Unit 3

CONTROL AND REGULATION

Growth Differences between Plants and Animals

· Meristems are sites of active cell division; only found in plants.

· Apical meristems are located at the growing tips of roots and shoots.

· New cells formed in the meristems undergo elongation, vacuolation and differentiation.

· Most plant growth occurs as a result of cell elongation.

· Meristematic cells in the cambium, between the xylem and phloem, are responsible for secondary thickening.

· The cambium divides radially to form a ring of cambium then divides tangentially to form secondary xylem on the inside and secondary phloem on the outside.

· Lighter spring wood is composed of large, thin walled xylem cells.

· Darker autumn wood is composed of smaller, thick walled xylem cells.

· The grain of the wood is the pattern of the annual rings.

· Heart wood is the central, non-conducting wood.

· Flowering plants (Angiosperms) have extensive powers of regeneration e.g. roots forming on stem cuttings.

· Mammals have limited powers of regeneration, mainly restricted to wound healing.

· The liver's higher power of regeneration is due to the cells being less highly differentiated.

· Growth patterns in an annual plant, a tree, a human and an insect:

· annual plants; (mass) initial loss due to respiration while germinating followed by increase due to photosynthesis then loss as seeds are dispersed.

· tree; (height) increased from spring through to autumn due to photosynthesis, no change over winter.

· (mass) increases with growth then decreases with leaf and seed fall.

· human; (height/mass) rapid increases due to growth spurts in infancy and adolescence.

· insect; (length) increases in steps when its skin is shed.

· (mass) increases constantly as it feeds with decreases occurring when it sheds its skin.

Genetic Control
· Within an organism there are differences between the cells despite having the same genes.

· Some are switched on in all cells (essential genes) others are only switched on in certain cells and at certain times.

· Differentiation of cells is controlled by switching on and off different genes e.g. different blood cells and different plant cells.

· Jacob-Monod hypothesis: In bacteria this switching system involves two genes; a regulator gene and an operator gene.

· The regulator gene causes a repressor molecule to be formed which blocks the operator gene. This switches off the structural genes.

· If an inducer molecule is present (e.g. lactose) it combines with the repressor molecule freeing the operator gene to switch on the snuctura1 genes so producing an enzyme. E.g. in the presence of lactose, β-galagtosidase enzyme is formed which digests the lactose.

· Genes control metabolic pathways by coding for particular metabolic enzymes.

· If the normal gene is absent the pathway will not function e.g. in PKU (phenylketonuria) . PKU is caused by a genetic defect. As a result the enzyme needed to metabolise phenylalanine is nit produced. Instead, of the phenylalanine being converted into tyrosine it is converted into toxic compounds which cause mental retardation.

Hormonal Influences

· Growth in humans is controlled by the hormones growth hormone (GH) and thyroid stimulating hormone (TSH) which is produced by the pituitary.
· Over- or under-production of GH will affect the person's height.
· TSH stimulates the thyroid gland to produce thyroxine which controls the rate of cell metabolism.

· Over-production of TSH causes an over-production of thyroxine which leads to an increase rate of metabolism.

· Under-production of TSH causes an under-production of thyroxine which leads to a reduced rate of metabolism causing retarded mental and physical development.

· Indole acetic acid (IAA) is an auxin which is produced in root and shoot apical meristems and in leaf meristems.

· High levels of IAA: stimulates cell elongation in shoots (possibly leading to phototropism due to uneven distribution across the shoot); inhibits cell elongation in roots; prevents growth of side shoots (apical dominance); prevents leaf fall (abscission) and stimulates fruit formation.

· Gibberellic acid (GA) is a gibberellin which: reverses dwarfism in plants by increasing the length of the internodes; breaks dormancy in buds and in seeds.

· In seeds low levels of GA are produced by the embryo. This diffuses to the aleurone layer where it stimulates the production of a-amylase which digests the starch in the seed producing sugar for growth of the embryo.

· Rooting powders contain auxins to stimulate root growth.

· Weed killers (herbicides) containing auxins cause extreme growth and very high rate of metabolism which kills the plant.
Environmental Influences

· Mineral deficiencies in plants:

	Element
	Role
	Symptoms

	Nitrogen
	to make chlorophyll, proteins

and nucleic acids
	reduced growth, chlorosis

(yellowing of leaves), long roots

	Phosphorus
	to make nucleic acids and A TP
	stunted growth. red leaf base

	Potassium
	needed for membrane transport
	stunted growth and premature death

of leaves

	Magnesium
	needed to make chlorophyll
	chlorosis of leaves


· Mineral deficiency in animals:

	Element
	Role
	Symptoms

	Iron
	to make haemoglobin, enzymes

and cytochrome system
	anaemia, lacking energy

	Calcium
	to make shells, bones, teeth and

for blood clotting
	rickets (soft bones)


· Lead can inhibit enzyme activity leading to impaired mental development.

· A lack of vitamin D will also cause rickets due to poor absorption by the gut.

· The developing foetus can be affected by substances which pass from the mother across the placenta:

	Substance
	Effect on Baby

	Thalidomide
	limb deformities

	Alcohol
	retarded growth and mental development

	Nicotine
	retarded growth and mental development


· A lack of light will cause plants to grow long weak stems with yellow leaves (etiolation).

· Light shining from one direction will cause shoots to grow towards the light (phototropism).
· Photoperiodism in plans control flowering.

· Short day plants only flower when the number of hours of daylight per day is less than / the number of hours of darkness is more than a critical number e.g. strawberry.

· Long day plants only flower when the number of hours of daylight per day is more than a critical number e.g. spinach.

· Photoperiodism in animals determines the timing of breeding through controlling hormone release and development of the gonads.

.....

Physiological Homeostasis

· Homeostasis is needed to maintain conditions within tolerable conditions 

e.g.
water concentration – to prevent cell damage due to osmosis, 
blood glucose - to provide energy to cells, 
temperature - to provide optimum conditions for enzymes to function.

· Negative feedback acts to control the internal environment. Receptors detect changes and effectors are instructed to reverse these changes.

· Osmoregulation: change in water concentration of blood detected by the hypothalamus which controls the amount of ADH produced by the pituitary. The level of ADH affects the permeability of the kidney tubules to water.

· Blood water concentration too high ( less ADH ( less water reabsorbed into blood.

· Blood water concentration too low ( more ADH ( more-water reabsorbed into blood

· The liver acts as a reservoir of carbohydrate. The hormones Insulin and Glucagon are produced by the pancreas.

· When blood glucose level is high insulin is produced which stimulates enzymes in the liver to remove glucose from the blood and store it as glycogen.

· When blood glucose level is low glucagon is produced which stimulates enzymes in the liver to break down glycogen to release glucose into the blood.

· Adrenaline, produced by the adrenal gland, increases the release of glucose from the liver as part of the fight or flight response.

· Endotherms generate body heat internally and have a constant body temperature e.g. mammals and birds.

· Endotherms obtain their heat from the environment and do not maintain a constant body temperature e.g. reptiles.

· The hypothalamus acts as the temperature monitoring centre. It sends nerve messages to the effectors to correct changes in the body's temperature.
· Temperature too high:

sweating - heat used to evaporate water, 
dilate surface capillaries (vasodilation) - heat lost from blood

· Temperature too low:




constrict surface capillaries (vasoconstriction) - less heat lost from blood




contract hair erector muscles - traps insulating layer of air.

Population Dynamics

· Populations remain relatively stable despite short-term oscillations in numbers. These occur when birth and death rates are not equal.

· Density dependent and density independent factors will affect population change.

· Density dependent factors will increase their effect as the population increases e.g.

· food supply: as the population density increases so will the competition for food, 

· predation: as the population density increases so will the predator numbers,

· disease: as the population density increases so diseases will spread more easily, 

· competition: as the population density increases so will the competition for resources and space.

· Changes in the prey population will cause the predator population to changes but these changes will lag slightly behind those of the prey.
· Density independent factors will have the same effect irrespective of the population size e.g. temperature, rainfall.

· Populations need to be monitored so that appropriate actions can be taken i.e.

· management of species .used for food or raw materials e.g. fish stocks.

· control of pest species e.g. locusts.

· assess pollution levels using indicator species e.g. lichens for sulphur dioxide;
· mayfly, stonefly, sludgeworms, rat-tailed maggots for sewage.

· protection of endangered species e.g. whales.

· A succession describes the changes in population from the initial colonising plants through to the final climax community e.g.

lichens ( mosses ( grasses ( herbs ( shrubs ( trees .

· The pioneer organisms are the initial colonisers e.g. lichens.

· The climax community has long term stability, in a state of dynamic equilibrium e.g. a forest.

· Associated with a succession there is:

· an increase in species diversity (number of species)

· an increase in biomass

· an increase in the complexity of the food webs.

· Successions are irreversible. Each community alters the habitat by accumulating organic and inorganic matter making it favourable for other communities to succeed them.
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