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Know that cell theory is a unifying concept stating that cells are a fundamental unit of structure,
function and organisation in all living organisms.
Understand the ultrastructure and function of organelles in the following cells:

prokaryotic cells (bacterial cell) - nucleoid, plasmids, 70S ribosomes, capsule, cell wall
eukaryotic cells (plant and animal cells) -

plasma membrane,
cytoplasm,
nucleus,

nucleolus,
endoplasmic reticulum (smooth and rough),
Golgi apparatus,
vesicles,
lysosomes,

80S ribosomes,
mitochondria,
Centriole

eukaryotic cells (plant-cell specific)

cell wall,
chloroplasts,
vacuole,
tonoplast,
amyloplasts,
plasmodesmata,
pits.

Recognise cell organelles from electron micrographs and the use of light microscopes.
Understand the similarities and differences between plant and animal cell structure and
function.

Understand how to distinguish between gram-positive and gram-negative bacterial cell walls
and why each type reacts differently to some antibiotics.

Calculate magnification and size of cells and organelles from drawings or images.
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Cells Knowledge Organiser

Term Definition

Bacteria an important group of microorganisms in the kingdom Prokaryotae. The
cells of bacteria (singular bacterium) are small, do not have nuclei or
organelles such as mitochondria, and their DNA is in circular strands in
the cytoplasm . Although some bacteria are harmful and are responsible
for diseases such as cholera and plague, others form the basis of much of
modern biotechnology . In addition, they play a vital role in ecological
processes. Nutrient cycles rely on the action of bacteria in making the
elements locked up in complex organic molecules available to plants once
again.

A number of features are used to identify bacteria. The shape of an
individual cell is important and enables it to be classified as a bacillus,

a coccus, a spirillum or a vibrio.

Identifying bacteria by their shapes With their small size and the enormous
number of species involved, shape alone is inadequate as a means of
identifying individual bacteria. The molecules that they contain and the
biochemical processes which occur within their cells are also important
and allow techniques such as Gram staining to be used to distinguish
between bacteria that look very similar under a microscope.

Cell Wall a rigid layer that surrounds individual cells in plants, bacteria and fungi.
Animal cells do not have cell walls. The most abundant component of plant
cell walls is cellulose. Cellulose molecules form long parallel chains that
are linked into bundles called microfibrils. These cellulose microfibrils are
cemented together in a matrix containing a variety of other substances.
The resulting structure is very strong and resistant to both compression
and tensile (pulling) forces. It is, however, freely permeable, allowing water
and other substances to pass readily through it. In the cell walls

of sclerenchyma and xylem, this wall is further strengthened by the
addition of lignin . Lighin cements and binds the cellulose microfibrils
together.

The cell wall provides support for the cell. In addition, it plays a vital part in
allowing turgor pressure to build up in the cell. This helps to support the
plant. The cell walls of bacteria and fungi share many of the functions of
the cell walls of plants, although there are differences in their chemical
structure. The main molecule in bacterial cell walls is peptidoglycan,
whereas in fungal cell walls it is the nitrogen-containing

polysaccharide chitin.

Cell surface The plasma membrane found on the outside of a cell .
membrane
cellulose a polysaccharide that is one of the main components of plant cell walls.

The diagram shows how molecules of a form of glucose called B-glucose
are joined by condensation to give long, straight chains of cellulose.

These chains are linked into bundles by hydrogen bonds. It is because
cellulose is arranged in these bundles that it can form strong but
permeable cell walls in plants. An additional feature of cellulose is that,
although it is a common carbohydrate, it is difficult to digest. Mammals that
live to a large extent on plant material usually have partnerships with
microorganisms. The mammal provides the microorganisms with cellulose
from its diet. In turn, the microorganisms produce enzymes that break the
cellulose down into smaller molecules which can be absorbed by the
mammal concerned. This is an example of mutualism.
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Centriole Centrioles are tubelike structures that aid in cell division. They generally
are found close to the nucleus and are made up of nine tube-like
structures that each have three tubules.

There are two main functions of centrioles.

- Cell division - The main function of the centriole is to help with cell
division in animal cells. The centrioles help in the formation of the
spindle fibers that separate the chromosomes during cell division
(mitosis). Without centriole's, the chromosomes would not be able
to move.

- Celiogenesis is the formation of cilia and flagella on the surface of
cells. Cilia and flagella help the cell move.

Chloroplast a chlorophyll containing organelle found in the cells of plants and algae.
Chloroplasts are where photosynthesis takes place. The chloroplasts found
in plant cells are small, flattened discs, each about five micrometres in
diameter. They are found in the cytoplasm but can change their position in
response to differences in light intensity. Chloroplasts are surrounded by an
outer envelope consisting of two plasma membranes . Inside there are
further membranes. These run through the chloroplast and are stacked in
places to form structures rather like piles of coins. These membrane stacks
are the grana. The membranes inside the chloroplast contain molecules of
chlorophyll and they are where the light-dependent reaction of
photosynthesis takes place. Light energy is trapped by the chlorophyll
molecules and used to produce chemical energy in the form of ATP. The
light energy also reduces the coenzyme NADP.

Surrounding these membranes is the rest of the chloroplast. This is called
the stroma. It contains the enzymes associated with the light-independent
reaction of photosynthesis. In this reaction, sugars are produced from
carbon dioxide, using the ATP and reduced NADP formed in the
light-dependent reaction.

Cholesterol a lipid that plays an important part in living organisms. Some of the
cholesterol required by the body is taken in with food and some is
synthesised in the liver. Cholesterol is an important component of plasma
membranes. It is also a precursor of bile salts and steroid hormones such
as testosterone and progesterone. High concentrations of cholesterol in
the blood, however, are associated with atheroma and coronary heart
disease . Its concentration is therefore often monitored in older people and
drugs such as statins may be given to reduce blood cholesterol.

Chromosome a thread-like structure found in the nucleus on which the genetic material
of the cell is organised. It may be thought of as a package of genes. A
chromosome consists of a tightly coiled length of DNA, closely associated
with a small amount of RNA and a number of proteins. These proteins have
a variety of different functions. One group, the histones, are involved in the
packaging of the DNA.

In non-dividing cells, the chromosomes are long and thin and cannot be
seen as separate structures. The DNA and proteins from which they are
made, however, can be stained and form chromatin. During cell division,
the chromosomes become shorter and thicker and can be identified as
distinct structures. In a human body cell, there are 23 homologous pairs of
chromosomes. The members of each pair have the same distinctive
appearance. This enables them to be identified and the chromosomes of
one person compared with those of another. Twenty-two of these pairs are
found in the body cells of all humans and these are known as autosomes.
In addition, there are two sex chromosomes. These are referred to by the
letters X and Y.

Page 4



In prokaryotic cells, such as those of bacteria, there is less DNA present. It
forms a loop that is sometimes called a bacterial chromosome. Since this
structure is not associated with histone packaging proteins, it is not a true
chromosome.

Cytoplasm the cytoplasm is the material or protoplasm within a living cell, excluding
the cell nucleus. It comprises the cytosol (the gel-like substance enclosed
within the cell membrane) and the organelles - the cell's internal
sub-structures. All of the contents of the cells of Prokaryote organisms
(such as bacteria, which lack a cell nucleus) are contained within the
cytoplasm. Within the cells of Eukaryote organisms the contents of the cell
nucleus are separated from the cytoplasm, and are then called the
nucleoplasm. The cytoplasm is about 80% water and usually colorless.

Diffusion the movement of molecules or ions from where they are in a high
concentration to where they are in a lower concentration. In other words,
particles of a substance diffuse down a concentration gradient. Since
energy from ATP is not required for diffusion, diffusion is described as a
passive process.
In a solid, the particles are fixed and cannot move relative to one another. In
a liquid, the particles are free to move but are close together, so bump into
each other and change direction. In a gas, the molecules travel much
further before colliding with each other. In liquids and gases, the kinetic
energy that the molecules possess results in them continually moving
about. As this movement is random, an equilibrium is eventually reached
where the molecules are spread out evenly.
Diffusion is important in the movement of substances through
the cell-surface membrane. Lipid -soluble molecules dissolve in the
phospholipid part of the membrane and diffuse readily. Molecules such as
water, oxygen and carbon dioxide diffuse rapidly because of their small
size. lons, which are charged particles, and larger molecules such
as glucose cannot pass through the phospholipid layer. Instead, they go
through special channel proteins. The rate at which substances diffuse into
and out of cells is governed by a number of different factors. These include
the:

e area of the surface over which they diffuse

e difference in concentration on either side of the exchange surface

e thickness of the exchange surface.
Fick's law is a simple way of expressing this relationship.

DNA an information-carrying molecule that forms the genetic material in living
organisms. A molecule of DNA consists of two polynucleotide strands. One
strand runs in one direction, the other runs in the opposite direction. Each
strand has a sugar-phosphate backbone. One of four bases:

adenine, cytosine, guanine or thymine - is attached to each sugar in this
backbone. These bases are joined by hydrogen bonds formed between the
adenine in one strand and the thymine in the other, and between the
cytosine in one strand and the guanine in the other. The whole molecule is
twisted to form a double helix with one complete turn of the spiral for
every ten base pairs. In animals and plants, DNA is an important component
of chromosomes, but it is also found in mitochondria and chloroplasts .

A sequence of three bases, called a triplet, codes for a specific amino acid.
Genes are sections of a DNA molecule that code for particular
polypeptides. The base sequence of a gene determines the amino acid
sequence in a polypeptide.

During protein synthesis, another nucleic acid, mRNA, is produced which
takes the gene code from the DNA in the nucleus of the cell to
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the cytoplasm where amino acids are assembled in the right order to
produce the required polypeptide.

During the cell cycle, DNA replication occurs. A DNA molecule is copied
accurately and an exact copy is made that is passed on to genetically
identical daughter cells.

Electron Microscope |A scanning electron microscope (SEM) is a type of electron microscope
that produces images of a sample by scanning it with a focused beam of
electrons. The electrons interact with atoms in the sample, producing
secondary electrons which when detected are then used to map the
sample's surface topography and composition producing a 3D image of the
sample.

The transmission electron microscope (TEM) operates on the same basic
principles as the light microscope but uses electrons instead of light. What
you can see with a light microscope is limited by the wavelength of light.
TEMs use electrons as light source and their much lower wavelength
makes it possible to get a resolution a thousand times better than with a
light microscope.

Endoplasmic a network of membranes found in the cytoplasm of a cell. It consists of a
Reticulum complex system of membranes enclosing flattened, fluid-filled spaces. In
rough endoplasmic reticulum, these membranes may be covered

with ribosomes. The ribosomes produce proteins that are transported
through the spaces between the membranes. Smooth endoplasmic
reticulum does not have ribosomes on its surface. Its main function is the
Loroduction and transport of lipids.

Enzyme a protein that catalyses biochemical reactions. Without enzymes, many of
the reactions that take place in living organisms would be very slow.
Enzymes are vital in allowing these reactions to take place rapidly in the
conditions that are found inside living cells. There are many different
enzymes. A single mammalian cell, for example, may have as many as 2000
different chemical reactions taking place inside it. Each of these will be
catalysed by a different enzyme. They all work in a similar way, however, by
lowering the activation energy necessary to start the reaction. As less
energy is necessary, biochemical reactions can take place at the
temperatures and pressures found in living cells. The way in which an
individual enzyme molecule works may be explained by referring to
models, such as the lock and key model and induced fit model .

Enzyme Substrate formed when a substrate molecule binds with the active site of an enzyme.
Complex The reaction now takes place and the product molecules remain bound in
the active site as an enzyme-product complex. The product molecules are
then released and the enzyme is able to accept another substrate
molecule.

Epithelium the tissue covering an organ, either on its inside or on its outside.
Substances such as the products of digestion, oxygen, water and carbon
dioxide must go through epithelial cells to get into or out of the bodly.
Because of this, epithelial cells are often specialised for exchange. Those in
the small intestine, for example, have their free cell-surface

membranes folded to form microvilli. This provides a large surface area for
the absorption of the products of digestion. As they act as lining cells,
epithelial tissues are prone to damage and need constant replacement.
Mitosis can often be seen in epithelial cells.

Epithelial tissues are classified according to shape. The three basic types
are shown in the diagram.

Page 6



Simple Stratified

Squamous

Simple squamous epithelium Stratified squamous epithelium

Cuboidal

Simple cuboidal epithelium Stratified cuboidal epithelium Pseudostratified

Columnar

Simple columnar epithelium Stratified columnar epithelium Pseudostratified columnar epithelium

In addition to covering organs, epithelial tissue also forms exocrine glands.

Eukaryotic

a term used to describe cells that contain a nucleus. Animals and plants
are eukaryotes and therefore have cells containing nuclei. Bacteria

are Prokaryotic. They have cells that do not contain nuclei. Eukaryotic cells
are different in other ways from prokaryotic cells.

Eukaryotic cells

Large cells up to 50um
in diameter.

Prokaryotic cells

Cells small with a
mean diameter under

5 jm

Circular strands

of DNA not associated
with proteins and
found in the
cytoplasm.

DNA linear and
associated with proteins
to form chromosomes.

The chromosomes are
found in a nucleus

No nucleus present

Few organelles preset.
None s surrounded by

a plasma membrane.

Many membrane-surrounded
organelles such as
mitochondria present.

Facilitated diffusion

diffusion that is helped by protein carrier molecules. Molecules such
as glucose do not diffuse through the phospholipid layers in cell-surface

membranes. The membranes, however, contain carrier proteins. These
proteins have two important properties. They have binding sites for specific
molecules. A glucose carrier protein, for example, only binds to glucose
molecules. Other molecules do not fit into the binding site. In addition, the
carrier molecules change shape many times each second. In one form, the
binding site is exposed to the outside of the cell; in the other, it is exposed
to the inside. Glucose molecules outside the cell are continually moving
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about. One eventually collides with the binding site of an exposed carrier
protein. When the protein changes shape, the glucose molecule will be on
the inside of the membrane where it will be released.

flagellum (bacterial) |a long, thin hair-like process (plural flagella) on the surface of a bacterium
that enables it to move. It is made of molecules of a protein called flagellin
that are spirally arranged to form a tube. The entire flagellum has a
wave-like appearance but it is rigid and does not beat. It is its rotating
action that moves the cell along.

flagellum (eukaryotic |a long, thin hair-like process on the surface of the cell. If a cross-section is
cell) cut through one of these structures it is seen to consist of a ring of

nine microtubules surrounding two more microtubules located in the
centre. The microtubules are made of proteins and enable the flagellum to
beat and bring about movement in some single-celled organisms

and sperm cells. Eukaryotic flagella are sometimes called undulipodia.

fluid mosaic model [a model showing the way that scientists think that molecules are arranged
in a plasma membrane. Even with an electron microscope it is not possible
to see the molecular structure of a plasma membrane, so it was necessary
to construct a model to explain its various properties. Today, the most
widely accepted model is the fluid mosaic model. This was originally
suggested by Singer and Nicolson in 1972.

There is a double layer of phospholipid molecules within which protein
molecules are scattered. Some of these proteins move freely within the
phospholipid layers, while others are anchored rather more firmly to
structures within the cell. The term ‘fluid mosaic’ refers to the membrane’s
structure as a patchwork of different molecules that are free to change in
position. The protein molecules in the membranes have many important
properties, among which are the following.

- They may act as enzymes. For example, there are important
enzymes involved in carbohydrate and protein digestion on the
cell-surface membranes of the epithelial cells in the small intestine.

- They act as carrier proteins. These are involved in the processes
of active transport and facilitated diffusion.

-> They may act as specific receptors for hormones.

Gamete a general name for a sex cell. Gametes are haploid cells that are formed by
meiosis. In plants and some other organisms, however, mitosis takes place
between meiosis and the formation of a mature gamete. In sexual
reproduction, gametes fuse to produce a diploid zygote. In most
organisms, gametes are either male or female. Male gametes move to the
female ones and are smaller and produced in larger numbers.

Gene a length of DNA that occupies a specific position on a chromosome called a
locus. The sequence of nucleotide bases that makes up a gene gives it a
particular function. This usually means that each gene will code for a
specific protein or polypeptide. In humans, for example, there are genes
that code for a variety of different proteins. These include all the various
enzymes which control the biochemical processes in cells, hormones such
as insulin and growth hormone , and other proteins such as channel
proteins in cell-surface membranes, and haemoglobin. An individual gene
may have more than one form that differs slightly from the others in its
sequence of nucleotide bases. Different forms of a gene are called alleles.

Golgi apparatus an organelle responsible for the processing and packaging of substances
produced by a cell. When seen with an electron microscope, the Golgi
apparatus consists of a series of flattened sacs, each one enclosed by

a plasma membrane. These sacs are continually being formed on one side
and pinched off to produce small vesicles at the other. Cells that are
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involved in the secretion of substances contain particularly large amounts
of Golgi apparatus. Different processes are associated with this organelle:
- formation of glycoproteins. These are substances containing protein
and carbohydrate. An example of a glycoprotein is mucin. This is an
important component of the mucus produced by the cells that line
the gut, reproductive and gas exchange systems
- packaging and secretion of particular proteins, such as the
digestive enzymes produced by cells in the pancreas
- secretion of carbohydrates which make cell walls in plant cells
- formation of lysosomes.

Gram positive and Gram positive bacteria stain purple with the Gram stain procedure whereas
Gram negative Gram negative do not take up the stain to the same extent and appear pink
due to the use of a counter stain called Safranin.

90-95% of Gram negative bacteria are pathogenic. On the other hand, many
Gram-positive bacteria are non-pathogenic.

Not only do gram-negative bacteria tend to be harmful to humans, they are
also more resistant to antibiotics. They also develop resistance to them
sooner.

induced fit model a model that explains the way enzymes work. The lock and key model is a
rather simple model. It suggests that the active site of an enzyme has a
rigid shape into which the substrate fits. In the induced fit model, the shape
of the active site is not completely complementary to the shape of the
substrate molecule. When a substrate molecule collides with the active
site of the enzyme, the active site moulds round the substrate. This is
rather like putting a sock on your foot. The sock moulds round to fit your
foot perfectly. In other words, the substrate induces the active site of the
enzyme to fit.

lock and key model |used to explain the way in which enzymes work. An enzyme molecule has
an active site formed by a group of amino acid molecules. This active site
has a particular shape into which the substrate molecule fits to form

an enzyme-substrate complex. The activation energy of the reaction is
lowered and the reaction takes place under normal cell conditions. This
complex then breaks down to form the products and release the enzyme
molecule.

How an enzyme-controlled reaction takes place

It is important to realise that this is only a model. The actual situation is
rather more complicated. However, a thorough understanding of the lock
and key model lets us explain a number of factors that affect the rate of
reaction of enzymes, such as substrate concentration and competitive
inhibition.

lysosome an organelle that contains digestive enzymes. These enzymes are
separated from the rest of the cell contents by the plasma membrane that
surrounds the lysosome. This is essential otherwise these enzymes would
digest the proteins and lipids normally found in the cell and destroy them.
Lysosomes are usually associated with animal cells where they have a
number of different functions:

- Phagocytes are white blood cells that surround and ingest bacteria.
Once inside the phagocyte, these bacteria are destroyed by
enzymes produced by the lysosomes. Food taken in
by microorganisms such as amoeba is also digested by lysosomal
enzymes.

= During the life of an animal, most organs and structures increase in
size. Sometimes, however, they may be broken down during the
course of development. Bone is a tissue that has to be continuously
remodelled to cope with the changing stresses which occur as an
animal grows and increases in size. This can involve the breakdown
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of bone in some areas as well as its formation in others. Breakdown
is carried out by lysosomes in special bone cells.

- Metamorphosis is a process that occurs in the life cycle of some
animals and involves a major change in the form and shape of the
animal concerned. When a frog changes from a tadpole into an
adult, its tail disappears as it is gradually reabsorbed. This is another
process carried out by lysosomes.

Magnification is how much bigger a sample appears to be under the microscope than it is
in real life
microorganism any organism that is very small and can only be seen with a microscope.

The three main groups of microorganisms - the viruses, the bacteria and
the fungi - are different in their basic structure. Although they are
responsible for many plant and animal diseases, they are also particularly
useful in industrial processes. This is mainly because they have simple
nutritional requirements, a very rapid growth rate and either produce or,
with genetic engineering can be altered to produce, a whole range of
useful substances.

Microvilli tiny, finger-like projections (singular microvillus) from the cell-surface
membrane of an animal cell. Microvilli are found in large numbers on the
epithelial cells that line the small intestine. They are also found on the cells
that form the wall of the first convoluted tubule in a nephron. Microvilli
increase the surface area over which diffusion and active transport take
place. You should take care to distinguish a microvillus from a villus. Villi
are much larger structures. Those in the small intestine, for example, are
made up of many cells.

Mitochondria the organelles (singular mitochondrion) in which the biochemical reactions
associated with aerobic respiration take place. Mitochondria vary in size
and shape, but they are often small, elongated structures about a
micrometre in length. Each mitochondrion is surrounded by an envelope
made up of two plasma membranes. The inner one is folded to form
structures called cristae. These cristae stick out into the matrix of the
mitochondrion. The matrix contains the enzymes associated with the Krebs
cycle while the electron transport chain is located on the cristae. Numbers
of mitochondria vary considerably from cell to cell. Cells that contain
particularly large numbers of these organelles usually require large
amounts of ATP. This may be for one of the following reasons:
= active transport. This process requires ATP to move substances
against a concentration gradient. Active transport is important in
the absorption of the products of digestion in the small intestine,
reabsorption by the cells of the first convoluted tubulein a nephron,
and in loading sugar into the sieve tubes (see sieve tube element) in
the phloem. Cells associated with these processes contain large
numbers of mitochondria
- movement. The contraction of muscles, the separation of
chromosomes in dividing cells, and the swimming of sperms all
require energy. Once again large numbers of mitochondria are
associated with the cells concerned
- chemical reactions involved in producing nhew molecules also
require energy. Examples of cells in which such reactions take place
include liver cells and the rod cells in the retina of the eye.

Nucleolus is the largest structure in the nucleus of eukaryotic cells, where it primarily
serves as the site of ribosome synthesis. Nucleoli are made of proteins and
RNA.

Nucleus a large organelle (plural nuclei) that carries a cell's genetic material and

controls its activities. The prokaryotic cells of bacteria do not have nuclei.
Nuclei are present in the eukaryotic cells of animals and plants. There are
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some eukaryotic cells, however, that do not have nuclei when they are
mature. These include animal cells such as red blood cells and some of the
plant cells found in phloem. Eukaryotic cells without nuclei, however,
always develop from cells with nuclei.

A nucleus is surrounded by a nuclear envelope. The nuclear envelope
consists of two membrane layers and has a large number of pores in it. The
nucleus communicates with the cytoplasm through these pores. Molecules
of messenger RNA, for example, pass through the nuclear pores

during protein synthesis. Within the nucleus is the genetic material of the
cell. This is DNA. The DNA is bound together with proteins to

form chromosomes. The chromosomes in a cell can only be seen clearly
when the cell divides. Between divisions, this genetic material is much
more spread out, so individual chromosomes are not visible. Within the
nucleus is a dark-staining structure known as the nucleolus. This is
involved in the production of RNA.

Palisade Cell tall, narrow, photosynthetic cell found in the mesophyll of a leaf. This shape
enables palisade cells to be packed closely together and provides an
excellent arrangement for absorption of light. Palisade cells contain many
chloroplasts that are able to move within the cytoplasm. The chloroplasts
can, therefore, absorb light efficiently in low light intensities but are
[protected from bleaching in bright light.

Pathogen a microorganism that is a parasite of an animal or plant and causes

a disease. There are many different microorganisms found in and on the
surface of the human body but not all of them are pathogens. The
nineteenth-century biologist, Robert Koch, put forward a series of
principles called Koch's postulates which can be used to confirm that a
particular microorganism is a pathogen and causes a particular disease.

Pits Pits are parts of plant cell walls which allow the exchange of fluids.

Phagocytosis the transport of large particles or cells through the cell-surface
membrane into the cytoplasm. The membrane surrounds the particles
concerned. A vesicle or vacuole is formed which is pinched off and moves
into the cytoplasm. Although phagocytosis takes place in many cells, two
particularly good examples are provided by amoeba and certain kinds of
white blood cell. Amoeba changes its shape as it moves by extending its
cytoplasm to form processes called pseudopodia. These cytoplasmic
processes engulf prey so that it becomes enclosed within a food vacuole in
the cytoplasm. Enzymes are secreted into this vacuole and digest the prey.
Various kinds of phagocytic white blood cell engulf pathogenic bacteria.
Again, enzymes are released into the resulting vacuoles and the bacteria
are digested.

Plasma Membrane [a membrane found either on the outside of a cell or inside it.

Each cell in a eukaryotic organism is surrounded by a cell-surface
membrane and its cytoplasm also contains membranes and
membrane-bounded organelles such as mitochondria and chloroplasts.
Plasma membranes are extremely thin. They are only about 7 nm thick and
so cannot be seen with a light microscope. A transmission electron
microscope, however, shows a plasma membrane as consisting of three
lines forming a sandwich. The two outer lines are dark in colour while there
is a lighter one in between. Plasma membranes are made mainly

of lipids and proteins but the actual amount of these substances differs
from cell to cell. As it is impossible, even with an electron microscope, to
see how the actual molecules are arranged in a cell membrane, scientists
have produced a model to explain the membrane’s properties. The most
accurate model of membrane structure that has been developed is

the fluid mosaic model which describes most of the properties of a plasma
membrane.
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Plasma membranes play an important part in the biology of cells. They
regulate the movement of substances into and within cells and they also
have important receptor molecules on their surfaces that enable cells to
respond to substances such as hormones.

Plasmid

a small circular piece of DNA found in bacteria and some other organisms.
In bacteria, most of the DNA in the cell is joined to make a loop. This is the
largest piece of DNA in the cell but most bacteria also carry plasmids.

Plasmids often contain genes that code for resistance to antibiotics and
they can be passed from one bacterium to another by a variety of
processes. These two features give them considerable importance.
Overexposure to antibiotics may result in otherwise harmless bacteria,
such as those found in the gut, being selected for antibiotic resistance. This
resistance can be passed via plasmid transfer to disease-causing bacteria,
which then become more difficult to control. In addition, the fact that
plasmids are readily accepted by bacteria makes them useful as vectors in
genetic engineering.

plasmodesmata

a narrow thread of cytoplasm that passes through the cell walls of
adjacent plant cells and allows communication between them

Polypeptide

a polymer consisting of a chain of amino acid molecules. They are joined by
peptide bonds formed by condensation. One or more polypeptides form
a protein.

Prokaryotic Cells

a term used to describe the cells of organisms such as bacteria that do not
contain a nucleus. Cells from animals and plants are eukaryotic.
Prokaryotic cells differ from eukaryotic cells in a number of ways.

Prokaryotic cells Eukaryotic cells

Cells small with a Large cells up to 50um
mean diameter under in diameter.

S pm
Circular strands DNA linear and

of DNA not associated |associated with proteins
with proteins and to form chromosomes.
found in the
cytoplasm. The chromosomes are
found in a nucleus

No nucleus present
Few organelles preset. [Many membrane-surrounded
None is surrounded by |organelles such as

a plasma membrane. mitochondria present.

Protein

a polymer built from amino acids joined by peptide bonds. The resulting
chain of amino acids (called a polypeptide) is then folded in different ways

and to different extents.
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Primary Structure

This level of structure
is determined by the
sequence of amino
acids that join to form

a polypaplide
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Tertiary Structure

Due in par to covalent
bonding batween A
groups the polypeplide
folds and twists giving
it a charactenshc
globular shape.

Quaternary Structure

This level of structure
occurs whan two or mone
polypeptides join 1o form
a single protein

Many of the properties of proteins can be explained in terms of their shape.
Structural proteins are made from long parallel chains which form fibres or
sheets. In globular proteins the tertiary structure is important and gives
them their shape. This shape is important in determining how they function
as, for example, enzymes or antibodies.

Resolution

Resolution is the ability to distinguish between two points on an image i.e.
the amount of detail

- The resolution of an image is limited by the wavelength of radiation
used to view the sample.

- This is because when objects in the specimen are much smaller than
the wavelength of the radiation being used, they do not interrupt the
waves, and so are not detected.

- The wavelength of light is much larger than the wavelength of
electrons, so the resolution of the light microscope is a lot lower.

- Using a microscope with a more powerful magnification will not
increase this resolution any further. It will increase the size of the
image, but objects closer than 200nm will still only be seen as one
point.

SEMs have higher resolving power than light microscopes and TEMs have
even greater resolving power than SEMs.

Ribosome

a small organelle that is important in synthesising proteins. It is made of a
mixture of protein and a special sort of RNA called ribosomal RNA (rRNA).
During protein synthesis, a molecule of messenger RNA (mRNA) carries

the genetic code for a particular protein from the nucleus into

the cytoplasm of the cell. Ribosomes how move along this mMRNA molecule.
This results in amino acids being assembled in the correct order to form a
molecule of the protein concerned.

There are two basic types of ribosome. Those found in the cytoplasm

of eukaryotic cells are slightly larger than those which are found

in prokaryotic cells.

Root Hair Cell

an outgrowth from a cell in the epidermis of a root. Root hairs are usually

found in young roots, in the region just behind the root tip. They provide a
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large surface area through which the root can absorb water and mineral
ions.

Stomata the small pores in the surface of a leaf through which gas exchange
normally takes place. They may be found on either surface of the leaf but
are more commonly located on the underside. However, in aquatic plants
like the water lilies that have floating leaves, stomata are only found on the
upper surface. They are important in allowing the carbon dioxide required
in photosynthesis to diffuse from the atmosphere into the intercellular
spaces of the leaf. Unfortunately, as gases diffuse into the leaf, so large
amounts of water vapour will be lost via transpiration. There has to be a
compromise between having the stomata permanently open so that the
carbon dioxide can diffuse in and closed so that water loss is minimised.
Stomata are surrounded by guard cells that are able to regulate the size of
the stomatal opening. Various mechanisms have been suggested to
explain how they do this. The potassium-movement hypothesis is thought
to offer the most likely explanation. Xerophytes are plants which live in
particularly dry places. The stomata on their leaves are often adapted by
being sunken into pits or by being surrounded by hairs. This reduces water
loss.

Tissue a group of cells that have a common origin and a similar structure. This
enables them to perform a particular function. An example of a simple
animal tissue that fits this definition is the layer of cells which lines the
small intestine. This is an epithelial tissue. Other tissues, however, are often
more complex and may consist of several types of cell. Blood is an example
of a tissue like this. It consists of red blood cells, white blood cells and
platelets. The red blood cells, however, all arise from cells in the bone
marrow, so they have a common origin. They are very similar in structure
and this structure is an adaptation to their function in the transport of
respiratory gases. In mammals there are four basic tissue types. These are:

- epithelial tissue. This covers organs, either on the inside or on the
outside. Glands are also formed from epithelial tissue.

- connective tissue . This tissue has different functions. It can bind
other tissues together or it may form tendons, ligaments, bone or
blood. Many connective tissues have functions associated with
support. In addition, connective tissue plays an important part in the
defensive mechanisms in the body

- muscle tissue brings about movement and also helps to maintain
posture. Muscle tissue is also involved with movement, such as
changes in diameter of blood vessels, that is associated with organs
that are not under conscious control

= nervous tissue. This tissue is made up of specialised cells called
neurones . These provide links between receptors and effectors .

Plant cells are also organised into tissues. There are five main types:

- parenchyma . This is made up from relatively unspecialised cells
that are important in supporting young plants. Parenchyma cells
photosynthesise and store substances as well.

- collenchyma. A type of supporting tissue whose cells have walls
with extra cellulose thickening at the corners

- sclerenchyma . Supporting tissue in which the cell walls are
thickened with lignin

- xylem. A plant tissue responsible for the transport of water and
inorganic ions from the roots to the stem and leaves

- phloem. A plant tissue that transports the products of
photosynthesis away from the leaves to other parts of the plant.

In both animals and plants, different tissues are grouped together to form
organs.
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Tonoplast a membrane which bounds the chief vacuole of a plant cell.

Toxin a poison produced by a living organism. Many disease-causing bacteria
produce toxins and it is the effect of these substances on the body which
produces the symptoms of the disease. Endotoxins are inside bacterial
cells and are only released into the body of the host when the cell dies and
the cell wall breaks down. Exotoxins are secreted by bacteria as they grow.

Vacuole A membrane-bound organelle in the cytoplasm of most cells, especially
plant cells, containing water and dissolved substances such as salts,
sugars, enzymes, and amino acids.

Vesicles Small membrane bound sacs found within the cell. They contain digestive
enzymes in the case of lysosomes or neurotransmitters in the case of
neurotransmitter vesicles in neurons.

Virus an extremely small particle that is only capable of multiplying once it is
inside a living cell. A virus consists of a molecule of nucleic acid,

either DNA or RNA, surrounded by a protein coat. Some of the larger
viruses have an outer lipid layer as well. Outside the cells of their host, they
are completely inert. They cannot feed, respire or multiply, so they are best
thought of as non-living particles. The life cycle of a virus involves the
take-over of the host cell and the use of its biochemical processes to make
more virus particles. All viruses are, therefore, to some extent harmful.
They cause a wide range of human diseases including the common

cold, influenza, AIDS and some cancers. They also produce some
economically important plant diseases. Viruses may be used

as vectors in genetic engineering.
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B1 Biology.

- Know that cell theory is a unifying concept stating that cells are a fundamental unit of structure,

\7

280 250 250 70 70 2 20 2 2 7

function and organisation in all living organisms.

Understand the ultrastructure and function of organelles in the following cells:

eukaryotic cells (plant and animal cells) -

plasma membrane,
cytoplasm,
nucleus,

nucleolus,
endoplasmic reticulum (smooth and rough),
Golgi apparatus,
vesicles,
lysosomes,

80S ribosomes,
mitochondria,
Centriole
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Eukaryotic Cells - Identify the structures in this animal cell.

Number

Structure / Organelle

10

11

12
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For each of the Organelles that you identified on the diagram, explain their function.
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Eukaryotic Cells - Plant cell.

Identify the numbered structures in the plant cell.

Number

Structure / Organelle

10

11

12

13
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For the following organelles that you identified in the previous diagram explain the function of the
following organelles.

A2 2 2 2 2 2\

cell wall,
chloroplasts,
vacuole,
tonoplast,
amyloplasts,
plasmodesmata,
Pits.

Page 21



Page 22



Plant cell

Cytoplasm chloroplast

lysosome ribosomes

rough
endoplasmic reticulum

mitachondrion

smooth
endoplasmic reticulum

nucleoplasm
nucleolus

nuclear
envelope

nucleus

nuclear
pore

cell wall
plasmodesma

5 cell membrane
peroxisome

vesicle Golgi apparatus
© 2010 Encyclopeedia Britannica, Inc.

- Understand the similarities and differences between plant and animal cell structure and
function.
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- prokaryotic cells (bacterial cell) - nucleoid, plasmids, 70S ribosomes, capsule, cell wall

- Identify the structures labeled A-I

Bacteria cell

Letter

Structure

O[O | W

m

-

I | o
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- How do Eukaryotic and Prokaryotic cells differ?
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Gram Staining

- Understand how to distinguish between gram-positive and gram-negative bacterial cell walls
and why each type reacts differently to some antibiotics.
->

Carry out a gram stain on the two cultures of bacteria you are presented with.

Gram Stain Method.

1. Place a loopful of tap water onto a slide. Touch a colony with a loop and mix the bacteria with
the water until there is a uniform, thin film of microorganisms on the slide. Spread the liquid as
much as possible. Air dry sample

Using bunsen Heat fix the slide. Allow the slide to cool.

Stain with Crystal Violet for 1 minute by flooding the slide with stain. Rinse with water

Apply Gram’s lodine solution for 1 minute by flooding the slide with the iodine. Rinse with water.
Carefull, decolorize for 3 seconds with Gram Stain Decolorizer by flooding the slide with ethanol.
Immediately rinse with water.

Counterstain with Safranin for 30 seconds by flooding the slide with stain. Rinse with water.

7. Air Dry the slide then view organisms using the oil immersion objective of your microscope.

bW

o

What is the difference between Gram Positive and Gram negative Bacteria?

Gram Positive

Plasma Membrane

Periplasmic space

Peptidoglycan

Plasma Membrane

Periplasmic space

Peptidoglycan

Outer membrane
(lipopolysaccharide
and protein

Gram Negative
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AO2 Key skills.

In this question you will be assessed on using good English, organising information clearly and using
specialist terms where appropriate.
The diagram shows some of the parts in a plant cell.

Ribosome

Nucleus

N0 20 2

Chloroplast —

Mitochondrion —__

Chloroplast
Mitochondrion

Cell membrane

Nucleus

/

-

. <o A
: .,ﬂ_..\
'\Ill
|

,%r Ribosome

|| — Cell membrane

The parts of a plant cell have different functions.

Glucose and proteins are made in plant cells.

Describe how the parts of a plant cell are involved in the production of glucose and

Proteins.

[6 marks] [There are more than six marking points available for this question your challenge is to nail

them all!l
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Magnification

Microscopy

Students should be able to:

- understand how microscopy techniques have developed over time

- explain how electron microscopy has increased understanding of sub-cellular structures.

- Limited to the differences in magnification and resolution. An electron microscope has much
higher magnification and resolving power than a light microscope. This means that it can be
used to study cells in much finer detail. This has enabled biologists to see and understand
many more sub-cellular structures.

= Students should be able to carry out calculations involving magnification, real size and image
size using the formula:

magnification = size of image
size of real object
- Students should be able to express answers in standard form if appropriate.

Key Questions.

What does magnification mean?

What does the term resolution mean?

What is the advantage of using an electron microscope?
What are the disadvantages of using an electron microscope?
What is the advantage of using a light microscope?

What are the disadvantages of using light microscopes?

How many micrometers are in 1mm?

Noo hs~wDbhPRE
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Bacterial cell Plant cell
Mitochondrion iboso mes

Length =
2 micro-
metres

Magnification = 50000 Magnification < 500

Both cells are drawn the same length, but the magnification of each cell is different.

The real length of the bacterial cell is 2 micrometres.
Calculate the real length, X, of the plant cell. Give your answer in micrometres.

Show clearly how you work out your answer.
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AO2 Skills

Qa.

microscope. The palisade has been magnified x 2000.

UL o) ik
l"\.\__-_\-q.-'ln- .-mv..m'-':u.

(a)

f‘; ¥
2 i
ty

}: f." JI'.il[ ‘
b ;: I]-'-

..'.'51 ."'.l', — B

The figure shows a section through a palisade cell in a leaf as seen with a light

Calculate the actual width of the cell, measured from A to B, in um. Show your working

(2)
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Q2. (@) Name the process in which cells become adapted for different functions.

(1)
(b) Palisade cells are found in leaves. The diagram shows a palisade cell.
(i)  Name structure A.
(1)
(i) The real length of this cell between X and Y is 20 micrometres (um). By how many
times has it been magnified? Show your working.
ANSWEY ...
(2)
(iii) Explain one way in which this cell is adapted for photosynthesis.
(1)
(Total 5 marks)
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Q3. The diagram shows an epithelial cell from the small intestine.

gy eomb et e e S Z
- == =
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\ %05 %’3’ ——
N | : =

Y

(@) (i) Name organelle.

(b) This diagram shows the cell magnified 1000 times. Calculate the actual length of the

cell between points P and Q. Give your answer in um. Show your working.

P41 0 1537/

(1)

(2)
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Q4.

The diagram shows a cholera bacterium. It has been magnified 50000 times.

(@A) Name A.

(1)
(b) Name two structures present in an epithelial cell from the small intestine that are not
present in a cholera bacterium.
L e ———————
2 e ——————
(2)
(d) Calculate the actual width of the cholera bacterium between points B and C.
Give your answer in micrometres and show your working.
.................................. pm
(2)
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Magnification Calculations.

Human Epithelial cells.

The average human epithelial cell is 6opmin diameter. Draw some of the cells above and work out the
magnification of your drawing.
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Onion Epidermal Cells.

The average onion epithelial cell is 250um in length. Draw some of the cells above and work out the
magnification of your drawing.
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Human Sperm

Observed Size
Actual Size

Magnification =

If a sperm is 55um, what is the magnification of this picture?
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Onion Epidermis

Observed Size
Actual Size

Magnification =

If an onion cell is 250um, what is the magnification of this picture?
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Human Cheek Epidermal cells

Observed Size
Actual Size

Magnification =

If the distance of A to B is 6opm, what is the magnification of this picture?
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Human Red blood cells Platelets and a white blood cell

Observed Size
Actual Size

Magnification =

If human blood cells are is 7um, what is the magnification of this picture?

What is the actual size of the white blood cell?
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Human Oocyte (egg cell)

Observed Size
Actual Size

Magnification =

The magnification of this picture is x110. What is the actual size of the oocyte(egg cell) from A to B?
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