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Molecular Modelling of Plant Proteins 

Technical & Teaching Notes
Introduction and context
Computer Modelling
This practical activity aims to develop students understanding of primary, secondary and tertiary structure of proteins through computer protein modelling. Computer modelling can create 3D interactive images to support the student to visualize different interactions between amino acids within a molecule. 
This resource can be used to achieve competency in computer modelling towards the new practical skills endorsement for A level Biology (2015 specifications). 

The learning outcomes of this activity are: 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 practical competency in using computer molecular modelling.
RuBisCO 

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, such as glucose.
Within plant cells, one of the most important and abundant enzymes on Earth, ribulose 1,5-bisphosphate carboxylase/oxygenase (RuBisCO) catalyses the fixation of inorganic carbon into organic molecules in one step. This organic carbon molecule can then continue in the process of photosynthesis 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.


Safety Notes

This activity is completely based on computer or tablet and the only safety note should be regarding usage of electrical equipment according to the school Health and Safety policy.



Apparatus

· Computers or tablets (class set)
· Chrome or Firefox browsers
· Access to internet


Teaching Notes
This activity can be performed in computers or tablets. On computers the online software works better using Firefox or Chrome browsers. This activity works better if the teacher computer is plugged into a projector.
The PDB protein data base is the single worldwide repository of information about 3D structures of proteins and nucleic acids and can be used as a research tool for extension activities. http://www.rcsb.org/pdb/home/home.do.
The code for the RuBisCO protein, 1GEH, should be inserted into the box highlighted below.
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Guidance on how to observe the proteins is given on the Student’s Sheet. The Student Support Sheet asks students to consider several aspects of protein structure.

Steps 8 and 9 can be used as extension work. Collagen is a fibrous protein and students will be able to clearly visualise the differences between fibrous and globular proteins. The investigation could be completed in a single lesson. 


Answers to Students’ sheet
Questions

1. How many subunits can you observe in RuBisCO protein? 9 subunits
2. What compound (ligand) can you see interacting with the proteins? A sulphate ion
3. How many subunits can you observe in collagen protein? 3 subunits
4. Compare the difference between globular protein and fibrous? Give 2 examples of globular and fibrous proteins
	Feature
	Globular proteins
	Fibrous protein

	3D shape
	Secondary structure twists and folds into a compact ball-like structure
	Secondary structure twists into rope-like shape

	Solubility in water
	high
	low

	Examples
	All kind of enzymes, RuBisCO, Heamaglobin
	Collagen, fibrin, keratin
Normally associated with structural functions


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? More than one subunit.
b. Give one example of an interaction between the variable groups of amino acids that contributes to a protein’s tertiary structure. Disulphide bond, hydrogen bonds, ionic bonds, van der Waal interactions or hydrophobic interactions.
c. Which of these interactions could you observe in both RuBisCO and in Collagen? Hydrogen bonds


Sample data

The figure below shows the structure of RuBisCO, highlighting the different subunits.
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Further Investigations 

Students could use the same instructions to analyse different proteins. Learner could also research the benefits of using computer modelling in drug discovery.
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