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Topic: Introduction to biology 
 
-character istics of living things  (p.6-7) 
-skeleton and joints (p.120-123) 
 
skeleton 
The human skeleton is made up of 206 bones and provides a strong but flexible supportive 
framework for the body. 
 
 
 

 
 
 



  

Different types of skeleton. Vertebrate skeletons (top) are made of bone and cartilage and 
provide a scaffold for the flesh. Only in certain parts (for example the skull and the rib cage) 
are organs encased totally. A gorilla is shown here. Invertebrates may have an exoskeleton, 
made of chitin, as in insects and crustacea, such as the lobster (middle). The exoskeleton 
totally encases the animal and is periodically moulted to allow growth. Molluscs, worms, and 
other ‘soft’  invertebrates have a hydrostatic ‘skeleton’  that supports the body and facilitates 
locomotion. A cross-section of the fluid-filled cavity of an earthworm is shown below. 
 
 
 
 
 
 
 



The skull is a protective box for the brain, eyes, and hearing organs. It is also a framework for 
the teeth and flesh of the face. The cranium has eight bones&colon; occipital, two temporal, 
two parietal, frontal, sphenoid, and ethmoid. The face has 14 bones, the main ones being two 
maxillae, two nasal, two zygoma, two lacrimal, and the mandible. 
(Image © Research Machines plc) 
 
The human spine extends every night during sleep. During the day, the cartilage discs 
between the vertebra are squeezed when the body is in a vertical position, standing or sitting, 
but at night, with pressure released, the discs swell and the spine lengthens by about 8 mm/0.3 
in. 
(Image © Research Machines plc) 
 
Framework of bones that supports and gives form to the body, protects its internal organs, and 
provides anchorage points for its muscles. It is composed of about 200 bones. Each bone is 
made of a mineral, calcium phosphate, and protein. Bones of the skeleton are joined to each 
other by ligaments. In the human body, walking, running, arm and leg movements, hand 
actions, and even just standing, are all achieved by the operation of muscles attached to bones 
of the skeleton. Movement of the body is brought about by the moveable joints of the body. 
The elbow joint is a good example. Muscles are attached to bones by tendons, and 
contractions of the muscle bring about movement.  

The skeleton may be composed of bone and cartilage (vertebrates), chitin (arthropods), 
calcium carbonate (molluscs and other invertebrates), or silica (many protists). The human 
skeleton is composed of 206 bones, with the vertebral column (spine) forming the central 
supporting structure. 

A skeleton may be internal, forming an endoskeleton, or external, forming an exoskeleton, as 
in the shells of insects or crabs. Another type of skeleton, found in invertebrates such as 
earthworms, is the hydrostatic skeleton. This gains partial rigidity from fluid enclosed within 
a body cavity. Because the fluid cannot be compressed, contraction of one part of the body 
results in extension of another part, giving peristaltic motion. 



-external features of flower ing plants (p.172-179) 
 
The external anatomy of a typical flowering plant. 
 

 
 

 

 

 



Plants form flowers in response to par ticular  climate changes such as 
sunny, dry conditions or  drought. Plants that have good growing conditions 
are unlikely to produce many flowers, but instead will form many green 
leaves and increase their  size rapidly.  

Flowers are plant organs of reproduction. Flower ing enables sexual 
reproduction to take place and is a plant survival response. Some plants 
reproduce to form similar  identical plants by sending out runners e.g. 
strawberry. This is termed asexual reproduction, as it does not require 
reproduction by flower ing. 

Structure and function of flowers 

Flowers are a plant's reproductive organs. The male gametes are pollen. 
The female gametes are ovules. Flowers enable pollen from one plant to 
fer tilise the ovules of another  plant. This is called cross-fer tilisation and 
helps create a greater  var iety in the plants. Var iety aids survival as usually 
some plants will adapt and live in any new conditions.  

Some plants produce separate male and female flowers, but most plants 
have flowers containing both male and female reproductive par ts. Stamens 
are the male par ts and carpels are the female par ts. 

Study the different par ts of a simple flower  as shown below and then check 
the location and function of the parts in the table. 

 

Name of flower  
par t Location and function 



Sepals Protective cover ings on the outside of the flower  – 
usually green 

Petals Inside sepals and often coloured to attract pollinating 
insects 

Nectary Produces sugar  liquid that attracts insects at base of 
petals 

Stamens The male sex organs that produce pollen (anther  + 
suppor ting filament) 

Carpels The female sex organs that produce ovules (ovary + style 
+ stigma) 

Pollination and fer tilisation 

Pollen is contained in the anther  at the top of the stamen. When the pollen 
grains are r ipe, the swollen anther  splits open and releases them in response 
to sunny, dry conditions. The plant's ovary is at the base of the petals. A 
stalk called the style carr ies a sticky tip called the stigma. 

A pollen grain landing on a sticky stigma grows a long pollen tube down the 
style towards the ovule in the ovary. The genetic mater ial (male nucleus) 
from the pollen grain passes the down the tube and fer tilises the ovule. 
After  fer tilisation the petals fall off and a fruit usually forms. The flesh of 
the fruit is formed by a swollen ovary wall. 

Insect pollination and wind pollination 

Many flowers have features which attract insects to them as agents of 
pollination. Such flowers are br ightly coloured and give off attractive 
chemical scents that insects can detect in flight.  

Wind-pollinated plants have much less significant flowers. Grasses are a 
family of plants that are all wind-pollinated. 

 



Now study the following table that summar ises the difference between wind 
and insect pollinated flowers. 

Wind pollinated 
flower  

Insect pollinated flower  

Very small petals Large coloured petals 

No scent Scent 

No nectar  Nectar  

Many smooth pollen 
grains 

Rough pollen (that sticks easily to insects) 

Large anthers hang 
outside flower  

Anthers and stigma found inside the flower  petals 
so that they can touch visiting insects 

Seeds and fruits 

Inside the ovary each fer tilised ovule begins to divide into many cells. The 
resulting seed contains an embryo and a food store within a tough 
protective coat.  

An ovary can contain just one single seed or  many seeds. Single seeds 
contain large food stores that help ensure germination when it does occur . 
However  having many seeds can also be advantageous: although containing 
little stored food, the seeds are light and easily dispersed, so multiplying the 
chances of a plant surviving to a new generation. 

An ovary filled with fer tile seeds is called a fruit. Plants have evolved to 
make their  ovary walls fleshy, fragrant and attractive to animals by 
providing stored food from the surplus produced by photosynthesis. 
Examples of fruits are plums, grapes, apples, tomatoes, pea-pods and 
melons.  

Dispersal of seeds 

Fruits are dispersed by being eaten by animals. The seeds usually survive 
digestion and then can germinate in the animal droppings which are r ich in 
nitrogen – a natural plant fer tiliser .  

Other  plant seeds produce small hooks that catch in animal fur  and human 
clothing carrying them long distances (burdock is an example of this). 



Fruits and seeds can also be spread by wind, water  or  heat (drying pods 
exploding). Coconuts have been known to be swept out to sea in storms and 
float hundreds of miles to colonise new beaches. I t is very impor tant for  a 
plant to scatter  its seeds, so that the seeds colonise new places and do not 
grow too close to their  parents. After  a dormant per iod the seed germinates 
into a new plant. 

 

-internal structure of leaves (p.152-153) 

 

 

Internal Structure of the Leaf 

of a Typical Dicotyledonous Plant 



 

Internal Leaf Structure  

a) Cuticle: Waxy layer  water  proofing upper  leaves.  

b) Upper  epidermis: Upper  layer  of cells. No chloroplasts. Protection.  

c) Palisade Mesophyll: Tightly packed upper  layer  of chloroplast containing 
cells.  

d) Spongy Mesophyll: Lower layer  of chloroplast containing cells. Air  spaces 
around them.  

e) Lower Epidermis: Lower external layer of cells in leaf.  

f) Vascular  Bundle: Bundle of many vessels (xylem and phloem) for  transport.  

g) Xylem: L iving vascular  system carrying water  &  minerals throughout 
plant.  

h) Phloem: L iving vascular  system carrying dissolved sugars and organic 
compounds throughout plant.  

i) Guard Cells: 2 cells surrounding stomata that control rate of gas &  water  
exchange.  



j ) Stomata: Opening between guard cells for  gas &  water  exchange. (See 
Diagram below.) 

 

 

External Structure of the Leaf 

of a Typical Dicotyledonous Plant 
Function of Leaves:  

a. Increase sur face area for  Photosynthesis. 

b. Gas exchange (CO2 in, O2 out). 

c. Site of transpiration, evaporation of water  that helps pull water  up from 
roots. 

 

Leaf Blade: Wide flattened area of leaf for  concentrating sunlight on 
photosynthetic cells.  



Petiole: Short stem that attaches leaf to main stem or  branch. 

Veins: Vascular  bundles within leaf for  transort. 

Node: Growth region of stem where leaves or  new branches ar ise. 

Axillary bud: Baby leaf or  stem (next years growth). 

 

Topic: Structure and function of cells 
 
-typical animal and plant cell (p.18-19) 
 
 

Plant and animal cells 

All cells have these features in common: 

·  a cell membrane which controls what passes into and out of the cell  
·  cytoplasm where chemical processes (controlled by enzymes) take place, 

and  
·  a nucleus containing genetic material which controls the cell's behaviour.  

In addition, plant cells have the following unique features: 

·  a rigid cell wall made of cellulose  
·  vacuoles containing cell sap, and  
·  chloroplasts, containing chlorophyl which enables photosynthesis to take 

place.  

Make sure you can draw and label a generalised animal and a generalised plant cell, like this: 

 

Although it is useful to think about the general features of plant and animal cells, all cells in 
living organisms display specialised features that make them suited to carrying out their very 



specific jobs - for example, root cells, stem cells and leaf cells within a plant. A complex 
organism can be compared to a factory production line with different people performing 
different tasks. Cells within an organism display a similar division of labour to make the 
whole organism work properly and at a high level of efficiency. 

 

-ultrastructure of cell 
 
 

Animal Cell Structure 

Animal cells are typical of the eukaryotic cell, enclosed by a plasma membrane and 
containing a membrane-bound nucleus and organelles. Unlike the eukaryotic cells of plants 
and fungi, animal cells do not have a cell wall. This feature was lost in the distant past by the 
single-celled organisms that gave rise to the kingdom Animalia. Most cells, both animal and 
plant, range in size between 1 and 100 micrometers and are thus visible only with the aid of a 
microscope. 

 

The lack of a rigid cell wall allowed animals to develop a greater diversity of cell types, 
tissues, and organs. Specialized cells that formed nerves and muscles—tissues impossible for 
plants to evolve—gave these organisms mobility. The ability to move about by the use of 
specialized muscle tissues is a hallmark of the animal world, though a few animals, primarily 
sponges, do not possess differentiated tissues. Notably, protozoans locomote, but it is only via 
nonmuscular means, in effect, using cilia, flagella, and pseudopodia. 



The animal kingdom is unique among eukaryotic organisms because most animal tissues are 
bound together in an extracellular  matr ix by a triple helix of protein known as collagen. 
Plant and fungal cells are bound together in tissues or aggregations by other molecules, such 
as pectin. The fact that no other organisms utilize collagen in this manner is one of the 
indications that all animals arose from a common unicellular ancestor. Bones, shells, spicules, 
and other hardened structures are formed when the collagen-containing extracellular matrix 
between animal cells becomes calcified. 

Animals are a large and incredibly diverse group of organisms. Making up about three-
quarters of the species on Earth, they run the gamut from corals and jellyfish to ants, whales, 
elephants, and, of course, humans. Being mobile has given animals, which are capable of 
sensing and responding to their environment, the flexibility to adopt many different modes of 
feeding, defense, and reproduction. Unlike plants, however, animals are unable to 
manufacture their own food, and therefore, are always directly or indirectly dependent on 
plant life. 

Most animal cells are diploid, meaning that their chromosomes exist in homologous pairs. 
Different chromosomal ploidies are also, however, known to occasionally occur. The 
proliferation of animal cells occurs in a variety of ways. In instances of sexual reproduction, 
the cellular process of meiosis is first necessary so that haploid daughter cells, or gametes, 
can be produced. Two haploid cells then fuse to form a diploid zygote, which develops into a 
new organism as its cells divide and multiply. 

The earliest fossil evidence of animals dates from the Vendian Per iod (650 to 544 million 
years ago), with coelenterate-type creatures that left traces of their soft bodies in shallow-
water sediments. The first mass extinction ended that period, but during the Cambrian Period 
which followed, an explosion of new forms began the evolutionary radiation that produced 
most of the major groups, or phyla, known today. Vertebrates (animals with backbones) are 
not known to have occurred until the early Ordovician Per iod (505 to 438 million years ago). 

 

Cells were discovered in 1665 by British scientist Robert Hooke who first observed them in 
his crude (by today�s standards) seventeenth century optical microscope. In fact, Hooke 
coined the term "cell", in a biological context, when he described the microscopic structure of 
cork like a tiny, bare room or monk�s cell. Illustrated in Figure 2 are a pair of fibroblast deer 
skin cells that have been labeled with fluorescent probes and photographed in the microscope 



to reveal their internal structure. The nuclei are stained with a red probe, while the Golgi 
apparatus and microfilament actin network are stained green and blue, respectively. The 
microscope has been a fundamental tool in the field of cell biology and is often used to 
observe living cells in culture. Use the links below to obtain more detailed information about 
the various components that are found in animal cells. 

·  Centr ioles - Centrioles are self-replicating organelles made up of nine bundles of 
microtubules and are found only in animal cells. They appear to help in organizing cell 
division, but aren�t essential to the process. 

·  Cilia and Flagella - For single-celled eukaryotes, cilia and flagella are essential for 
the locomotion of individual organisms. In multicellular organisms, cilia function to 
move fluid or materials past an immobile cell as well as moving a cell or group of 
cells. 

·  Endoplasmic Reticulum - The endoplasmic reticulum is a network of sacs that 
manufactures, processes, and transports chemical compounds for use inside and 
outside of the cell. It is connected to the double-layered nuclear envelope, providing a 
pipeline between the nucleus and the cytoplasm. 

·  Endosomes and Endocytosis - Endosomes are membrane-bound vesicles, formed via 
a complex family of processes collectively known as endocytosis, and found in the 
cytoplasm of virtually every animal cell. The basic mechanism of endocytosis is the 
reverse of what occurs during exocytosis or cellular secretion. It involves the 
invagination (folding inward) of a cell�s plasma membrane to surround 
macromolecules or other matter diffusing through the extracellular fluid. 

·  Golgi Apparatus - The Golgi apparatus is the distribution and shipping department 
for the cell�s chemical products. It modifies proteins and fats built in the endoplasmic 
reticulum and prepares them for export to the outside of the cell. 

·  Intermediate Filaments - Intermediate filaments are a very broad class of fibrous 
proteins that play an important role as both structural and functional elements of the 
cytoskeleton. Ranging in size from 8 to 12 nanometers, intermediate filaments 
function as tension-bearing elements to help maintain cell shape and rigidity. 

·  Lysosomes - The main function of these microbodies is digestion. Lysosomes break 
down cellular waste products and debris from outside the cell into simple compounds, 
which are transferred to the cytoplasm as new cell-building materials. 

·  Microfilaments - Microfilaments are solid rods made of globular proteins called 
actin. These filaments are primarily structural in function and are an important 
component of the cytoskeleton. 

·  Microtubules - These straight, hollow cylinders are found throughout the cytoplasm 
of all eukaryotic cells (prokaryotes don�t have them) and carry out a variety of 
functions, ranging from transport to structural support. 

·  Mitochondr ia - Mitochondria are oblong shaped organelles that are found in the 
cytoplasm of every eukaryotic cell. In the animal cell, they are the main power 
generators, converting oxygen and nutrients into energy. 

·  Nucleus - The nucleus is a highly specialized organelle that serves as the information 
processing and administrative center of the cell. This organelle has two major 
functions: it stores the cell�s hereditary material, or DNA, and it coordinates the cell�s 
activities, which include growth, intermediary metabolism, protein synthesis, and 
reproduction (cell division). 

·  Peroxisomes - Microbodies are a diverse group of organelles that are found in the 
cytoplasm, roughly spherical and bound by a single membrane. There are several 
types of microbodies but peroxisomes are the most common. 



·  Plasma Membrane - All living cells have a plasma membrane that encloses their 
contents. In prokaryotes, the membrane is the inner layer of protection surrounded by 
a rigid cell wall. Eukaryotic animal cells have only the membrane to contain and 
protect their contents. These membranes also regulate the passage of molecules in and 
out of the cells. 

·  Ribosomes - All living cells contain ribosomes, tiny organelles composed of 
approximately 60 percent RNA and 40 percent protein. In eukaryotes, ribosomes are 
made of four strands of RNA. In prokaryotes, they consist of three strands of RNA. 

In addition the optical and electron microscope, scientists are able to use a number of other 
techniques to probe the mysteries of the animal cell. Cells can be disassembled by chemical 
methods and their individual organelles and macromolecules isolated for study. The process 
of cell fractionation enables the scientist to prepare specific components, the mitochondria 
for example, in large quantities for investigations of their composition and functions. Using 
this approach, cell biologists have been able to assign various functions to specific locations 
within the cell. However, the era of fluorescent proteins has brought microscopy to the 
forefront of biology by enabling scientists to target living cells with highly localized probes 
for studies that don�t interfere with the delicate balance of life processes. 

Plant Cell Structure 

Plants are unique among the eukaryotes, organisms whose cells have membrane-enclosed 
nuclei and organelles, because they can manufacture their own food. Chlorophyll, which gives 
plants their green color, enables them to use sunlight to convert water and carbon dioxide into 
sugars and carbohydrates, chemicals the cell uses for fuel. 

 

Like the fungi, another kingdom of eukaryotes, plant cells have retained the protective cell 
wall structure of their prokaryotic ancestors. The basic plant cell shares a similar construction 
motif with the typical eukaryote cell, but does not have centrioles, lysosomes, intermediate 
filaments, cilia, or flagella, as does the animal cell. Plant cells do, however, have a number of 



other specialized structures, including a rigid cell wall, central vacuole, plasmodesmata, and 
chloroplasts. Although plants (and their typical cells) are non-motile, some species produce 
gametes that do exhibit flagella and are, therefore, able to move about. 

Plants can be broadly categorized into two basic types: vascular and nonvascular. Vascular 
plants are considered to be more advanced than nonvascular plants because they have evolved 
specialized tissues, namely xylem, which is involved in structural support and water 
conduction, and phloem, which functions in food conduction. Consequently, they also 
possess roots, stems, and leaves, representing a higher form of organization that is 
characteristically absent in plants lacking vascular tissues. The nonvascular plants, members 
of the division Bryophyta, are usually no more than an inch or two in height because they do 
not have adequate support, which is provided by vascular tissues to other plants, to grow 
bigger. They also are more dependent on the environment that surrounds them to maintain 
appropriate amounts of moisture and, therefore, tend to inhabit damp, shady areas. 

It is estimated that there are at least 260,000 species of plants in the world today. They range 
in size and complexity from small, nonvascular mosses to giant sequoia trees, the largest 
living organisms, growing as tall as 330 feet (100 meters). Only a tiny percentage of those 
species are directly used by people for food, shelter, fiber, and medicine. Nonetheless, plants 
are the basis for the Earth�s ecosystem and food web, and without them complex animal life 
forms (such as humans) could never have evolved. Indeed, all living organisms are dependent 
either directly or indirectly on the energy produced by photosynthesis, and the byproduct of 
this process, oxygen, is essential to animals. Plants also reduce the amount of carbon dioxide 
present in the atmosphere, hinder soil erosion, and influence water levels and quality. 

Plants exhibit life cycles that involve alternating generations of diploid forms, which contain 
paired chromosome sets in their cell nuclei, and haploid forms, which only possess a single 
set. Generally these two forms of a plant are very dissimilar in appearance. In higher plants, 
the diploid generation, the members of which are known as sporophytes due to their ability to 
produce spores, is usually dominant and more recognizable than the haploid gametophyte 
generation. In Bryophytes, however, the gametophyte form is dominant and physiologically 
necessary to the sporophyte form. 

Animals are required to consume protein in order to obtain nitrogen, but plants are able to 
utilize inorganic forms of the element and, therefore, do not need an outside source of protein. 
Plants do, however, usually require significant amounts of water, which is needed for the 
photosynthetic process, to maintain cell structure and facilitate growth, and as a means of 
bringing nutrients to plant cells. The amount of nutrients needed by plant species varies 
significantly, but nine elements are generally considered to be necessary in relatively large 
amounts. Termed macroelements, these nutrients include calcium, carbon, hydrogen, 
magnesium, nitrogen, oxygen, phosphorus, potassium, and sulfur. Seven microelements, 
which are required by plants in smaller quantities, have also been identified: boron, chlorine, 
copper, iron, manganese, molybdenum, and zinc. 

Thought to have evolved from the green algae, plants have been around since the early 
Paleozoic era, more than 500 million years ago. The earliest fossil evidence of land plants 
dates to the Ordovician Per iod (505 to 438 million years ago). By the Carboniferous 
Per iod, about 355 million years ago, most of the Earth was covered by forests of primitive 
vascular plants, such as lycopods (scale trees) and gymnosperms (pine trees, ginkgos). 



Angiosperms, the flowering plants, didn�t develop until the end of the Cretaceous Per iod, 
about 65 million years ago—just as the dinosaurs became extinct. 

·  Cell Wall - Like their prokaryotic ancestors, plant cells have a rigid wall surrounding 
the plasma membrane. It is a far more complex structure, however, and serves a 
variety of functions, from protecting the cell to regulating the life cycle of the plant 
organism. 

·  Chloroplasts - The most important characteristic of plants is their ability to 
photosynthesize, in effect, to make their own food by converting light energy into 
chemical energy. This process is carried out in specialized organelles called 
chloroplasts. 

·  Endoplasmic Reticulum - The endoplasmic reticulum is a network of sacs that 
manufactures, processes, and transports chemical compounds for use inside and 
outside of the cell. It is connected to the double-layered nuclear envelope, providing a 
pipeline between the nucleus and the cytoplasm. In plants, the endoplasmic reticulum 
also connects between cells via the plasmodesmata. 

·  Golgi Apparatus - The Golgi apparatus is the distribution and shipping department 
for the cell�s chemical products. It modifies proteins and fats built in the endoplasmic 
reticulum and prepares them for export as outside of the cell. 

·  Microfilaments - Microfilaments are solid rods made of globular proteins called 
actin. These filaments are primarily structural in function and are an important 
component of the cytoskeleton. 

·  Microtubules - These straight, hollow cylinders are found throughout the cytoplasm 
of all eukaryotic cells (prokaryotes don�t have them) and carry out a variety of 
functions, ranging from transport to structural support. 

·  Mitochondr ia - Mitochondria are oblong shaped organelles found in the cytoplasm of 
all eukaryotic cells. In plant cells, they break down carbohydrate and sugar molecules 
to provide energy, particularly when light isn�t available for the chloroplasts to 
produce energy. 

·  Nucleus - The nucleus is a highly specialized organelle that serves as the information 
processing and administrative center of the cell. This organelle has two major 
functions: it stores the cell�s hereditary material, or DNA, and it coordinates the cell�s 
activities, which include growth, intermediary metabolism, protein synthesis, and 
reproduction (cell division). 

·  Peroxisomes - Microbodies are a diverse group of organelles that are found in the 
cytoplasm, roughly spherical and bound by a single membrane. There are several 
types of microbodies but peroxisomes are the most common. 

·  Plasmodesmata - Plasmodesmata are small tubes that connect plant cells to each 
other, providing living bridges between cells. 

·  Plasma Membrane - All living cells have a plasma membrane that encloses their 
contents. In prokaryotes and plants, the membrane is the inner layer of protection 
surrounded by a rigid cell wall. These membranes also regulate the passage of 
molecules in and out of the cells. 

·  Ribosomes - All living cells contain ribosomes, tiny organelles composed of 
approximately 60 percent RNA and 40 percent protein. In eukaryotes, ribosomes are 
made of four strands of RNA. In prokaryotes, they consist of three strands of RNA. 

·  Vacuole - Each plant cell has a large, single vacuole that stores compounds, helps in 
plant growth, and plays an important structural role for the plant. 



Leaf Tissue Organization - The plant body is divided into several organs: roots, stems, and 
leaves. The leaves are the primary photosynthetic organs of plants, serving as key sites where 
energy from light is converted into chemical energy. Similar to the other organs of a plant, a 
leaf is comprised of three basic tissue systems, including the dermal, vascular , and ground 
tissue systems. These three motifs are continuous throughout an entire plant, but their 
properties vary significantly based upon the organ type in which they are located. All three 
tissue systems are discussed in this section. 

Bacter ial Cell Structure  

   

  
·  Nucleoid  
·  DNA  
·  Ribosomes  
·  Cell wall  
·  Plasma membrane  

·  Outer  membrane  
·  Capsule  
·  Flagella  
·  Pili  

 

  

 

  

 

Internal Structure: Bacter ia have a very simple internal structure, and no membrane-
bound organelles. 

nucleoid 
DNA in the bacter ial cell is generally confined to this 
central region. Though it isn't bounded by a membrane, it 
is visibly distinct (by transmission microscopy) from the 



rest of the cell inter ior . 

r ibosomes 

Ribosomes give the cytoplasm of bacter ia a granular  
appearance in electron micrographs. Though smaller  than 
the r ibosomes in eukaryotic cells, these inclusions have a 
similar  function in translating the genetic message in 
messenger RNA into the production of peptide sequences 
(proteins). 

storage 
granules 

(not shown) Nutr ients and reserves may be stored in the 
cytoplasm in the form of glycogen, lipids, polyphosphate, 
or  in some cases, sulfur  or  nitrogen. 

 endospore 

 (not shown) Some bacter ia, like Clostr idium botulinum, 
form spores that are highly resistant to drought, high 
temperature and other  environmental hazards. Once the 
hazard is removed, the spore germinates to create a new 
population. 

  

 

  

 

Sur face Structure: Beginning from the outermost structure and moving inward, 
bacter ia have some or  all of the following structures: 

capsule 

This layer  of polysacchar ide (sometimes proteins) 
protects the bacter ial cell and is often associated with 
pathogenic bacter ia because it serves as a barr ier  against 
phagocytosis by white blood cells. 

outer  
membrane 

(not shown) This lipid bilayer  is found in Gram negative 
bacter ia and is the source of lipopolysacchar ide (LPS) in 
these bacter ia. LPS is toxic and turns on the immune 
system of , but not in Gram positive bacter ia. 

cell wall 

Composed of peptidoglycan (polysacchar ides + protein), 
the cell wall maintains the overall shape of a bacter ial cell. 
The three pr imary shapes in bacter ia are coccus 
(spher ical), bacillus (rod-shaped) and spir illum (spiral). 
Mycoplasma are bacter ia that have no cell wall and 
therefore have no definite shape. 

per iplasmic (not shown) This cellular  compartment is found only in 



space those bacter ia that have both an outer  membrane and 
plasma membrane (e.g. Gram negative bacter ia). In the 
space are enzymes and other  proteins that help digest and 
move nutr ients into the cell. 

plasma 
membrane 

This is a lipid bilayer  much like the cytoplasmic (plasma) 
membrane of other  cells. There are numerous proteins 
moving within or  upon this layer  that are pr imar ily 
responsible for  transport of ions, nutr ients and waste 
across the membrane. 

  

 

  

   

 

Appendages: Bacter ia may have the following appendages: 

pili 

These are hollow, hair like structures made of protein allow 
bacter ia to attach to other  cells. A specialized pilus, the sex 
pilus, allows the transfer  from one bacter ial cell to another . 
Pili (sing., pilus) are also called fimbr iae (sing., fimbr ia). 

flagella 

The purpose of flagella (sing., flagellum) is motility. Flagella 
are long appendages which rotate by means of a " motor"  
located just under the cytoplasmic membrane. Bacter ia may 
have one, a few, or  many flagella in different positions on the 
cell. 

 

 

 

 

 

 

 



-cell division and specialization (p.194-195) 

 

-mitosis 

What is (and is not) mitosis?  
Mitosis is nuclear division plus cytokinesis, and produces two identical daughter cells during 
prophase, prometaphase, metaphase, anaphase, and telophase. Interphase is often included in 
discussions of mitosis, but interphase is technically not part of mitosis, but rather 
encompasses stages G1, S, and G2 of the cell cycle.  
Interphase &  mitosis  

Interphase  

 

 
The cell is engaged in metabolic activity and performing its prepare for 
mitosis (the next four phases that lead up to and include nuclear division). 
Chromosomes are not clearly discerned in the nucleus, although a dark 
spot called the nucleolus may be visible. The cell may contain a pair of 
centrioles (or microtubule organizing centers in plants) both of which are 
organizational sites for microtubules.  

Prophase  

 

 
Chromatin in the nucleus begins to condense and becomes visible in the 
light microscope as chromosomes. The nucleolus disappears. Centrioles 
begin moving to opposite ends of the cell and fibers extend from the 
centromeres. Some fibers cross the cell to form the mitotic spindle.  

Prometaphase 

 

 
The nuclear membrane dissolves, marking the beginning of prometaphase. 
Proteins attach to the centromeres creating the kinetochores. Microtubules 
attach at the kinetochores and the chromosomes begin moving.  

Metaphase 

 

 
Spindle fibers align the chromosomes along the middle of the cell nucleus. 
This line is referred to as the metaphase plate. This organization helps to 
ensure that in the next phase, when the chromosomes are separated, each 
new nucleus will receive one copy of each chromosome. 

Anaphase 

 

 
The paired chromosomes separate at the kinetochores and move to 
opposite sides of the cell. Motion results from a combination of 
kinetochore movement along the spindle microtubules and through the 
physical interaction of polar microtubules.  

Telophase   
Chromatids arrive at opposite poles of cell, and new membranes form 
around the daughter nuclei. The chromosomes disperse and are no longer 
visible under the light microscope. The spindle fibers disperse, and 



 

cytokinesis or the partitioning of the cell may also begin during this stage.  

Cytokinesis 

 

 
In animal cells, cytokinesis results when a fiber ring composed of a protein 
called actin around the center of the cell contracts pinching the cell into 
two daughter cells, each with one nucleus. In plant cells, the rigid wall 
requires that a cell plate be synthesized between the two daughter cells 

 



-meiosis 

What is Meiosis 1?  
In Meiosis 1, chromosomes in a diploid cell resegregate, producing four haploid daughter 
cells. It is this step in Meiosis that generates genetic diversity.  
The phases of Meiosis 1 &  2  

Prophase I   

 

 
DNA replication precedes the start of meiosis I. 
During prophase I, homologous chromosomes pair 
and form synapses, a step unique to meiosis. The 
paired chromosomes are called bivalents, and the 
formation of chiasmata caused by genetic 
recombination becomes apparent. Chromosomal 
condensation allows these to be viewed in the 
microscope. Note that the bivalent has two 
chromosomes and four chromatids, with one 
chromosome coming from each parent.  

Prometaphase I   

 

 
The nuclear membrane disappears. One 
kinetochore forms per chromosome rather than one 
per chromatid, and the chromosomes attached to 
spindle fibers begin to move.  

Metaphase I   

 

 
Bivalents, each composed of two chromosomes 
(four chromatids) align at the metaphase plate. The 
orientation is random, with either parental 
homologue on a side. This means that there is a 50-
50 chance for the daughter cells to get either the 
mother�s or father�s homologue for each 
chromosome.  

Anaphase I   

 

 
Chiasmata separate. Chromosomes, each with two 
chromatids, move to separate poles. Each of the 
daughter cells is now haploid (23 chromosomes), 
but each chromosome has two chromatids.  

Telophase I    
Nuclear envelopes may reform, or the cell may 
quickly start meiosis 2.  



 
Cytokinesis  

 

 
Analogous to mitosis where two complete daughter 
cells form.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Study this diagram of the human skeleton, and make sure you know the names and 
positions of the principle bones.  

 

The skeleton is a rigid frame. Muscles are attached to this frame. Muscle is an elastic 
tissue with a rich blood supply and nerves.  

 

Structure of the skeleton and types of body joint 

The skeleton is made of bone. It is a mixture of soft living material and hard mineral 
(calcium) salts with a blood supply. The skeleton contains more than 200 bones, 
which support and protect your body.  

Joints are points in the body where two bones meet. The table below shows 
examples of the main different types of joint. 

Type of joint Example 

Immovable Skull 

slightly movable 
(gliding) 

Vertebrae of the spine, wrist bones 

freely movable Ball and socket - shoulder or hip (360°) Hinge - elbow or 
knee (180° 

Joints can be affected by bone disease, swelling and wearing away of cartilage that 
lubricates bone at its contact surfaces. Such a disease is arthritis. 

 


