the group of vesicles known as
microbodies. Each of them contains oxidative enzymes such
as catalase, and they are particularly important in delaying
cell ageing.

Centrioles are a pair of structures, held at right angles to on;
another, which act as organizers of the nuclear spindle in
preparation for the separation of chromosomes or chromatids
during nuclear division.

the Golgi body) or the products of degradation by lysosomes.
Secretory vesicles are abundant in cells with a high synthetic
activity, such as the cells of the Islets of Langerhans.

Secretory vesicle undergoing exocytosis. May be carrying
a synthetic product of the cell (such as a protein packaged at

Smooth endoplasmic reticulum is a series of flattened sacs
and sheets that are the sites of synthesis of steroids and lipids.

Rough endoplasmic reticulum is so-called because of the
many ribosomes attached to its surface. This intracellular
membrane system aids cell compartmentalization and
transports proteins synthesized at the ribosomes towards the
Golgi bodies for secretory packaging.

Golgi apparatus consists of a stack of sacs called cisternae.
It modifies a number of cell products delivered to it, often
enclosing them in vesicles to be secreted. Such products
include trypsinogen (from pancreatic acinar cells), insulin
(from beta-cells of the Islets of Langerhans) and mucin (from
goblet cells in the trachea). The Golgi is also involved in
lipid modification in cells of the ileum, and plays a part in the
formation of lysosomes.

and metabolically (hepatocytes) active.

Mitochondrion (pl. mitochondria) is the site of aerabic respiration.
Mitochondria have a highly folded inner membrane which supports the
proteins of the electron transport chain responsible for the synthesis of
ATP by oxidative phosphorylation. The mitochondrial matrix contains the
enzymes of the TCA cycle, an important metabolic ‘hub’. These
organelles are abundant in cells which are physically (skeletal muscle)

Cytoplasm is principally
water, with many solutes
including glucose,
proteins and ions. tis
permeated by the
cytoskeleton, which is the
main architectural support

Microfilaments are
threads of the protein actin.
They are usually situated in
bundles just beneath the
cell surface and play a role
in endo- and exocytosis,
and possibly in cell

of the cell. motility.

Plasmalemma (plasmamembrane) is the
surface of the cell and represents its contact

with its environment. it is differentially permeable
and regulates the movement of solutes between the
cell and its environment. There are many
specializations of the membrane, often concerning
its protein content.
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