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Chapter 1  

Basics about sub atomic particle + I and C bonding. Polar and non-polar C bonding. IM forces (H, Van der 

waal, dipole-dipole) 

 

Hydrophobic water “hating”, repelled by water. 

Hydrophilic water “loving”. 

 

Polar substances will dissolve in water and non-polar will not dissolve in water. E.g. lipids are 

hydrophobic and non-polar so will not dissolve in water. 

 

Water 

High specific heat, high heat of vaporization, high adhesion properties, universal solvent, strong 

cohesion tension, Ice is less dense then water. 

 

pH  

As conc oh H⁺ increases, pH 

decreases 

 

 

 

 

 

Organic compounds 

Carbohydrates 

 Supply energy quickly, 1g = 4 calories of heat when burned. 

 Made of C,H and O 

 Rice, pasta, bread, cookies 

 

Monosaccharides 

 Same chemical formula C₆H₁₂O₆, different isomers (glucose, fructose, galactose) 

 Isomers have different structures so different chemical properties. 

Disaccharides 

 Same chemical formula C₁₂H₂₂O₁₁, 2 monosacs joint by dehydration reaction. 

 Hydrolysis, addition of water, to reverse dehydration and make 2 monosacs 

Polysaccharides 

 Polymers of carbohydrates (many monosacs joined by dehydration) 

Found in plants Cellulose Starch 

Makes up plant walls Store of carbohydrate 

Found in animals Chitin Glycogen 

Makes exoskeleton in arthropods 
Cell walls in mushrooms 

“Animal starch” 
Stored in liver and skeletal muscle 
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Lipids 

 Fats, oil, waxes.  

 Structurally most are 1 glycerol and 3 fatty acids 

chain 

 Energy storage (1g = 9 calories of heat), Endocrine 

(hormones), Structural (phospholipids) 

 

 

Fatty acids are 2 types 

Saturated mostly come from animals. Solid a room temp. Only single bonds between C atoms 

Unsaturated extracted from plants. Liquid at room temp.  At least one = between C atoms. 

 

 

 

 

Proteins 

 Are polymers/polypeptides, made of repeating amino acids joined by peptide bonds. 

 AA consist of carboxyl group, amine and a variable (R) group attached to central C atom. 

 Fish, poultry, meat, certain plants (beans, legumes) 

 20 AA can build 1000s of different proteins 

 1g = 4 calories of heat when burned 

 

Structures 

Primary  sequence of amino acids making a protein (polypeptide) chain. 

Secondary H bonding within molecule. Helical shape (maybe) 

Tertiary  3D shape of protein, determines how it functions.  

Quaternary proteins made of more than one polypeptide chain. 

 

Enzymes 

 Large proteins 

 Speed by reactions (biological catalyst), works on specific substrates. 

Induced-fit model 

 Enzymes aren’t degraded or used up. Named after their substrate, ends in “ase” 

 Function with assistance from cofactors (minerals) and coenzymes (vitamins) 

 pH, temperature affects efficiency of enzymes. 

 They can denature of conditions are extreme, not work as fast if temp and pH aren’t optimum. 

Prions 

Infectious proteins that cause disease (brain disease, mad cow disease) 

Misfolded version of protein found in the brains of mammals. 

If prions get into the brain, cause normal proteins to misfold that way. 
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Nucleic Acids 

Are DNA (deoxyribonucleic acid) and RNA (ribonucleic acid). Carry hereditary info. 

 Polymers of nucleotides 

 A single nucleotide is a phosphate, 5 carbon sugar (deoxyribose or ribose) and nitrogenous base. 

 DNA bases = Adenine, Cytosine, Guanine, Thymine. 

 RNA bases = Adenine, Cytosine, Guanine, Uracil 

 Adenine and Guanine are Purines 

 Cytosine and Thymine / Uracil are Pyrimidines 

 AT, CG, AU. 
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Chapter 2  

Cell theory 

 All living things are composed of cells 

 Cells are basic unit of all organisms 

 All cells arrive from pre-existing cells. 

 

Prokaryotes Eukaryotes 

No membrane-bound organelles like nucleus Distinct membrane-bound organelles like nucleus, 
mitochondria 

Single, circular chromosome Linear, 46 chromosomes in nucleus 

Contains plasmids No plasmids 

Ribosomes are small Ribosomes are larger 

Reparation either aerobic or anaerobic Respiration mostly aerobic 

Microfilaments (cytoskeletal) are not there  Have Microfilaments and microtubules 

Mostly unicellular Some are single celled, many are multicellular. 

Very small 1-10um Larger 10-100um 

Tough external cell walls Plants & Protists have cell wall, rest just membrane. 

 

Cells structures have many things in common but are unique to fit their function. 

 

 

Plant and Animal cells 

Nucleus   Chromosomes (DNA) chromatin network. Permeable double membrane for RNA 

 

Nucleolus  Inside nucleus, components of ribosomes made here. 

 

Ribosomes  Site of protein synthesis, suspended freely in cytoplasm or bound to ER 

 

Endoplasmic  System of membranes, Rough on smooth ER. Rough is studded with ribosomes,  

Reticulum (ER) site of protein synthesis. Smooth ER syntheses steroid hormones, lipids, 

connects rough ER to Golgi, detoxifies cell and glycogen (carb) metabolism. 

 

Golgi Apparatus Flattened sacs of membrane stacked, vesicles. Modify, store, package things 

made at rough ER. Secrets to other parts of cells. 

 

Lysosome Sac of hydrolytic enzymes. Intracellular digestion, cell uses this to continually 

renew itself (apoptosis). Not in plants. 

 

Mitochondria Cellular respiration. Double membrane, inner folded membrane called cristae. 

 

Vacuole Vacuoles, single membrane-bound structure.  

 

Vesicle  Vesicles are tiny, found in many places in cells. 
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Plastids Double membrane found only in plants and algae. 3 types. 

1. Chloroplasts, green contain chlorophyll. Sites of photosynthesis. Inner 

membrane called grana. 

2. Leucoplasts, colourless and store starch.  

3. Chromoplasts, are carotenoid pigments.  

 

Cytoskeleton Protein filaments, extend throughout cytoplasm. Gives shape, enables it to 

move. 2 types 

1. Microtubules, thick hollow tubes, make up cilia, flagella, and spindle fibres.  

2. Microfilaments, made of actin (protein). Enable skeletal muscles to contract, 

amoeba to move sending out pseudopods, cleavage furrow during cell 

division. 

 

Centrioles and Centrosomes 

 Lie outside nuclear membrane, organize spindle 

fibres required for cell division.  

 Only animal cells.  

 2 centrioles at right angle = centrosome. 

 

Cilia and Flagella 

Same internal; structure, both made of microtubules. 

Difference in length, cilia short. 

 

Cytoplasm and cytosol 

Region between nucleus and membrane is cytoplasm. Cytosol is semiliquid portion in cytoplasm.  

In eukaryotic, organelles are suspended in cytosol, carried around cell as cytoplasm cycles (cyclosis) 

 

Cell or Plasma membrane 

Selectively permeable membrane, that controls what enters and leaves. Fluid mosaic model, small 

particles able to move to control what enters and leaves. Plasma membrane consists of phospholipid 

bilayer, with proteins dispersed throughout. Also contains cholesterol, making it more stable. 

 

Proteins in membrane provide range of functions, ATP synthase act like an enzyme, transporting ions in 

and out of cell. 

 

Animal Cells      Plant Cells 

Centrioles and centrosomes    No centrioles or centrosomes 

No chloroplasts and other plastids   Chloroplasts and other plastids 

Small vacuoles      Large central vacuoles 

Plasma membrane only     Cell walls in addition to plasma membrane 

Lysosomes      No lysosomes 
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Transport into and out the cell 

Hypertonic  greater conc of solute than another solution 

Hypotonic lower conc of solute than another solution 

Isotonic  2 solutions containing equal conc of solute 

 

Passive transport. 

Movement of molecules down their conc gradient. Does not require energy. 

 

Simple diffusion movement from higher conc to lower conc. Stepper the gradient, the faster the 

rate of diffusion.  

Facilitated diffusion relies on protein membrane channels, assist transporting specific substances 

across membrane. 

Osmosis diffusion of water across a membrane. Region of high to low, diffuses towards a 

hypertonic area. Animal cells can burst or become plasmolysis from osmosis. 

Plant cell with their cell wall, just become turgid. 

 

Active Transport 

Movement of molecules, against gradient, requires energy (from ATP). Examples are  

 

Exocytosis active release of molecules from a cell 

Pinocytosis uptake of large, dissolved molecules 

Contractile vacuole organism pumps out excess water that diffuses inwards. 

Phagocytosis engulfing large particles/small organisms (by pseudopods) 

Receptor Enabled enables cell to take large quantities of very specific substances 

Endocytosis 

Na-K pumps carries ions across membrane against their gradient. 

 

Life functions  

Ingestion  Regulation   Reproduction 

Digestion  Synthesis   Irritability 

Respiration  Excretion   Locomotion 

Transport  Egestion   Metabolism 

 

Microscopes 

I. Compound microscope.  

II. Need good resolution and magnification. 

III. To work out total magnification, eye piece (ocular lens) mag x objective lens mag. 

 

Phase-contrast microscope light microscope, enhances contrast, useful for unstained cells. 

Electron microscope  beam of electron, 100,000x magnification and great resolution. 

Transmission electron m… TEM, studying interior cells. Electrons from tungsten filament within a 

vacuum. Drawbacks are, tissue dies after processing, preparation is 

hard, delicate machine (requires engineers), specimens must be sliced, 

cost is $100k + 
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Scanning electron microscope studying surface cell structures. 3D images, also kills tissue. 

 

Specimens observed under EM are not alive 

 

Ultracentrifuge can be used to isolate in large quantities, specific components of the cell (cell 

fractionation) 

Freeze fracture complex technique, study details of membrane structure under electron 

microscope. 

Tissue culture study properties of specific cells in vitro (in the lab). Living cells seeded onto 

sterile culture, grown using nutrients. Cells can be grown over years, examined 

under phase contrast light microscope. 
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Chapter 3 

2 types of cell division, mitosis and meiosis.  

Mitosis for growth and body cell repair, produces genetically identical daughter cells, therefore cell is 

diploid (2n) 

Meiosis occurs only in sexually reproducing 

organisms, makes gametes with half the number of 

chromosomes number of parent cell, therefore cell 

is haploid (n) 

 

Chromosome  highly coiled and condensed strand of DNA 

2 Sister chromatids replicated chromosome 

Centromere  specialized region, holds 2SC together. 

Spindle fibres  connect the centromere to the centrosome during cell division. 

 

Cell cycle 

Interphase 90% of cells life is spent in this phase. Chromosomes replicate in preparation. 1 

or more nucleoli becomes visible within the nucleus. (G1, S, G2) 

 

Mitosis (PMAT) Prophase     Metaphase    

  

 

 

 

  Anaphase     Telophase 

 

 

Cytokinesis 

 In animal cells, cleavage furrow forms down middle of cells, cytoplasm separate 

leaving 2 daughter cells. 

 In plant cells, a cell plate forms down middle, cells do not separate. Instead 

middle lamella cements the adjacent cells together. 

 

 

 

 

 

 

I. Chromosomes condense, visible 

II. Nucleoli disappears 

III. Spindle fibres begin to form in cytoplasm 

IV. Centrioles being to migrate to the poles 

V. Nuclear membrane disintegrates. 

I. Chromosomes lines up at the equator 

II. Centrosomes at opposite end of cells 

III. Spindle run from centrosome to 

centromere. 

I. Centrosomes separate, spindle fibres 

pull sister chromosomes apart. 

I. Chromosomes cluster at opposite side of 

cells, unravel. 

II. Nuclear membrane reforms 
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Meiosis  

Meiosis I 

1. Reduction division 

2. Synapsis and crossing over occur. 

 Synapsis, chromosomes pair up precisely with their homologue 

 Crossing over, homologous chromatids exchange genetic material (causes variety) 

3. Homologous chromosome separate 

4. Chromosomes line up at equator randomly and separate independently (1 pair doesn’t affect 

another) 

5. Each gamete is genetically unique 

 

Meiosis II 

1. Similar to mitosis (no special name) 

2. Sister chromatids separate 

3. Division maintain haploid number of chromosomes 

4. This phase produces 4 genetically identical gametes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

Meiosis I 

Homologous pairs separate 

Meiosis II 

Sister chromatids separate 
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Chapter 4 

Cell respiration, series of oxidative reactions which gradually release energy from glucose and transfer it 

to molecules of ATP. Energy from ATP is immediately available for cellular activities. 

Aerobic respiration of 1 molecules of glucose; C₆H₁₂O₆+ 6O₂ → 6CO₂ + 6H₂O + energy 

 

ATP (Adenosine triphosphate) 

 High energy molecule, stores energy for immediate use. Made of adenosine (adenine + ribose) 

and 3 phosphates. 

 Removal of 1 phosphate group from ATP results in the formation of more stable and less energy 

molecule, ADP. Energy is released when ATP  ADP, and absorbed the other way round. 

 

Mitochondrion 

 2 membranes, inner cristae is folded, and divides the mitochondria into 2 compartments, 

Outer compartment and matrix. 

 Krebs cycle takes place in the matrix, electron transport chain takes place in the cristae 

membrane. 

 

Anaerobic respiration 

Glycolysis followed by alcohol fermentation 

or lactic fermentation. 

 

Alcohol fermentation  pyruvic acid/pyruvate from glycolysis  ethyl alcohol and CO₂ 

Lactic acid fermentation pyruvic acid from glycolysis  lactic acid. Happens during strenuous 

exercise, lactic acid build up in muscles, causing fatigue. Increased blood 

flow will restore proper O₂ levels, muscle tissue reverts back to aerobic 

respiration and pyruvic acid is carried to the liver. 

 

Aerobic respiration 

3 processes; Glycolysis, Krebs cycle and Electron transport chain 

 

Glycolysis 

- In cytoplasm, multistep process, each step different enzyme. 

- 2 ATP needed to begin reaction 

- Glycolysis releases 4 ATP (net gain of 2) 

- Overall 1 Glucose + 2 ATP → 2 Pyruvate + 4 ATP + 2 NADH 

 

Krebs cycle 

- Pyruvic acid (glycolysis) + Coenzyme A (Vitamin A)  Acetyl CoA 

- Acetyl CoA enters Krebs cycle (in matrix of mitochondria) 

- Each cycle produces ATP, FADH₂, 3 NADH and CO₂ which is exhaled. 

o NADH and FADH₂ are coenzymes that shuttle protons and electrons from glycolysis to 

Krebs cycle. 

o NAD+ and FAD+ are their reduced forms. 
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Electron transport chain (ETC) 

Creates gradient across cristae membrane, which is used to make ATP through chemiosmosis / oxidative 

phosphorylation. Most ATP for aerobic respiration made here. 

Part 1 – Proton Gradient 

- NADH and FADH₂ carry high energy electrons from Krebs cycle and glycolysis to ETC. 

- As they move along ETC, energy is released which pumps H⁺ across the cristae, making proton 

gradient. The gradient is potential energy. 

Part 2 – Chemiosmosis  

Uses stored potential energy to convert ADP to ATP. Chemiosmosis/Oxidative phosphorylation is just a 

mechanism to make ATP, it uses ATP synthase (proton channel, spins) and attaches P to ADP. 

O is the final proton and electron acceptor in ETC, forms water. 

 

- ETC is collection of carrier molecules embedded in cristae membrane of mitochondria. 1000s to 

ETC in every mitochondria 

- ETC carries electrons, through redox reactions. 

- Water is waste product of electrons and proton combing in ETC. 

- ½ O₂ + O₂  H₂O 

- Protons can only go through ATP synthase channels (to pass through cristae membrane) 

 

Overall 

Glucose → NAD and FAD → Electron transport chain (chemiosmosis) → ATP 
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Chapter 5 

Photosynthesis, process where light energy is used to make glucose. 

        Overall process is a reduction reaction. 

 

Autotrophs - organisms that make their own food. 

Structure of chloroplast 

 Double membrane  

 It contains grana (made of layers of thylakoids) where light-dependant reactions occur  

 Stroma where light-independent reaction occurs (Calvin cycle) 

 

Light and Photosynthetic Pigments 

Photosynthetic pigments absorb light energy, for photosynthesis. Pigments are substances that 

absorb light in visible spectrum.  

Chlorophyll a (green) participate directly in light reactions. 

Other pigments (accessory pigments = chlorophyll b [green], 

carotenoids [yellow/orange/red] and phycobilins [red].) assist; capture 

and pass photons to chlorophyll a. 

 

Light-dependant reaction 

Takes places in grana, thylakoids using photosystems (ca, b, accessory pigments), lot of ATP produced. 

1. As chlorophyll in grana absorb light, electrons become energised into Electron transfer chain 

(ETC). 

2. Energy from these electrons used for proton pumps across thylakoid membrane, proton 

gradient made. 

3. The potential energy from this gradient is converted to ATP using ATP Synthase. 

 

light → chlorophyll → energized electrons → ETC → proton gradient → ATP synthase → ATP 

 

Water is broken down in photolysis, into protons, electrons and oxygen. 

1. Electrons replace those lost by chlorphull in LD reaction 

2. Protons pass through ATP Synthase, for LID reaction 

3. Oxygen is released into atmosphere as a waste product 

 

Light-independent reaction 

Takes place in stroma, produces sugar (PGAL). CO₂ + H+ (protons) + electrons → PGAL 

 Carbon fixation occurs in Calvin cycle (turning CO₂ to sugar). Lots of ATP needed to keep process 

going. 

 PGAL, phosphoglyceraldehyde, a 3-carbon sugar C(H2O)n, is produced. 

 Rubisco (important enzyme) required for Calvin cycle. 
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Structure of the leaf 

I. Palisade layer, tightly packed cells that contain chloroplasts. [Most photosynthesis] 

II. Spongy mesophyll, contain chloroplasts, less tight, airspaces (allow O₂, CO₂ and H₂0 exchange). 

[Some photosynthesis] 

III. Epidermis layer, protects underlying cells, allow light to pass into leaf. 

IV. Cutin (waxy cuticle), waterproof layer above epidermis. 

V. Guard cells, open/closes stomata, allow gas exchange / minimize water loss. 

 

C-4 Photosynthesis 

 Modification for dry environments. C-4 plants have modified anatomy / biochem pathways to 

allow minimal water loss, maximum sugar production.  

 Allow C-4 plants to survive in hot sunny climates where other plants wont. 
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Chapter 6 

Phenotype what the organism looks like 

Genotype types of genes 

 

Basics of Probability 

50% = 1/2  

If it’s in a row you multiply it so ½ x ½ x ½ = 1/8 

 

Law of dominance 

2 homozygous organisms, traits are crossed, offspring will be hybrid and show dominant alleles. Other 

allele is the recessive trait. 

 

Law of segregation 

During formation of gametes, 2 traits carried by each parent separate.  

E.g Tt, 1 gamete takes T, and other takes t. 

 

Monohybrid cross 

Monohybrid cross is a mating between two individuals with different alleles.  

 

Backcross or Testcross 

Determine if organism is showing homozygous dominant BB, or heterozygous (Bb) 

- To determine, if its BB, or Bb, its tested with bb. 

o If its BB, then all offsprings will have the dominant trait 

o If its Bb, only ½ will have dominant trait 

 

Law of independent assortment 

When cross is carried out, between 2 individuals that are hybrids for 2 traits on separate chromosomes. 

(E.g. T on one chromosome, t on another). 

During gamete, the genes for 1 trait is not inherited along with genes for another. 

E.g. Tt + Yy TY and ty OR Ty and tY. (T will be separated from t and Y from y). 

 

 

 

 

 

 

The phenotype ratio from a dihybrid cross is 9:3:3:1. As probabilities shown as this 

F2: 9/16 tall yellow 3/16 tall green 3/16 short yellow 1/16 short green. 
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Incomplete dominance 

E.g. WW is crossed with RR making RW. 

Since neither trait is dominant, White tiger (WW) crossed with Red tiger (RR) makes pink tiger (RW). 

 

Codominance 

Both traits show. 

 

Multiple Alleles 

Most have 2 alleles. E.g. T for tall, t for short.  

Some have more (multiple alleles) e.g. 4 blood groups. (i = O) 

 

 

 

 

 

 

 

Polygenic Inheritance 

Many characteristics like skin, hair colour result from blending several separate genes that vary along a 

continuum, controlled by genes called Polygenic. 

 

E.g. 2 parents who are short carry more genes for shortness than for tallness. However, they can have a 

child who inherits mostly genes for tallness from both parents and who will be taller than his/her 

parents. 

 

Sex-linked genes 

 Traits on X chromosome are called sex-linked. Women have XX, Men XY. 

 If there is a recessive mutated gene on X, women need 2 for it to express its phenotype, 

whereas men need 1. If women have 1, they become a carrier. 

 Sons cannot inherit sex-linked trait from father as he only inherits Y chromosome from him. 

 Sons have 50% chance of inheriting sex-linked trait from carrier mother. 

 Women unlikely to have sex linked trait as they need 2, from mother and father X chromosome. 

 

Genes and the environment 

Environment can alter expression of genes, ie temperature. 

 

Sex-influenced inheritance 

Some traits are influenced by individual’s sex.  

E.g. Baldness. BB = M+F, Bb = Just men, bb = both not bald. 
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Karyotype 

 Lab procedure that analyses size, shape and number of chromosomes. 

 Prepare and photograph chromosomes during metaphase.       

 

The Pedigree 

A family tree which indicates the phenotype one trait being studied for every member of the family.      

Use this to determine how a specific trait is inherited. 

Females represented by circles, males by square. Sometimes carrier not shown, ½ filled is carrier, fully 

filled is someone who exhibits that trait. 

 

Mutations 

Any abnormality in the genome. 

Occur in body cells (somatic), responsible for cancer. 

Gene mutations   caused by change in the DNA sequence.  

Chromosome mutations chromosome may sustain deletion or addition, or have an entirely extra 

chromosome. Can be observed under light microscope. 

 

Nondisjunction 

Error sometimes occurs during meiosis. Homologous chromosomes fail to separate as they should. 

One gamete will receive 2 homologous chromosomes and the other will get none. 

Aneuploidy   any abnormal chromosome condition 

Trisomy   chromosome is present in triplicate 

Polypoid   has more than 3 sets of chromosomes 

 

Human inherited disorders 

Caused by gene or chromosome mutation. 

- Deletion, fragment lacing centromere, lost during cell division 

- Inversion, chromosomal fragment, reattaches to original chromosome but in reverse 

orientation. 

- Translocation, fragment of chromosome becomes attached to non-homologous chromosome. 

- Polyploidy, cell/organism has extra sets of chromosomes. 

- Nondisjunction, homologous chromosomes fail to separate during meiosis. 
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Chapter 7 

Griffith (1927) Bacterial transformation.  

Avery. Macleod and McCarty (1944) Evidence DNA is the genetic material 

Hershey and Chase (1952) DNA, not protein, is the molecule of inheritance. 

Rosalind Franklin (1950-53) Continued work, x-ray crystallography analysis of DNA, 
which showed DNA to be a helix. 

Watson and Crick Nobel prize, correctly describing DNA as double helix. 

Meselson and Sthal Proved DNA replicates in a semiconservative fashion. 

 

Structure of DNA (Deoxyribonucleic acid) 

 Double helix, 2 complementary strands in opposite directions. 

 Polymer made of nucleotides (4 bases, ATCG) 

 Nucleotide of opposite chains are paired by H bonds 

 

DNA replication in eukaryotes. 

Semiconservative replication The 2 new DNA from the original contain 1 new strand and 1 original. 

 Replication occurs during interphase 

 DNA polymerase catalyses the replication of DNA, proof reads each new strand to fix errors and 

minimize mutations. 

 DNA unzips, H bonds break. Each strand servers as a template. Base pairing occurs A-T, C-G. 

 Each time DNA replicates, some nucleotides from the ends of chromosomes are lost. To 

overcome this, ends of chromosomes are long chain of special nonsense sequences repeating 

1000s of times. 

 

Structure of RNA (Ribonucleic acid) 

 Single stranded, polymer (nucleotides). 

 AUGC 

 3 Types 

I. Messenger RNA (mRNA) –  carries messages directly from DNA in nucleus to 

cytoplasm during synthesis of proteins. Has codons (triplet like UUU/ACC) 

 

II. Transfer RNA (tRNA) – Shaped like cloverleaf, carries amino acids to mRNA at ribosome 

to make polypeptides (proteins). Has anticodons (complementary to codons) 

 

III. Ribosomal RNA (rRNA) – structural, makes up part of ribosomes. 

 

Protein synthesis 

Transcription  Process where DNA makes RNA, facilitated by RNA polymerase. 

   Occurs in nucleus. 

   Triplet code in DNA is transcribed into a codon sequence in mRNA. 

 

RNA Processing  newly formed strand of RNA leaves nucleus to ribosome.  

   Processed / edited by series of enzymes. Remove non coding parts (introns) 
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   Remaining (exons) make final transcript.  

Translation of mRNA into protein 

mRNA sequence is converted to amino acids. 

1) Translation occurs at ribosome 

2) tRNA molecules bring AA present in cytoplasm to codon of 

mRNA 

3) some tRNA molecules can bind to more than 1 codon (UUU, 

UCU, UCC etc) which all code for 1 amino acid, serine. 

 

 

 

 

 

 

 

 

Gene regulation 

Cells are not always producing every polypeptide they have the ability to make. They are regulated. 

In bacteria, operon is a region that has functional genes and switches to turn them on or off. 

2 types of operon Lac / inducible (usually turned off unless triggered)  

   Repressible operon (turned on, unless actively turned off) 

Other parts of operon  

Promoter, binding site of RNA polymerase. It is an on off switch as RNA P must 

always bind to DNA for transcription to take place 

Operator, binding site for repressor, which turns off the Lac operon. 

TATA Box, helps RNA P bind to promoter 

 

Mutations 

Changes in genetic material. Occur spontaneously and randomly. Can be caused by mutagenic agents 

(toxic chemicals, radiation). Mutations are the raw material of natural selection. 

 

Gene mutations 

Point mutations base-pair substitution, one nucleotide converts to another. Sickle cell anaemia is 

caused by this. Sometimes can also cause beneficial change or no change 

 

Insertion or Deletion single nucleotide is inserted or deleted. Both mutations result in Frameshift as 

reading frame is altered. Depending on where it occurs, it can alter the 

polypeptide or create none at all. 

 

Chromosome mutations alterations in chromosome numbers or structure. Aneuploidy used for 

abnormal number of chromosomes.  
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Human Genome human genome (genetic material), 20k genes, 97% “junk” DNA. 

Genetic engineering and recombinant DNA 

Recombinant DNA Taking DNA from 2 sources and combing into 1 cell. Used for genetic 

engineering and biotechnology.  

 Genetic engineering includes gene therapy and environmental clean-up. 

 Scientist trying to insert functioning genes into human cell to replace non-functioning to end 

diseases like sickle cell and cystic fibrosis. 

 GMO, adding genes to produces like fish for desirable characteristics. Cause for concern. 

 

Restriction Enzymes 

Cut DNA at specific recognition sequences / sites. Create restriction fragments. 

 

Gel electrophoresis 

 Separates large molecules of DNA, using their rate of movement through an agarose gel in an 

electric field. 

 Smaller the molecule the faster it runs through the gel. 

 To setup, first cut DNA with restriction enzymes into small pieces. 

 

Polymerase chain reaction 

PCR is a cell-free automated technique, piece of DNA can be rapidly copied (billions of copies of a 

fragment of DNA can be made in a few hours) then studied. 
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Chapter 10 

Plants are all multi-celled, eukaryotic, photosynthetic autotrophs. 

 

Classification of plants 

Bryophytes  Primitive plants that lack vascular tissue. 

Must live in moist environment, have no roots or xylem. Absorb water by 

diffusion. 

Tiny, lack lignin fortified tissue. 

Example = mosses 

 

Tracheophytes  Have transport vessels, xylem and phloem 

   Include ancient seedless plants, ferns (spores) and modern plants (seed) 

   Seeds ones further divide into  

Gymnosperms – conifers, modifications to survive dry conditions e.g. needle 

shaped leaves, thick waxy cuticle and stomates in stomatal crypts. 

Angiosperms – anthophyta, flowering plants e.g. roses, fruits, grass. These 

subdivide into monocotyledons and dicotyledons. 

 

 

 

 

 

 

 

Evolutionary developments that enabled plants to move to land 

Seas  land (as competition increased). Modifications were needed to enable them to live on land. 

 Cell walls made of cellulose support plant 

 Root and root hairs absorb water and nutrients 

 Stomates open, exchange gas (photosyn), close to stop water loss 

 Waxy (cutin) coating, prevents water loss from leaves.  

 Sporopollenin, tough polymer, protects plants (in spores and pollen) 

 Seeds and pollen have protective coat 

 

How plants grow 

Primary growth  Vertical, apical meristem (buds of shoots and tips of roots) make new cells. 

Root growth conc near the tip, 3 zones of cells. Zone of cell division (meristems), 

Zone of elongation and Zone of differentiation (cells specialize). 

Secondary growth Horizontal (lateral/girth). Lateral meristems, new cells. 
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Roots 

Epidermis covers entire surface of the root, modified for absorption. Have root hairs, increase SA. 

Cortex  storage, parenchyma cells (containing plastids for storage of starch and other) 

Stele  transport, vascular cylinder, made of xylem and phloem by 1 + layers of pericycle. 

Endoderm vascular cylinder surrounded by tightly packed endodermis. Endoderm cell wrapped 

with Casparian strip (waxy material). Endoderm selects what minerals enter vascular 

cylinder. 

 

Absorption of nutrients and water 

Apoplast and Symplast 

 Lateral movement of water/solutes across plants.  

 Symplast is continuous system of cytoplasm, interconnected by plasmodesmata.  

 Apoplast, network of cell walls & intercellular spaces that allow extracellular movement of 

water. 

 

Mycorrhizae 

 Mature plants lack root hairs, mycorrhizae supply water & minerals.  

 Symbiotic structures, roots mixed with hyphae (filaments) of fungus. 

 

Rhizobium  

 Symbiotic bacterium, lives in nodules on roots of specific legumes. Fixes nitrogen gas. 

 

Types of roots 

1. Taproot is single large root, primary in many dicots. 

2. Fibrous roots, common in monocots, hold plant firmly in place. 

3. Adventitious roots, arise above ground. Ariel roots, trees in swamps have roots that stick up. 

Prop roots, tall plants have to support the plant. 

 

Stems 

Support plants and leaves, transport water & minerals from roots to rest of the plant. 

Structure Vascular tissue, called vascular bundles. Bundle = xylem on the inside. Phloem on the 

outside, meristem in between.  
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Leaf 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Stomates 

Exchange gasses, CO2 and O2 for photosynthesis, reduce water loss through transpiration. Keep them 

open long enough for photosynthesis but not long that they lose water. 

Guard cells 

Control opening and closing of the stomates in response to water pressure. Absorb water, become 

turgid and open. 

 

Types of plant tissue 

Dermal tissue  outer protective covering of plants. Usually single layer of epidermal cells. 

   Some leaves have waxy (cutin), trichrome (spikes). 

Vascular tissue  Xylem / Phloem. Transport water & nutrients.  

Xylem consists of tracheid and vessel elements. 

Phloem consists of sieve tube elements and companion cells. 
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Ground tissue  makes up rest of plant. 3 cell types 

Parenchyma cells – primary cell wall (thin/flexible) and secondary cell wall. 

Cytoplasm contains 1 / 2 large vacuoles. Support plant when turgid. Found in all 

parts of the plant 

Collenchyma cells – unevenly thick primary walls, no secondary. 

Sclerenchyma cells – Very thick primary and secondary cell walls (fortified with 

lignin). Purely for support of plant. 

 

Transport in plants 

Xylem carries water & nutrients from soil up to tallest leaves. Pulled up by cohesion 

tension and transpirational pull (each mole of H₂O that evaporates, another is 

drawn in at root to replace it) 

 High humidity, slows down and closing stomates stops transpiration. 

 Increased wind, light intensity increases transpiration. 

Phloem carry sugar from photosynthetic leaves to rest of plant (translocation). Sugar 

stored in roots, this process requires energy. 
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Chapter 11 

Are eukaryotes, heterotrophs and acquire nutrients by ingestion. 

 

Movement and Locomotion 

 Characteristic of animals. Some don’t move (sessile). 

 Some animals have exoskeleton (chitin, polysaccharide), does not grow with animal, shed 

periodically. 

 Animals like worms have hydrostatic skeleton (closed compartment filled with fluid). Muscles 

can change its shape, enabling movement. 

 Humans have endoskeleton (bones/cartilage) that grows with us. Bones connected via 

ligaments. Bones connect to muscles via tendons. 

 

Body temperature regulation 

Animals can adapt, small ears to minimize heat loss. 

Change behaviour like 

 Snakes go into sun to warm them selves 

 Huddle together to conserve heat 

 Dog pant, sweat through tongue. 

 Humans shiver to keep warm 

 

Ectotherm heated from outside, (cold-blooded). 

Endotherm maintains constant body temp despite external fluctuations. 

 

Excretion 

Ammonia very soluble, highly toxic, excreted generally by water organisms 

 

Urea  not as toxic, excreted by humans and worms, formed from ammonia in liver 

 

Uric acid not soluble, paste like, not very toxic, excreted by insects/reptiles/brids, minimal water 

loss. 
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Hydra – Phylum Cindaria 

Nutirition 

 Digestion in gastrovascualr cavity, openeing in mouth. 2 way digestive tract (food / waste from 

same opening). Cells lining cavity secrete digestive enzymes / lyssosomes for intra & 

extracellular digestion. 

Body plan and symmetry 

 Polyp (jelly fish is medusa). Symetry is primitive and radial. 2 cell layers ecto & endoderm. 2 

layers held together by middle layer (mesogela). No need for circulatory system 

Nervous system 

 Cnidocytes that contain nematocysts (stingers). 

 Response to envirnoment controlled by nerve net, impluses travel in all directions from any site, 

therefore entire animal responds to a single stimulus.  

Reproduction 

 Reproduce sexually and asexually (via budding) 

 

Earthworm – Phylum Annelida 

Nutrition 

 Long straight tube digestive tract, ingests decaying organic matter and soul. Mouth  

esophagus  crop (stored)  gizzard (grinds up food)  intestine (chemical digestion and 

absorption, typhlosole increase SA)  anus 

Nervous and transport systems 

 Gas exchange occurs passively by diffusion through moist skin (external respiratory surface) 

 Heart pumps blood, closed circulatory system. 

 Brain has 2 dorsal (solid and fused ganglia) that connect to ventral nerve cord. 

Excretion 

 Paired nephridia in all body segments to remove waste urea 

Reproduction 

 Hermaphrodite (both male and female sex organs) 

 

Grasshopper – Phylum Arthropoda 

Nutrition 

 Long tube digestive tract with crop and gizzard. Has specialised mouthparts 

(tasting/biting/crushing) gizzard has plates of chitin to grind food. Digestive tract also 

responsible to remove waste like uric acid (Malpighian tubes) 

Nervous and transport systems 

 Nervous similar to earthworm. Heart is tubular (lacks capillaries), open circulatory system (blood 

leaves artery’s and travels through sinuses/hemocoels to spaces around organs. Does not carry 

Hb or O in blood. 

Exchange of respiratory gases 

 Internal respiratory surface, air enters through spiracles  tracheal tubes  hemocoels/sinuses 

(where diffusion occurs) 
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Chapter 12 

Digestion 

2 Main functions, breaking down lathe food molecules and absorbing smaller molecule. 

Fats  glycerol and fatty acids. Starch  Monosaccharides, Protein  Amino acids. Vitamins & 

Minerals can be digested directly. Digestive tract, made is smooth muscle, pushes food along 

(peristalsis). Controlled by autonomic nervous system. 

Mouth 

- Mechanical & chemical digestion begins, salivary amylase for starch digestion. 

- Tongue and teeth break down food mechanically. Teeth types depends on animals diet. 

Esophagus 

- Food transported from throat to stomach, away from windpipe by epiglottis. 

Stomach 

- Mechanical and chemical digestion occur, protein digestion begins. Stomach muscle churns food 

mechanically, secretes HCL & enzymes (pepsin) to digest protein. Rennin aids digestion of milk 

protein. 

- Stomach pH is 2-3 

- Cardiac sphincter keeps acidified from back up into esophagus.  

Small Intestine 

- All digestion is completed (in duodenum), nutrients absorbed. 

- pH is 8, 6m long. Enzymes are Amylase, protease, lipase (fat) and nuclease (nucleic acid). 

- Peptidases continue to break down protein 

- Millions of projections (villi) line and absorb nutrients. Each villus has capillaries, AA, vitamin, 

monosaccharides absorbed directly into blood stream. Also have lacteal, absorbs fatty acids and 

glycerol into lymphatic system. 

Liver 

- Makes bile, emulsifies fats (in small intestines) , pH 11, bile sent to gall bladder to release into 

small intestine where it neutralizes chime (acidified food). 

- Other uses are 

o Breaks down & recycles red blood cells 

o Detoxifies blood 

o Produces cholesterol (for cell membrane) 

o Produces nitrogenous waste (urea) 

Gall bladder 

- Stores bile 

- Body can function well without 

Pancreas 

- Secretes peptidases (protein digesting enzymes) into small intestine 

Large Intestine (colon) 

- No digestion, 3 major functions; Egestion, Vitamin production, Reabsorption of water. 

o Egestion – removal of undigested waste 

o Vitamin production – bacteria in colon produce vitamin B, K and folic acid 

o Reabsorption of H₂O  

 Consitpation – too much water reabsorbed 

 Diarrhea – not enough water absorbed into body 
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Rectum 

Egestion (removal of undigested waste), last 7-8 inches stores faeces. 

 

Gas Exchange 

Air enters through nasal cavity  down trachea  bronchi, bronchioles  alveoli 

Humans have internal respiratory surface. 

Breathing in  Rib cage moves down, diaphragm contracts and moves down, expanding chest cavity. 

  Decreases internal pressure, air is drawn in by negative pressure. 

Medulla in brain sets breathing rhythm by monitoring CO2 levels in blood. Below 7.4 

automatically increases breathing rate. 

Transport of O2 and CO2 

O2 is transported in blood using haemoglobin, makes oxyhaemoglobin. 

CO2 dissolves in blood, carried in plasma as blood-buffering carbonic acid bicarbonate ion system. 

 

Circulation 

  
Blood 

Serval cell types in suspended liquid matrix (plasma).  

Mechanism of blood clottin 
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Components of blood 

 

 

 

 

 

 

 

 

 

 

The heart 

Located beneath sternum, 70 bpm, 5 litres of blood each minute. 

Sinoatrial node (SA) sets timing of the contraction. EKG can detect this. Influenced by hormones, 

nervous system. 

Blood pressure lowest in veins, highest in arteries. 120/80 is normal. 120 (systolic number) when 

ventricles contract, 80 (diastolic number) when heart relaxes. 

Pathway, 

Blood enters Vena Cava  Right atrium  Through Right 

Atrioventricular valve  Right Ventricle  PSL Valve  

Pulmonary artery  … 

Lungs  Pulmonary Vein  Left Atrium  Left AV valve  

Left Ventricle  Aortic SL valve  Aorta  Body  Start. 

Pulmonary artery is only artery carrying deoxygenated, 

Pulmonary vein is only vein carrying oxygenated blood. 

 

 

 

Endocrine System 

Secretes hormones. Hormones produced in ductless (endocrine) glands, travel through blood to specific 

target cells. Can produce short-term or long-term effects. 

Tropic Hormones stimulate other glands to release hormones, have far reaching effect. 

Pheromones in dog urine, carry message between different individual of same species. 
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Hypothalamus 

Located in the brain, link between exocrine and nervous system. 

Acts as part of nervous system in times of stress, send impulses to adrenal glands to make adrenaline. 

Acts as endocrine gland, produces oxytocin & antidiuretic hormone, stores it in posterior pituitary. 

Also contains body thermostat, regulate hunger and thirst. 
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How hormones trigger a response in target cells 

2 types of hormones, steroid and nonsteroidal (polypeptide) hormones. 

Steroid Hormone         Polypeptide hormone 

 

 

  

 

 

 

 

 

Steroid diffuse directly through cell membrane, bind to receptor, and trigger cell response. 

Polypeptide can’t dissolve directly through membrane, bind to receptor on cell surface, triggers 

secondary messenger (c-AMP), and triggers cell response. 

Feedback Mechanisms 

Positive feedback enhanced the existing response.  

Negative feedback changes are reversed and brought back to original. 

 E.g. vasodilation when we get too hot. 

 

Nervous System 

CNS – Brain and spinal cord    C = Central 

PNS – all nerved outside CNS    P = peripheral 

 

Peripheral nervous system 

Sensory - convey info from sensors to nerve ending 

Motor – stimulates voluntary / involuntary muscles, 2 systems 

- Somatic System – Controls voluntary muscles 

- Autonomic System – controls involuntary muscles 

                  Sympathetic 

o Fight / Flight response, Increase heart and breathing rate 

o Converts glycogen to glucose 

o Bronchi dilate (increase gas exchange) 

                  Parasympathetic 

o Calms body, Decreases heart and breathing rate 

o Enhances digestion 

o  
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The Neuron 

Consists of cell body which contains nucleus & other 

organelles. Also has axons and dendrons 

Dendrites are sensory, receive messages and pass to 

cell body 

Axons transmit impulses from cell body to another 

cell. 

 

 

 

 

Reflex arc 

Simplest nerve response, automatic and protective. Sensory neurone  motor neurone 

More complex refelex arc consists of 3 neurones, sensory, interneuron and motor neurone.  

Sensory  interneuron (in spinal cord)  motor neurone 

  
How neurone functions 

All cells have membrane potentials (-50mv to -100mv), (-) as inside is negative to outside. 

Resting potential 

At rest, neurone is polarized (-70mv). Na-K pumps maintain this. A large enough stimulus will cause 

nerve to fire. 

Action potential 

 Only generated axon, when simulated enough to overcome threshold; 

 Na channels open and Na floods into the cell down its conc gradient. 

 K channels open, K floods out of the cell 

 This depolarisation reverses polarity, action potential. 

 Na-K pumps bring it back to normal (repolarization) as it only lasts a short while. 

 This repolarization period (refractory) allows impulse to move on, and it can’t respond to 

another stimulus. 

 If axon is myelinated, impulse travels faster. 

 Action potential is all or nothing, strength is measured by frequency of action potentials. 

The synapse 

Impulse crosses here to move to next neurone. Post synaptic terminal has many vesicles of 

neurotransmitter.  

Depolarisation of presynaptic membrane  Ca++ rush in, calcium-gated ion channels  

Causes vesicles to fuse with membrane, release neurotransmitter via exocytosis  neurotransmitter 

travels across synapse, sets up next action potential, then is destroyed by enzyme. 
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The eye and ear 

 

 

 

 

 

 

 

 

 

 

 

Eye 

• Cones—photoreceptors in the retina that distinguish different colours 

• Cornea—tough, clear covering that protects the eye and allows light to pass through 

• Humor—fluids that maintain the shape of the eyeball 

• Iris—coloured part of the eye that controls how much light enters the eye 

• Lens—focuses light onto the retina 

• Pupil—small opening in the middle of the iris 

• Retina—converts light into nerve impulses that are carried to the brain 

• Rods—photoreceptors in the retina that are extremely sensitive, but do not distinguish different 

colours 

 

Ear 

• Auditory canal—ear canal, where sound enters 

• Cochlea—fluid-filled part of inner ear, sends nerve impulses to brain 

• Ear bones—hammer, anvil, and stirrup; transmit vibrations from eardrum to oval window 

• Eustachian tube—equalizes pressure between environment and inner ear 

• Oval window—sends waves of pressure to the cochlea 

• Semi-circular canals—fluid filled, helps you maintain your balance 

• Tympanum—ear drum, vibrates as sound waves hit it 

 

Excretion 

Removal of metabolic waste, CO2, water, nitrogenous waste. 

Organs of excretion; Lungs, Liver, Kidney and Skin 

Skin excretes sweat (water & salts [Inc urea]) 

Lungs water vapour and CO2 (from Krebs cycle) 

Kidney excess water and urea 

Liver No excretion, deamination of AA and production of urea 
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Kidneys 

Able to respond quickly to changes as it’s under hormonal response. Major hormone is ADH, regulates 

blood pressure by controlling amount of water reabsorbed 

 

The nephron contains glomerulus (cluster of capillaries) inside Bowman ’s capsule. Also has tubule 

and loop of Henle. Carries out filtration, secretion, reabsorption and excretion. 

 

Filtration  occurs by diffusion (passive and non-selective). Filtrate contains substances small 

enough to diffuse out into BC (glucose, salts, vitamins, urea).  

  Filtrate then travels into loop of Henle, then collecting duct (tubule).  Then is stored in 

urinary bladder temporarily then to urethra and out the body. 

Secretion  active and selective, uptake of molecules that did not get filtered in BC. Occurs in 

tubules. 

Reabsorption most water and solutes (glucose, AA, vitamins) are transported back to capillaries then 

back to body. Occurs in tubule, loop of Henle (mainly water) and collecting tubule. 

Excretion  removal of metabolic waste, everything passing collecting tubule is excreted out. 

 

Muscles 

Smooth / Involuntary  makes up walls of blood vessels and digestive tract. Under control of 

autonomic nervous system 

Skeletal / Voluntary striated, very large and multinucleate. Work in pairs (contract / relax) 

Cardiac striated, found in heart. Generates its own action potential, beat on 

their own, even when removed from body. 

Sliding Filament Theory 

1000s of fibres, myofibrils in cytoplasm of skeletal muscle cell, run parallel to length of cell. Made of 

thick and thin filaments. 

Thin filament consists of actin protein, Thick filament consists of myosin proteins. 

Muscles contract as these filaments slide over each other. 
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Chapter 13 

Hermaphrodites mate with any animal of their species. Both act as male and female, donate and 

receive sperm. 

Remember haploid is (n) number of chromosomes. 

 

 

 

 

 

 

 

Asexual Reproduction 

Offspring’s genetically identical to parent. Advantages include 

 Allow living in isolation 

 Create many offspring quickly  

 No energy wasted maintaining reproductive / hormonal cycles 

 Advantageous when environment is stable as off springs are clones. 

Types 

Fission   separation of organism into 2 new cells 

Budding  splitting of new individuals from existing ones 

Fragmentation  single parent breaks into parts, regenerate into 2 individuals 

Parthenogenesis egg develops without being fertilized. Results with haploid adults. 

 

Sexual reproduction 

Human male reproductive system    Human female reproductive system  

 

 

 

 

 

 

 

 

 

 

 

• Testes —male gonads, site of sperm formation 

• Vas deferens—duct carries sperm during ejaculation from 

the epididymis to the penis 

• Prostate gland— large gland that secretes semen, directly 

into the urethra 

• Scrotum—the sac outside the abdominal cavity that holds 

the testes; the cooler temperature there enables sperm to 

survive 

• Urethra—the tube that carries semen and urine 

• Ovary—meiosis occurs and where the secondary oocyte 

forms prior to birth 

• Oviduct or Fallopian tube—where fertilization occurs; after 

ovulation, the egg moves through the oviduct to the uterus 

• Uterus—where the blastula stage of the embryo will 

implant and develop during the nine-month gestation, should 

fertilization occur 

• Vagina—the birth canal; during labour and delivery, the 

baby passes through the cervix and into the vagina 

• Cervix—the mouth of the uterus 

• Endometrium—lining of the uterus 
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Menstrual Cycle (Human female) 

Changes in ovary and uterus that is controlled by interaction of hormones. Females release gametes at 

28 day intervals, from puberty to menopause. Egg released in 4 stages. 

Follicular phase 

 Tiny cavities (follicles) in ovaries, grow and secrete large amounts of estrogens in response to 

FSH (Follicle-stimulating hormone) from anterior pituitary. 

Ovulation 

 Secondary oocyte, ruptures out of ovaries, response to increase in luteinizing hormone (LH) 

from the anterior pituitary. Ovulation occurs around 14th day after menstruation 

Luteal phase 

 After ovulation, corpus luteum (the cavity of the follicle left behind) forms and secretes estrogen 

and progesterone that thicken the endometrium (lining) of the uterus. 

Menstruation 

 If implantation of an embryo does not occur, the build-up of the lining of the uterus breaks 

down and is shed. Tissue and some blood are discharged from the vagina. This bleeding is 

commonly called the period. 

 

Hormonal Control of the menstrual cycle 

The hypothalamus in the brain releases GnRH, which stimulates the 

anterior pituitary to release FSH and LH, which, in turn, stimulate 

the ovary to release estrogen and progesterone. These two 

hormones prepare the uterus for implantation of an embryo. 

 

Spermatogenesis 

 Process of sperm production, continuous process. Begins at 

puberty  old age. 

 Begins as LH induces testes to produce testosterone. Together 

testosterone and FSH stimulate sperm production. 

 Each spermatogonium cell (2n) divides by mitosis to produce 

two primary spermatocytes (2n) which can each undergo meiosis I 

to produce two secondary spermatocytes (n) 

 Each secondary spermatocyte then undergoes meiosis II, which 

yields four spermatids (n). 

 These spermatids differentiate and move to the epididymis 

where they become motile. 
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Oogenesis 

 Production of ova, begins prior to birth. 

 Female body born with primary oocytes she will ever have, within the embryo, an oogonium cell 

(2n) undergoes mitosis to produce two primary oocytes (2n). 

 These remain active within follicles in ovaries until puberty, then reactivated by hormone. 

 At that time, meiosis I occurs, producing secondary oocytes (n) that are released monthly at 

ovulation. 

 Meiosis II occurs when sperm penetrates the secondary oocyte during fertilization. 

 During meiosis I and meiosis II the cytoplasm divides unequally. Almost all the cytoplasm 

remains in the egg, leaving two tiny polar bodies that have very little cytoplasm and which will 

disintegrate. 

 One primary oogonium cell produces only one active egg cell. 

 

 

 

 

 

 

 

 

 

 

 

 

Embryonic Development 

Haploid sperm (n) fertilizes haploid egg (n)  diploid zygote (2n) 

Zygote undergoes cleavage (a succession of mitotic divisions that results in the formation of a hollow 

ball called a blastula) 

3 stages, cleavage, gastrulation, and organogenesis. 

Cleavage Rapid mitotic cell division of zygote, immediately after fertilization. Dividing very quickly, 

no time to grow. End of cleavage when production of a fluid filled ball of cells, blastula. 

  The individual cells of the blastula are called blastomeres, and the fluid filled centre is a 

blastocoel. 

Gastrulation continuation, rearrangement of blastula 2, produces 3 layered embryo called gastrula 

Gastrula consists of 3 layers called embryonic germ (EG) layers, ectoderm, endoderm 

and mesoderm. They develop into parts of adult animal. 

Organogenesis process, cells continue to differentiate, producing organs from 3 EG layers. 

  Once all organ systems developed, the embryo increases in size, becomes a fetus. 
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Extraembryonic Membranes of the Bird Embryo 

1. Chorion. It lies under the shell and allows for diffusion of respiratory gases between the outside 

environment and the inside of the shell. 

2. Yolk sac. It encloses the yolk, the food for the growing embryo. 

3. Amnion. It encloses the embryo in protective amniotic fluid. 

4. Allantois. It is analogous to the placenta in mammals. It is the conduit for respiratory gases to 

and from the embryo. It is also the place where the nitrogenous waste uric acid accumulates 

until the chick hatches. 
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Chapter 14 

Nonspecific defence 

First line of Defence 

- Skin 

- Mucous  

- Cilia 

- Stomach acid 

Second line of defence 

Inflammatory response swelling, redness, soreness, increased warmth in area. Increase blood 

supply, increasing nutrients, oxygen, white blood cells to fight disease. 

    Histamine triggers vasodilation. Increases blood supply, more p 

      phagocytes. 

    Increased body temp, speeds up immune system. 

Phagocytes  Gobble up microbes. Macrophages extend pseudopods to engulf large 

number of microbes. 

Interferons Chemicals released by immune system, block against viral infections. 

 

Specific Defence 

B lymphocytes  Produce antibodies against specific antigens, humoral response. 

T lymphocytes Fight pathogens, cell-mediated response 

 

Antibodies 

Part of 3rd line of defence. Ability to bind to antigen. Neutralize antigens, allow phagocytes to engulf the 

microbes. 

 

Clonal selection 

Fundamental mechanism in development of immunity. Antigens that have entered bind to specific t / b 

lymphocytes, once lymphocytes have been selected it clones it self 1000s of times, differentiates into 

memory and plasma cells.  

Plasma cells   Fight antigens, primary immune response. Don’t live long. 

Memory cells Same antigens but remain in blood in small numbers for a lifetime. So if 

same virus hits, immunological memory mechanism prevents it from it 

having much affect. 

Types of Immunity 

Passive Immunity (temporary) 

- Antibodies borrowed (do not survive long) 

E.g. through breast milk or through placenta. 

Active Immunity (permanent) 

- Makes antibodies yourself. 

Develops after being ill or being vaccinated.  

 

ABO Blood types 

ABO antibodies circulate in blood plasma. Bind to ABO antigens if improper transfusion occurs. 
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Dangers occur the recipient has antibodies to donor’s antigens. That’s why blood mixed in lab to 

determine compatibility (cross-match) 

 

 
 

AIDS Virus acquired immune deficiency syndrome. AIDS suffers highly susceptible to 

opportunistic diseases, infections and cancers that take advantage of collapsed 

immune. 

 HIV (human immunodeficiency virus) mainly attacks helper T cells. It’s a 

retrovirus. Reverse transcribes itself, makes DNA integrates into host genome. 

 

Allergies, Antibodies, Vaccines, Autoimmune diseases 

Allergies hypersensitive immune responses to certain substance called allergens. 

 Excessive amounts of histamine released. 

 Anti-histamines help counteract. Sometimes allergic response can be life 

threatening (anaphylactic shock), death within minutes. 

Antibiotics Medicines that kill bacteria / fungi. 

Vaccines Prevent viral infections. 

Autoimmune diseases e.g. Multiple sclerosis, lupus, arthritis, juvenile diabetes. Caused by mistake in 

immune system, can’t tell between self & nonself. Perceives its cells as foreign. 
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Chapter 15 

Fixed action pattern 

 FAP, is an innate, stereotypical behaviour. Once begun, continued till completion.  

 Initiated by external stimuli (sign stimuli). If stimuli shared between members of dames species, 

they are known as releasers. 

Learning 

Sophisticated process, responses of organisms are modified from experience. Linked with length of life 

and complexity of brain. Animals with short life rely on FAP. 

 

Habituation 

Simplest forms of learning. Animal ignores persistent stimulus. 

 

Associative learning 

One stimulus becomes associated with another through experience.  

- Classical conditioning, (Pavlov dogs), dog associate sound of bells with food, salivate when they 

hear the bell. 

- Operant conditioning, (trial and error), animals learns to associate its own behaviour with 

rewards / punishments so repeats or avoids certain behaviours. 

 

Imprinting 

Occurs during sensitive period of early life. Irreversible for length of that period. E.g. ducklings following 

their parents or who they think is parents. 

 

Social Behaviours 

Cooperation 

Individuals work together to complete tasks more successfully, E.g hunting in a pack. 

 

Agonistic behaviour 

Aggressive behaviour, involves threats or actual to settle disputes between individuals. Usually over 

food, mates, shelter. Also involves symbolic or ritualistic behaviours, ie someone fighting to prove 

themselves. 

 

Dominance Hierarchies 

Pecking order behaviours, dictate social position of an animal. Alpha animal control behaviours of 

others. 

 

Territoriality 

Territory is an area an organisms defend. Established by agonistic behaviours. Used to capture food, 

mating and rearing young. Size depends on function and resources available 

 

Altruism 

Reduces individual’s reproductive fitness (animal may die) while increasing fitness of group / family. 

E.g. honeybee stings intruder and dies, protects honeybee and its eggs. 

 


