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Abstract 
 

Repeat proteins represent an important class of proteins which, in nature, have been used for 
a variety of functions. Many repeat proteins in nature are used as dynamic protein scaffolds. 
Repeat proteins display unique folding properties whereby, each repeat domain folds largely 
independently of the overall protein, only interacting with its nearest neighbours. Accordingly, 
each repeat domain adopts different conformations depending on the context it is found in. 
Recently improvements in methods targeted at rapidly designing de novo repeat proteins have 
been developed, however, incorporating the dynamic aspects of these proteins into the design 
has largely been ignored. Here we simulated and analysed a series of repeat protein domains 
to assess their dynamics and classify the resulting ensemble of structures into a small 
representative set of conformations. To accomplish this, we utilised metrics such as RMSD 
and developed Dynamatch, a python tool which maps structural perturbations to rigid body 
transforms, to extract dynamic information from each domain. Analysing structural 
conformations from each domain we demonstrate that they were most commonly found in 
conformations deviating little from the reference structure. Comparison of the behaviours of 
modules in different contexts was shown to have an impact on the conformational set they 
were able to sample. We aim to use information gained on the dynamic properties of these 
repeat domains to better guide the design of repeat proteins with an emphasis on enabling 
design towards more functional proteins. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 











https://github.com/joy13975/elfin
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Methods 
 

Repeat protein database construction 
To analyse the dynamics of all modules in every environment, a library of RPs was designed 
to include all possible environments for all modules. The construction of the RP database 
utilised 34 modules from the overall repeat module database, described in 7,20. 





https://github.com/vlamacko/ppmp




https://scikit-learn.org/stable/modules/clustering.html#clustering




http://www.gromacs.org/
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while most of these modules contain D53 interfaces D53 itself is very rigid with a maximum 
peak of 0.21 and standard deviation of 0.20.  

It is likely that the small changes in RMSD observed in the majority of contexts are caused by 
minor rearrangements made to the structure to accommodate alternative packing triggered 
during Rosetta relax. Analysis of the average standard deviation, which in almost all cases is 
observed to be greater than the average maximum peak, may suggest that the data are very 
disperse perhaps and each module is able to adopt a wide range of continuous structures. 
However, when the average number of peaks is considered (>1 in all modules) the unusually 
high standard deviation may instead be due to the spread of data across multiple gaussian 
peak distributions, which would instead suggest that modules adopt a small number of discrete 
conformations rather than a continuous set. Manual inspection of each distribution also 
suggests that this is the most likely scenario. That said, in some contexts where the distribution 
is observed to be unimodal with a broad spread a more continuous set of conformations is 
more likely. In the three cases where the average standard deviation is lower, the modules in 
question have a very small range of RMSD values across all its contexts. 
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Table 1 - Depicts the general statistics for each module. For each statistic the value was calculated 
for each context, then contexts with the same central module were pooled and the mean was 
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