Bacteria 
20.1 
(a) What is microbiology? _____________________________________________________________________________________________________________________________________________________
(b) Write down three examples of micro-organisms. _____________________________________________________________________________________________________________________________________________________
(c) To which domain of life do bacteria belong to? ___________________________________________________________________________
(d) Bacteria are prokaryotic. Explain the meaning of this term. _____________________________________________________________________________________________________________________________________________________
20.2

(a) What type of bacterial shape is illustrated in figure 20.2? _____________________________________________________________________
(b) Some bacteria are pathogenic. Explain the meaning of this term. __________________________________________________________________________________________________________________________________________
(c) Write down two examples of human illnesses caused by bacteria. __________________________________________________________________________________________________________________________________________
20.3
A bacterial cell is modelled below Examine the figure and answer the questions that follow
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(a) Name the parts of the bacterial cell labelled A – G. 
A: ______________________ B: ______________________  C: ______________________
D: ______________________ 
Outline the function of the part labelled D. ______________________________________________________________________________________________________________________________________________________
(b) Identify the part of the bacterial cell which prevents the cell from drying out. __________________________________________________________________________________________________________________________________________
A group of students carried out an experiment to investigate the effect of ultra-violet (UV) light on the rate of bacterial growth. 
(a) Is this a testable hypothesis? Justify your answer. _______________________________________________________________________________________________________________________________________________________________________________________________________________
(b) Describe in detail how the students could have carried out this investigation. Make reference to the independent, dependent and controlled variables. Make reference to how the student measure the rate of bacterial growth and a possible control. 
___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
(c) The data collected by the students is presented in table 20.1. Examine the data in the table. Note CFUs is an abbreviation for colony forming units, a measure of bacterial growth. 
	UV Exposure Time (mins) 
	Average bacterial colonies (CFUs)

	0
	132

	1
	115

	2
	84

	3
	47

	4
	22

	5
	5

	6
	0


Table 20.1 
Write two conclusions the students could have gathered from examining the data in table 20.1 
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
20.5
(a) Some bacteria make their own food using light energy. What term is used to describe this process? ______________________________________________________________________
(b) Bacteria in the soil use energy from metabolic processes to make their own food. What term is used to describe this process? ________________________________________________________________________
(c) Distinguish between a parasitic and a saprophytic bacterium. ____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
20.6 
During an outbreak, a sample of water contaminated by bacteria was studied to find which antibiotic was most effective against those bacteria. Three antibiotics were used – erythromycin, ciprofloxacin and azithromycin. A range of concentrations of each antibiotic were used on the contaminated water. 
A microbiologist carried out the investigation as follows 
· Sterile nutrient agar plates were set up containing different concentrations of each type of antibiotic 
· 1cm3  of contaminated water was transferred onto each plate 
· The same process was repeated for the other two antibiotics. 
The results of the investigation are presented in table 20.2. Examine the data in the table and answer the questions that follow. 
	Concentration of antibiotic (%)
	Number of colonies on plate with erythromycin
	Number of colonies on plate with ciprofloxacin
	Number of colonies on plate with azithromycin

	0
	86
	86
	86

	10
	70
	43
	0

	20
	47
	22
	0

	30
	32
	0
	0

	40
	24
	0
	0


Table 20.2
(a) Aside from antibacterial chemicals such as antibiotics, list three other factors which affect the growth of bacteria. __________________________________________________________________________________________________________________________________________
(b) List two variables which should be kept controlled (constant) in this investigation. __________________________________________________________________________________________________________________________________________
(c) Identify which antibiotic is most effective? Justify your answer. _______________________________________________________________________________________________________________________________________________________________________________________________________________

(d) Describe the relationship between percentage concentration of antibiotic and the number of bacteria colonies. ____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
(e) Suggest why sterile nutrient agar plates were used in this investigation. __________________________________________________________________________________________________________________________________________
(f) The microbiologist transferred 1cm3  of contaminated water onto each plate. Suggest a suitable piece of apparatus the microbiologist could have used for this procedure. _____________________________________________________________________

(g) Overtime some bacteria may become resistant to antibiotics. Outline two causes of antibiotic resistance. 
_________________________________________________________________________________________________________________________________________________________________________________________________________________________________
20.7 
Students carried out an experiment to investigate the effect of temperature on the growth rate of different bacteria – Escherichia coli and Bacillus subtilis. The students measured the rate of bacterial growth by measuring the turbidity of the solution every hour (Figure 20.2) using a colorimeter. 
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The more turbid a solution is, the more bacteria growth has occurred. 
The results of the data are displayed in Table 20.3 
	Temperature OC
	10
	20
	30
	37
	40
	45
	50

	Growth rate per hour of E. coli

	0.05
	0.18
	0.42
	0.65
	0.60
	0.30
	0.05

	Growth rate per hour of B. subtilis
	0.02
	0.10
	0.35
	0.55
	0.58
	0.50
	0.15



Table 20.3
(a) Using the grid provided, draw a suitable graph to represent the data in table 20.3
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(b) Identify which bacteria tolerates a broader range of temperatures? _____________________________________________________________________

(c) Identify which bacteria would grow best in humans? Justify your answer.  __________________________________________________________________________________________________________________________________________

(d) Bacillus subtilis was one of the bacteria used in this investigation. Write down the genus and species name of this bacteria. 
Genus: _________________________________________
Species: ______________________________________

(e) In this investigation, scientists must make sure all apparatus is sterile and that aseptic techniques are adhered to. 
Distinguish between sterility and asepsis. _______________________________________________________________________________________________________________________________________________________________________________________________________________
20.8 
(a) In the space provided draw a line graph to represent the typical growth curve of bacteria. Label both axes and label each stage of growth on the graph. 
	



(b) Bacteria are used to make products such as cheese. In which growth stage would the greatest yield of product be made? Justify your answer. _________________________________________________________________________________________________________________________________________________________________________________________________________________________________
(c) Describe, in detail, how bacteria survive in unfavourable conditions such as drought of lack of nutrients. 
__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Three antibiotics (A, B, C) were tested on E. coli, and the surviving bacteria (%) were recorded after 24 hours.
	Antibiotic
	Concentration (mg/mL)
	Surviving Bacteria (%)

	A
	0.1
	90

	A
	0.5
	60

	A
	1.0
	30

	B
	0.1
	95

	B
	0.5
	80

	B
	1.0
	50

	C
	0.1
	98

	C
	0.5
	85

	C
	1.0
	70



1. Which antibiotic is most effective? Justify your answer.
2. Plot a line graph showing how bacterial survival changes with concentration for each antibiotic.
3. If a doctor wants at least 80% bacteria killed, which antibiotic and concentration would you recommend?












20.10 
Bacteria were grown in three environments (Acidic, Neutral, Alkaline) and their growth rates (OD600 measurements) were recorded:
	pH Level
	Day 1
	Day 2
	Day 3
	Day 4

	Acidic (pH 4)
	0.1
	0.3
	0.5
	0.4

	Neutral (pH 7)
	0.2
	0.6
	1.2
	2.0

	Alkaline (pH 9)
	0.1
	0.4
	0.7
	0.9


1. Which pH level supports the highest bacterial growth?
2. On which day does the neutral environment show the fastest growth rate?
3. Why might the acidic environment show slower growth?
20.11
Two bacterial species were grown at different temperatures:
	Temperature (°C)
	Staphylococcus Count (CFU/mL)
	Lactobacillus Count (CFU/mL)

	10
	50
	20

	20
	200
	100

	30
	1000
	500

	40
	800
	300


1. Which species grows better at higher temperatures?
2. At which temperature do both species have the highest growth?
3. If you wanted to grow Lactobacillus in the laboratory, what temperature would you choose?
20.12
Different food samples were left at room temperature, and bacterial counts (CFU/g) were measured daily:
	Food
	Day 1
	Day 2
	Day 3
	Day 4

	Milk
	100
	500
	5000
	20000

	Chicken
	200
	2000
	10000
	50000

	Bread
	50
	100
	300
	1000


1. Which food spoils the fastest? Justify your answer. 
2. Calculate the growth rate (CFU/day) for chicken between Day 2 and Day 4.
3. How could this data help in food storage recommendations?
Making Connections Questions
20.13 (Link – Classification Systems & fungi)
(a) In relation to microorganisms, distinguish between asepsis and sterility 
(b) Compare the cellular nature and nutrition of bacteria and fungi
(c) There are three domains of life; bacteria, and two other domains. Name these other domains.
(d) Distinguish between archea and ‘true’ bacteria 

20.14 (Link – Digestive System)
Symbiotic bacteria live in the large intestine of humans. 
(a) Define the term symbiosis 
(b) Outline the role bacteria play in the human large intestine 
(c) Suggest how antibiotics affect the balance of bacteria in the human large intestine 

20.15 (Link – Defence System)
(a) Describe the response of the acquired immune system to a pathogenic bacterium in the blood

(b) Outline who antibiotic resistance in bacteria affects the human immune system.

20.16 (Link – Biogeochemical cycles)
Describe how disrupting bacterial populations in the soil affects nutrient recycling. 
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