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Question 3 
 
Bacteria play central biological roles. 
 
(a)  Bacteria may act as 

• producers 
• parasites 
• mutualistic symbionts 
• decomposers 

 
Select THREE of the ecological roles above. For each one you choose, describe how bacteria carry out the 
role and discuss its ecological importance. (3 points maximum for each ecological niche; 9 points 
maximum) 
 
 1 point each 1 point each 1 point each 
 Defines ecological role 

(this may be included in 
example). 

Case, example or specific 
description. 

Details, mechanism, 
elaboration. 

Producer • Primary source of energy 
for food chain/ecosystem. 

• Fixes carbon/primary 
source of organic 
molecules/produces 
oxygen. 

• Cyanobacteria. 
• Chemoautotrophs 

(deep-sea vents). 
• Photoautotrophs (purple 

bacteria and green 
bacteria).                

• Role of photosynthesis, 
light as energy source.  

OR 
• Conversion of energy 

from organic or 
inorganic sources. 

Parasite • +/- interactions. 
• Limiting factor in host 

population size. 
• Selective agent on host 

species. 

• Streptococcus, 
Pneumococcus, etc. 
(identifies organism). 

OR 
• Pathogen causing 

disease, e.g., cholera, 
tuberculosis (identifies 
disease). 

• How disease is induced 
and/or maintained. 

• Population control 
(balance in 
ecosystems). 

Mutualistic 
symbiont 

• +/+ interaction. 
• Expands niche. 
• Enhances competitive 

fitness (may confer 
resistance). 

• Rhizobium in legumes. 
• E. coli in human 

digestive Tract. 
• Staphylococcus 

epidermis on skin. 
• Cellulose digesters in 

ruminants. 
• Etc. 

• Implications of specific 
symbiosis (e.g., 
availability of nitrogen). 

• Maintains normal flora 
and its benefits. 

• Early exposure induces 
antibody formation. 

Decomposer • Recycles nutrients. 
• May also be a mutualistic 

symbiont. 
• Removes waste and 

harmful products 
(pesticides, oil spills). 

• Nitrifying bacteria, 
denitrifying bacteria. 

• Nitrogen cycle.  
• Others (yield phosphate, 

sulfate). 

• Dead organisms and 
waste as a source of 
nutrients. 

• Steps in nitrogen cycle 
(details, not duplication). 
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Question 3 (continued) 
 
(b)  Explain how bacteria can be altered to make genetically engineered products. (3 points maximum) 
 
1 point each for explaining concept fully and/or for describing the lab method. 
 

• Isolating donor DNA/gene; using restriction enzyme; making cDNA, etc. 
• Preparing recombinant vector: cutting vector using restriction enzyme; splicing sticky ends (with 

ligase). 
• Delivering vector: transformation with recombinant plasmid, heat shock, virus/retrovirus, etc. 
• Testing product or selecting for strain. 
• Proliferation of reproducing cells protein purification. 
• Examples of products of modified bacteria are insulin, growth hormone, gene amplification, waste 

decomposition enzymes, etc.  
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Question 3 
 
Sample: 3A 
Score: 10 
 
This well-organized response could have earned more than the maximum 10 points. The description of 
producers in part (a) earned 3 points: 1 point for recognition of autotrophs capturing energy as sunlight; 1 
point for defining a role of producers as generating oxygen; and 1 point for listing cyanobacteria as 
producer bacteria.   
 
Also in part (a) the discussion of parasitism earned 3 points. The first point was for recognition that this is 
a +/- interaction. The second point was earned for description of the role of parasites as a limiting factor on 
host population size. The third point was earned for indicating that ecosystem balance is maintained by 
preventing populations from growing too large in the face of resource limits.  
 
The decomposer role earned 2 points in part (a). The first point was for noting the breakdown of organic 
material as contributing to nutrient cycles. The second point was earned for the specific example of 
nitrogen as a soil nutrient released through decomposition. 
 
In part (b) the discussion of genetic engineering of bacteria earned 1 point for the mention of cutting 
foreign DNA and plasmid DNA with a restriction enzyme and 1 point for noting the production of 
recombinant DNA by using ligase to “glue” the plasmid and foreign DNA together. This section includes a 
simple diagram to illustrate the product described and clarify the point being made. Additional valid 
information is provided in the rest of the response, but the maximum 10 points for the question had already 
been reached so no additional points were awarded. 
 
Sample: 3B 
Score: 8 
 
In part (a) the three required roles are clearly identified with headings and pertinent information limited to 
the text following each. This portion earned 7 points. The first point of the possible 3 points under 
parasitism was earned for the example of stomach residents causing ulcers. A second point came from 
description of the bacterium feeding on the host’s tissues and harming the host’s health, a +/- interaction. 
The third point came from the elaboration that a parasite can serve to keep a population size under control, 
maintaining a balanced, stable ecosystem. One point could have been awarded for parasites limiting the 
host population size if one had not already been earned for the nature of the interaction. 
 
Also in part (a), the discussion of mutualistic symbiosis earned 1 point for the example of cellulose 
digesting bacteria in herbivores. A second point was awarded for identification of this as a benefit to both 
the bacteria and the host, a +/+ interaction. The nitrogen-fixing bacteria are provided as a second 
example, but points were awarded only for the first example.   
 
The role of decomposers earned 2 points in part (a) as well. One point was earned for indicating that the 
breakdown of dead matter returns nutrients to the soil, and 1 point was earned for mention of this 
contribution to the recycling of nutrients in ecosystems. 
 
The genetic engineering portion of the response, part (b), earned 1 point for noting the use of vectors such 
as a genetically engineered bacteriophage or plasmid to introduce genetic material into bacteria. 
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Question 3 (continued) 
 
Sample: 3C 
Score: 5 
 
In this response the four parts of the question are clearly delineated. The introductory paragraph is not 
necessary and provides no valuable information. 
 
In part (a) the first point came from the explanation that bacterial producers “carry out chemosynthesis” 
when sunlight is not available. One point was earned for stating that bacteria serve as primary producers 
in the deep ocean ecosystem. The third point was earned through the mutualistic symbiosis discussion for 
the association between nitrogen-fixing bacteria and plant roots. Two final points were earned under 
decomposers for mention of their involvement in the cycling of carbon, nitrogen and phosphorus and 
returning nutrients to the soil as they break down dead organisms.   
 
In part (b) the discussion of genetic modification was too superficial to earn any points. 
 
 
 


