
Question 4 

Rubisco is a key enzyme in the dark phase of photosynthesis, and is the most abundant protein on 
Earth. It makes up roughly 50% of the protein content of chloroplasts.  Rubisco catalyzes the 
addition of one molecule of CO2 to a five carbon sugar ribulose 1,5-biphosphate. The resulting six-
carbon sugar is unstable, and splits into two molecules of 3-phosphoglyceric acid.  

a) You happen to have some 14CO2 around your lab, so you decide to place your favorite fichus 
into a large hermetically sealed container, and pump some 14CO2 into the container to mix with 
regular atmosphere already in there. After some time, you move the fichus to a non-radioactive 
environment. A quick read with a Geiger counter reveals that the plant is now slightly 
radioactive. 

i.	 If you moved the plant after 1 minute, and analyzed the cells immediately, where 
would you expect to find radioactivity? Circle all that apply: 

Evenly distributed throughout the cell carbohydrates 

Mostly in the chloroplasts     nucleic acids 

Mostly in the nucleus proteins 

Mostly in the mitochondria lipids 

ii.	 If you moved the plant after 1 minute and analyzed the cells the next day, would your 
answer change? Why or why not? 

iii.	 If you moved the plant the next day, where would you expect to find radioactivity in a 
fichus leaf cell? Circle all that apply: 

Evenly distributed throughout the cell carbohydrates 


Mostly in the chloroplasts     nucleic acids 


Mostly in the nucleus proteins 


Mostly in the mitochondria lipids 


Justify your answer(s) 
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Question 4, continued 

iv. You dream that your pet goat eats your experimental plant.  In such a scenario, where 
would you now find 14CO2? 

Rubisco is a very inefficient enzyme—it only processes about three CO2 molecules per second. 
Inside a plant chloroplast it forms large complexes with eight active sites in each.  The complex 
does not appear to be allosterically regulated—each subunit appears to be very rigid, and each 
active site operates independently from all other active sites in the complex. Recall that 
chloroplasts are small organelles. 

b) Propose a hypothesis for why Rubisco forms large complexes, and an experiment to test this 
hypothesis. Assume that you can create cells with any kind of mutant Rubisco protein you 
would like. 
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Question 4 

Rubisco is a key enzyme in the dark phase of photosynthesis, and is the most abundant protein on 
Earth. It makes up roughly 50% of the protein content of chloroplasts.  Rubisco catalyzes the 
addition of one molecule of CO2 to a five carbon sugar ribulose 1,5-biphosphate. The resulting six-
carbon sugar is unstable, and splits into two molecules of 3-phosphoglyceric acid.  

a) You happen to have some 14CO2 around your lab, so you decide to place your favorite fichus 
into a large hermetically sealed container, and pump some 14CO2 into the container to mix with 
regular atmosphere already in there. After some time, you move the fichus to a non-radioactive 
environment. A quick read with a Geiger counter reveals that the plant is now slightly 
radioactive. 

i.	 If you moved the plant after 1 minute, and analyzed the cells immediately, where 
would you expect to find radioactivity? Circle all that apply: 

Evenly distributed throughout the cell carbohydrates 

Mostly in the chloroplasts     nucleic acids 

Mostly in the nucleus proteins 

Mostly in the mitochondria lipids 

ii.	 If you moved the plant after 1 minute and analyzed the cells the next day, would your 
answer change? Why or why not? 

After 1 minute, we would expect most of 14C to be either in the form of 3-phosphoglyceric acid, 
ribulose 1,5-biphosphate (that is regenerated from 3-phosphoglyceric acid), or in another 
carbohydrate in the glucose-generating pathway. If the plant is removed and the leaves are taken for 
analysis after 1 minute, but are not actually analyzed until the next day, we would expect some 
metabolic processes to happen in the leaves in the intervening time, such that some 14C would end up 
in other molecules in the cells. 

iii.	 If you moved the plant the next day, where would you expect to find radioactivity in a 
fichus leaf cell? Circle all that apply: 

Evenly distributed throughout the cell 	 carbohydrates 

Mostly in the chloroplasts 	 nucleic acids 

Mostly in the nucleus 	 proteins 

Mostly in the mitochondria 	 lipids 

Justify your answer(s) 

CO2 that is fixed from the atmosphere is used to make glucose that is then used in many intersecting 
pathways in the cell. Glycolysis is used to make ATP, while other pathways lead to making of 
nucleotides, amino acids, and fats. In short, all mass was (at some point) gas. 
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Question 4, continued 

iv.	 You dream that your pet goat eats your experimental plant.  In such a scenario, where 
would you now find 14CO2? 

The goat would use 14C acquired from the plant in all aspects of its metabolism. Some of it would exit 
in excrement, some would be used to build new molecules in goat’s cells, and some would be respired 
out in the form of 14CO2. 

Rubisco is a very inefficient enzyme—it only processes about three CO2 molecules per second. 
Inside a plant chloroplast it forms large complexes with eight active sites in each.  The complex 
does not appear to be allosterically regulated—each subunit appears to be very rigid, and each 
active site operates independently from all other active sites in the complex. Recall that 
chloroplasts are small organelles. 

b) Propose a hypothesis for why Rubisco forms large complexes, and an experiment to test this 
hypothesis. Assume that you can create cells with any kind of mutant Rubisco protein you 
would like. 

One hypothesis would be that because the room inside the chloroplasts is limited, Rubisco forms tight 
complexes such that the most active sites can be exposed in the least amount of space. 
One way to test this hypothesis is by creating cells where the only Rubisco protein is the mutant that can not 
form these large complexes. The model behind our hypothesis would then predict that in such cells, a lot less 
CO2 would get fixed, resulting in a lot less energy and raw materials available for the cell. It is reasonable to 
expect that an organism consisting of this type of cells would have stunted growth.  
Therefore, if the mutant plant exhibits shunted growth, the result would be consistent with our hypothesis. If 
not, our hypothesis would be proven wrong, and we would have to start again. 
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