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Question 1 
 

During an investigation of a freshwater lake, an AP Biology student discovers a previously unknown 
microscopic organism. Further study shows that the unicellular organism is eukaryotic. 
 

(a) Identify FOUR organelles that should be present in the eukaryotic organism and describe the 
function of each organelle.  
(5 points maximum) 

 
Identify organelle  
(1 point for listing FOUR) 

Describe corresponding function  
(1 point for each function) 

Nucleus Contains hereditary information/DNA/chromosomes or is the 
site of RNA synthesis. 

Ribosomes Site of protein synthesis. 
ER (endoplasmic reticulum) Internal transport or compartmentalization. 
Rough ER Protein synthesis/packaging/transport. 
Smooth ER Lipid synthesis or detoxification or transport. 
Mitochondria ATP synthesis or aerobic/cellular respiration. 
Chloroplasts, plastids Light absorption/photosynthesis/carbohydrate synthesis. 
Vacuole, vesicles Storage or transport. 
Cilia/flagella Motility. 
Basal bodies Support cilia/flagella. 
Centrioles Assist chromosome movement in mitosis. 
Golgi bodies Protein modification/packaging/transport. 
Lysosomes Enzymatic hydrolysis of wastes/metabolites/pathogens. 
Peroxisomes Catalase/peroxidase function or detoxification. 

 
(b) Prokaryotic cells lack membrane-bound organelles found in eukaryotes. However, prokaryotes 

must perform many of the same functions as eukaryotes. For THREE of the organelles identified in 
part (a), explain how prokaryotic cells carry out the associated functions.  
(3 points maximum) 

 
Eukaryotic organelle Explain how prokaryote carries out function  

(1 point each) 
Nucleus Hereditary information/DNA/chromosomes or RNA synthesis in 

cytosol. 
Ribosomes Site of protein synthesis. 
ER (endoplasmic reticulum) Diffusion of molecules in cytosol. 
Rough ER Protein synthesis/transport in cytosol; may be linked to 

transcription. 
Smooth ER Lipid synthesis or detoxification occurs in cytosol. 
Mitochondria Other membranes or cytosolic molecules function in ATP 

synthesis. 
Chloroplasts Other membranes or cytosolic molecules function in light 

absorption/photosynthesis/carbohydrate synthesis. 
Plastids Pigments are distributed throughout cytosol or are associated 

with membranes. 
Vacuole, vesicles Inclusion bodies/granules/large molecules in cytosol. 
Cilia or flagella Motility via bacterial flagella. 
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Question 1 (continued) 
 

Basal bodies Other structures support flagella. 
Centrioles Enzyme-mediated chromosome movement. 
Golgi bodies Protein modification/packaging/transport in cytosol. 
Lysosomes Secreted enzymes hydrolyze wastes/metabolites/pathogens. 
Peroxisomes Production/secretion of catalase or detoxification. 

 
(c) According to the endosymbiotic theory, some organelles are believed to have evolved through a 

symbiotic relationship between eukaryotic and prokaryotic cells. Describe THREE observations 
that support the endosymbiotic theory.  
(4 points maximum) 

 
Describe three observations (1 point each) 
• Mitochondria contain their own DNA.  
• Chloroplasts contain their own DNA.  
• Mitochondria can self-replicate. 
• Chloroplasts can self-replicate. 
• Mitochondrial chromosomes are circular.  
• Chloroplast chromosomes are circular.  
• Mitochondrial chromosomes lack histones.  
• Chloroplast chromosomes lack histones. 
• Mitochondria contain ribosomes that are similar to bacterial ribosomes. 
• Chloroplasts contain ribosomes that are similar to bacterial ribosomes. 
• Inner membrane of mitochondria is similar the membrane of prokaryotes. 
• Inner membrane of chloroplasts is similar the membrane of prokaryotes. 
• Mitochondria can perform transcription and translation. 
• Chloroplasts can perform transcription and translation. 
• First amino acid in the polypeptides in mitochondria is fMet (N-formylmethionine). 
• First amino acid in the polypeptides in chloroplasts is fMet (N-formylmethionine). 
• Mitochondria are approximately the size of bacteria. 
• Chloroplasts are approximately the size of bacteria. 
• Mitochondria use many prokaryote-like enzymes.  
• Chloroplasts use many prokaryote-like enzymes. 
• Many antibiotics (e.g., rifampicin) interfere specifically with mitochondrial protein synthesis. 

 
General description of endosymbiotic theory (1 point) 
• Prokaryotic cells have been engulfed by and are living within ancestral/precursor eukaryotes. 
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Question 1 
 
Overview 
 
This question provided an opportunity to describe the biology of eukaryotic and prokaryotic cells and to 
examine evidence for the endosymbiotic theory of eukaryotic origins. In part (a) the hypothetical 
discovery of a freshwater, unicellular eukaryotic organism provided an opportunity to demonstrate 
knowledge of the identity and function of any four cellular organelles. In part (b) the functions of three of 
the selected eukaryotic organelles described in part (a) were the basis for providing an explanation of 
how prokaryotic cells manage to carry out the functions even though they lack the organelles. In part (c) 
the description of three observations that support the endosymbiotic theory was requested. Evidence 
could be from structure, biochemistry, or processes — particularly involving similarities between 
prokaryotes and mitochondria or prokaryotes and chloroplasts. An elaboration point could be earned for 
describing the specifics of the endosymbiotic theory. 
 
Sample: 1A 
Score: 10 
 
The response earned the maximum of 5 points in part (a). One point was earned for describing the 
function of the nucleus, which “houses the genetic material.” One point was earned for describing the 
function of the lysosome (“contains hydrolytic enzymes that breakdown macromolecules”), and 1 point 
was earned for describing the function of the mitochondrion, “which busies itself with ATP production.” 
One point was earned for describing the function of the chloroplast, which “synthesizes glucose.” One 
point was earned for identifying four correct organelles (nucleus, lysosome, mitochondrion, chloroplast), 
which did not need to be in a list.  
 
The response earned the maximum of 3 points in part (b). One point was earned for describing how 
prokaryotes carry out the function of a nucleus (“have genetic material … [in] the nucleoid”). One point 
was earned for describing how prokaryotes carry out the function of mitochondria, by stating that “their 
electron transport chain is located in the plasma membrane.” One point was earned for describing how 
prokaryotes carry out the function of chloroplasts, by stating, “For sugar synthesis, the prokaryotes have 
the metabolic machienry [sic] in the plasma membrane instead of the chloroplast.”  
 
In part (c) 1 point was earned for the observation that chloroplasts have “tiny amounts of genetic 
material,” and 1 point was earned for the observation that mitochondria have ”tiny amounts of genetic 
material.” The response could have earned 1 more point for a third observation, by explaining that 
chloroplasts and mitochondria “can synthesize some of their own proteins” or for noting that “[t]heir 
membranes are structurally different from other membranes found in other organelles” — but the 
maximum of 10 points had already been reached.  
 
Sample: 1B 
Score: 8 
 
The response earned the maximum of 5 points in part (a). One point was earned for describing the 
function of the nucleus, ”which holds the chromatin.” The response earned 1 point for describing the 
function of lysosomes, which “use hydrolytic enzymes to break down matter in the cell.” One point was 
earned for describing the function of mitochondria (“produce ATP”), and 1 point was earned for 
describing the function of centrioles (“to pull the cell’s sister chromatids apart”). One more point was 
earned for identifying four correct organelles (nucleus, lysosomes, mitochondria, centrioles).  
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Question 1 (continued) 
 
In part (b) 1 point was earned for describing how prokaryotes carry out the function of centrioles through 
“binary fission.” 
 
In part (c) 1 point was earned for the observation that “[c]hloroplasts have their own DNA,” and 1 point 
was earned for the statement that “[m]itochondria … have their own DNA.”  
 
Sample: 1C 
Score: 5 
 
In part (a) the response did not earn a point for correctly identifying four correct organelles, because one 
of the four components listed is incorrect (“cytoplasm”). One point was earned for describing the 
function of ribosomes by stating that “[r]ibosomes create the proteins,” and 1 point was earned for 
describing the function of mitochondria: “They supply ATP.” One point was earned for describing the 
function of the rough endoplasmic reticulum (“[t]he Rough E.R. modifys [sic] the proteins”).  
 
In part (b) 1 point was earned for explaining that prokaryotes have ribosomes (the response had 
previously explained the function of ribosomes).  
 
In part (c) 1 point was earned for the observation that mitochondria “has its [sic] own DNA.”  




