
Multifunctional Proteins 
 
Objective: To give a presentation of about 60 minutes at the end of the week covering the key aspects of the 
comparison of protein with multiple functionalities.   
 

Many cases of proteins with multiple functions are now known.  The extra function has almost always come as a 
surprise and was discovered serendipitiously.  The true extent of multiple functionalities is unknown and would 
be of great interest to evaluate.   Proteins consist of many atoms and have complex movements of time spans of a 
μ-second to a second, so theoretically it would be possible pack many actions into one protein.    To exemplify, 
describing the action of 1 protein could entail the positions of 104 atoms and to describe its motion in 1 μ-second 
would need 109 time steps, in total 1013 coordinates.  Its function might be summarized by one action (such as 
hydrolyzing 1 bond) in this time period. However, designed machines are different from evolved machines and 
these numbers also illustrate that there could be room for several functions, possibly many.  Moonlighting 
proteins are clearly understudied and could be extremely important in the biology of an organism. A series of 
question could be addressed by standard methods of molecular evolution.  However, hard questions would 
remain and could not be solved by computational methods alone – hard experimental evidence on many more 
moonlighting proteins would be needed.    
 
It is of interest to  
 

1. Tabulate known cases of moonlighting proteins  
2. Evolutionary modeling the phenomena of moonlighting 
3. Measuring selection strength of known moonlighting proteins 
4. If possible to separate the selection into component stemming from the two functionalities? 
5. Is it possible to assign functional constraint to individual positions from the two functionalities with 

homologous proteins that have combinations of the functionalities  
6. Dating the acquisition of a newest function 
7. Detecting multiple functions from structure, molecular evolution and molecular dynamics 

 
The Big Questions Are: 
How do you define function and make a statement that a protein has several functions? 
How do multiple functionalities arise? 
How widespread is multifuctionality in proteins? 
How do you prediction funtion for a protein?  
Are there examples of multifunctionality higher than two? 
Is it found in other molecules/structures than proteins?  
Which principles could be used to detect multifunctionality? 
How frequent is an extra functions gained/lost?  
Is there a trend in which of function can be gained/lost?  

 
Maximal Contents of Presentation 
The scientific history of multifunctionality in proteins 
Description of key examples of multufunctionality 
How is multifunctionality detected?  
How is multifunctionality predicted? 
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