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Molecular Modelling of Plant Proteins 
Student Sheet
Introduction
Carbon is essential to all forms of life; however, carbon in the atmosphere is locked in oxidised forms, such as carbon dioxide gas. Powered by the energy of sunlight, plants perform the central task of carbon fixation, i.e. they transform the oxidised forms of carbon into sugars, like glucose.

Inside plant cells, one of the most important and abundant enzymes on Earth, ribulose 1,5-bisphosphate carboxylase/oxygenase (RuBisCO) catalyse the fixation of inorganic Carbon into organic molecules in one step. This organic carbon molecule can then continue in the photosynthesis process to produce glucose in the Calvin Cycle. 

RuBisCO is a globular molecule with a number of small and large subunits and is going to be the central molecule used in this practical. This activity will allow you to explore protein structure and consider the different interactions within proteins.

At the end of this activity you should be able to: 1) Recall the levels of protein structure including primary, secondary, tertiary and quaternary structure with emphasis on RuBisCO protein; 2) Understand the 3D structural difference between fibrous and globular proteins and 3) Achieve competency in using computer molecular modelling toward the A level practical endorsement.



Instructions 

Structure view of RUBISCO

1. Open the webpage from RCSB protein data base at 

http://www.rcsb.org/pdb/home/home.do (figure 1).
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2. Search for the RuBisCO protein by writing the code 1GEH on the search bar. This will lead to a new page that allows the user to refine the search and/or compare similar proteins from another organism or different experimental methods.
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3. You can now click on the RuBisCO protein link and choose to visualise the structure in JSmol.

JSmol Viewer

1. The viewer is to the left and the control panels are to the right. If you click and drag the mouse in the viewer you will see the structure rotate. You can also zoom the structure by clicking the middle button and dragging. 
2. Take a minute to get familiar with these controls. JSmol automatically displays a cartoon representation of the protein structure. This representation represents the polypeptide chain of the protein, but uses flat strands to show beta strands and curly ribbons to show alpha helices. The chain can also be coloured in rainbow colours from red to blue from one end of the chain to the other, so you can follow the chain as it folds into this complex structure (display options>color>rainbow). 
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To switch to a view that shows all atoms, you need to change to ball and stick on the display options on the right as shown in figure 3.  
4. To switch to a view that shows the globular structure of the protein, you need to change to space fill as previous step. 
5. Once you are familiar with the different representations of the protein structure you can start to observe interactions within the structure. Click on the box H-bonds and SS bonds on the display options. This will allow you to observe how H-bonds allow protein folding and interactions between different subunits. 

6. Several proteins interact with other small molecules called ligands. RuBisCO interacts with a sulphate ion. In display options click in style and select ligands. How many ligands can you see? Now you can select ligands and pockets. Observe the interaction between Rubisco and its ligand

7. You can zoom in and out and rotate the molecule.

8. Once you have finished analysing the RuBisCO protein you can analyse the collagen molecule by going back to step 2 and search for the code 1CGD on the search bar.

9. Which differences could you observe between RuBisCO and collagen?

Molecular Modelling of Plant Proteins

Student Sheet
Questions

1. How many subunits can you observe in RuBisCO protein?
2. What compound can you see interacting with the proteins? 
3. How many subunits can you observe in collagen protein?

4. Compare the difference between globular protein and fibrous?

5.   Biochemists describe four levels of protein structure, i.e. primary, secondary, tertiary and quaternary structure.

a. When does a protein lack a quaternary structure?

b. Give one example of an interaction between the variable groups of amino acids that contributes to a protein’s tertiary structure.

c. Which of these interactions could you observe in RuBisCO and in Collagen?

Stretch and challenge

Research how scientists use computer modelling techniques in drug discovery research.

Science & Plants for Schools: www.saps.org.uk
Molecular modelling of plant proteins – Student Sheet: p. 3
Resource 1397, Version 1.1 (revised 2020)

