Bacteria
Domain of life: Bacteria 
Bacteria are unicellular microorganisms. Some bacteria are beneficial, while others are pathogenic. 
Pathogenic means disease causing
Beneficial bacteria include bacteria that are used to make cheese and yoghurt. Trillions of bacteria live in the large intestine of humans where they make vitamin B and vitamin K. 
Pathogenic bacteria cause illnesses such as food poisoning, tuberculosis (TB) and strep throat. 
Bacteria are prokaryotic i.e. they have no nucleus or other organelles which are bound by membranes such as the mitochondria. Bacterial cells being prokaryotic is referred to as their cellular nature.
Bacteria can be divided into groups using shape 
Bacteria can be spherical (cocci), rod or spiral shaped. 
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	Bacterial cell part 
	Function 

	Capsule 
	Prevents the bacteria from drying out

	Cell wall 
	Protects the bacterial cell 

	Cell membrane 
	Semi-permeable layer 

	Ribosomes 
	Carries out protein synthesis 

	Chromosome
	DNA of the bacteria 

	Plasmid 
	Small loop of extra bacterial DNA which contains genes. Some of these genes enable bacteria to become resistant to antibiotics

	Cytoplasm 
	Holds the chromosome, plasmid and ribosomes in place 

	Flagellum 
	Some bacteria contain flagella which enables the bacterium to move 





Nutrition in Bacteria
Bacteria can be grouped as autotrophic or heterotrophic. 
Heterotrophs cannot make their own food. They obtain food from other organisms. 
Heterotrophic bacteria can be 
(a) Saprophytic bacteria: These bacteria feed on dead organic matter. These include bacteria involved in the decomposition process. 

(b) Parasitic bacteria: These bacteria feed in or on an organism causing it harm. These include bacteria such as E.coli which cause food poisoning in humans. 
Some bacteria are autotrophic. Autotrophs make their own food. 
Autotrophic bacteria can be 
(a) Photosynthetic bacteria: These bacteria use light energy to make their own food. For example, cyanobacteria contain chlorophyll which absorbs light energy. 

(b) Chemosynthetic bacteria: These bacteria use energy from a chemical reaction to make their own food. For example, nitrifying bacteria involved in the nitrogen cycle feed in this way. 


Factors affecting growth of microorganisms 
The ability of microorganisms to grow and reproduce are affected by factors such as 
· Nutrients 
· Water 
· pH
· Temperature 
· External solute concentration 
· The presence of antibacterial or antifungal chemicals  
1.Nutrients 
· Microorganisms such as bacteria and fungi need nutrients such as glucose, proteins, vitamins etc. 
· If nutrients are in plentiful supply, microorganisms will reproduce rapidly. 
· In the laboratory, a gel known as agar is used as a food supply to grow microorganisms.
·  If there is a limited number of nutrients, the rate at which the microorganism population grows will slow down. 
2. Water 
· All microorganisms need water. 
· Water makes up the cytoplasm of cells. 
· If a cell lacks water, the cell cytoplasm will become dehydrated and move away from the cell membrane. 
· The bacterial cell will be unable to function in the absence of water. 
3. pH 
· PH level refers to the acidity or basicity of an environment. Different microorganisms work best at different pH levels  
· If a microorganism is exposed to its optimum pH level, it will grow and reproduce rapidly.
·  If a microorganism is exposed to an extreme pH i.e. a pH value that is far from its optimum pH, then its enzymes will be denatured, and thus the microorganism will not be able to grow or reproduce. 
· The exception to this is in bacteria, who can go dormant by forming endospores in unsuitable conditions. 

Temperature 
· Most microorganisms grow best at 20OC – 40OC. 
· Lower temperatures slow down the rate at which microorganisms grow. 
· Most microorganism’s enzymes are denatured by higher temperature. 
External solute concentration 
The cell membrane of microorganisms is semi-permeable, which means water can enter and leave the cell. The rate at which this occurs is influenced by the external solute concentration i.e. the concentration of the surroundings of the microorganism. 
· If the environment is more concentrated than the cytoplasm of the microorganism, water will move out the cytoplasm of the microorganism, thereby causing dehydration  
· This is the principle behind food preservation, where microorganisms, if present in a salty or sugary environment, will dehydrate, and thus cannot grow. 
· If the environment is less concentrated than the cytoplasm of the microorganism, water will move into the cytoplasm of the microorganism.
· Bacteria and fungi contain cell walls, so no bursting will occur due to the excess water 

6. The presence of antibacterial or antifungal chemicals  
· Antibacterial and antifungal chemicals are substances that prevent the growth of bacteria and fungi respectively. 

· Bacteria are destroyed by antibiotics.
· Antibiotics have no effect of illnesses caused by viruses.
An antibiotic is a substance produced by microorganisms which is used to treat bacterial and fungal infections
Bacteria can become resistant to antibiotics. 
Antibiotic resistance is caused by the overuse of an antibiotic or not completing the prescribed course of antibiotics.
 Antibiotic resistance is the ability of a bacteria to withstand the effect of an antibiotic


Growth curve of microorganisms 
When microorganisms such as bacteria and grow in an environment such as an agar plate, their population growth follows a pattern. 
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Lag Phase: 
· Microorganisms are adjusting to the environment 
· The growth of microorganisms is slow to begin with as microorganisms start to produce enzymes that break down the substrate present 
Log Phase:
· Plenty of nutrients, space, oxygen and low waste concentrations allow microorganisms to multiply rapidly 

Stationary Phase: 
· The number of live microorganisms remains constant 
· There is increased competition for nutrients, space and oxygen 
· A build-up of toxic wastes limits reproduction 

Decline/Death Phase 
· Nutrients have almost run out and the toxins are at high levels
· The death rate is much higher than rate of reproduction 

Survival Phase 
· Some microorganisms survive by producing endospores which lie dormant until favourable conditions arise

Endospores:
Some bacteria can survive adverse external conditions by forming endospores. 
Endospores form when the contents of the bacterial cell shrink, lose water, and a thick wall forms around the part of the bacterial cell  
The bacteria remain dormant inside the endospore until suitable conditions arise again. 
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Knowledge of growth curves
Microorganisms are used to produce many products we use such as cheese, yoghurts, antibiotics and alcohol. 
A knowledge of microbial growth curves can help increase the yields of these products. 
Microorganisms will produce the most amount of product when their population numbers are highest i.e. during the late log phase. 
Industries can maintain the population of microorganisms at this phase ensuring that the maximum amount of product is being made constantly.
To maintain the late log phase industries would supply microorganisms with enough nutrients for the population and ensure that the other factors such as temperature and pH are at their optimum level for microbial growth. 
To investigate factors affecting the growth of microorganisms. 
At times when working in the laboratory it will be necessary to ensure that all microorganisms are destroyed. 
Sterile: free from all organisms
Sterile techniques include 
· Flaming the neck of all flasks before and after using them 
· Sterilise equipment before using them 
· On completion of the investigation, soak all apparatus in sterilising fluid
When it is not possible to remove all organisms in a room, the principle of asepsis is used. 
In asepsis, pathogenic microorganisms are excluded from as much of the environment as possible.
Asepsis: free from all pathogens 
Aseptic techniques include 
· Wash the laboratory bench with disinfectant before the investigation 
· Keep all containers such as petri dishes, closed as much as possible 
· Wear protective clothing and masks while carrying out the investigation 
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Antibiotics are chemicals that affect bacteria.

(i) What is meant by antibiotic resistance?

The image shows bacterial growth in a petri dish with nutrient agar (food for the bacteria).
Antibiotic discs (A, B, C, D, E and F) were placed on the agar and the bacteria were allowed
to grow.

(ii)  Identify an antibiotic disc that was not effective against the bacteria.

Identify an antibiotic disc that was most effective against the bacteria.

(iv)  Explain how you decided this antibiotic disc was the most effective.
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