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Protein immobilization while widespread to unlock enzyme potential in biocatalysis, remains tied to the trial an 
error approach. Nonetheless, several databases and computational methods have been applied for protein 
characterization and their study. CapiPy is a user-friendly application for protein model creation and subsequent 
analysis with special focus on the ease of use and interpretation of the results to help in the decision of which 
immobilization approach would be ideal for a protein of interest. The package has been tested with two separate 
random sets of 150 protein sequences from Uniprot with more than a 70% overall success rate. 
The package is free to use under the GNU General Public License v3.0. All necessary files can be downloaded 
from https://github.com/drou0302/CapiPy. All external requirements are also freely available, with some 
restrictions for non-academic users. 

1 Introduction  
The use of enzymes to replace typical catalysts has attracted enormous attention as an alternative to 

traditional chemical synthesis for the many advantages it presents (Sheldon and Woodley 2018; Tamborini et al. 
2018). Nonetheless, stabilization of this macromolecules is often needed to avoid the loss of catalytic activity. 
To overcome these limitations, immobilization of proteins has emerged as one of the most promising techniques 
to stabilize them and allow their reuse (Bommarius and Paye 2013; Romero-Fernández and Paradisi 2020). 
Although the great expectations and its widespread use, this technique is still very unpredictable and thus, the 
optimization must be done for each protein individually via a trial and error approach. This greatly affects not 
only the real its applicability but also increases the experimental effort needed. CapiPy, the package presented 
here, allows scientists with know-how of protein immobilization, to unlock the potential of bioinformatics as a 
support tool for their experimental design.  

2 CapiPy description 
CapiPy is a python based tool with graphical interface, based on Biopython (Cock et al. 2009) and using 

PySimpleGUI, that can be easily installed and run in an Anaconda environment. It is freely available, well 
documented and designed to be user-friendly, even for inexpert users incorporating executable files (batch or 
sh, depending on the system). Although it is thought to be utilized sequentially certain functionalities are also 
provided as a stand-alone to maximize its flexibility. The codebase and installation have been tested in all newest 
versions of the main operating systems (Windows 10, MACOS Catalina and Ubuntu 20.02 LTS) and the 
instructions are clearly indicating the necessary packages and software installation to ensure smooth CapiPy 
operation. 

Blast and Modelling  
The script uses BLAST (Camacho et al. 2009) to search against the Protein Data Bank database only. The blast 

result is stored, and the best hit is used (after user confirmation) as a template to create a model using 
MODELLER (Webb and Sali 2014). In addition, if the template presents more than one chain in the original 
structure, the created model is cloned and superimposed to match the quaternary structure. The goodness of 
the final multimeric model is assessed with the RMSD compared to the template protein. 



Active site identification 
To identify the active site, both UniProt (Bateman 2019) and the M-CSA (Ribeiro et al. 2018) databases are 

used. Either the retrieved sequence form UniProt or the best hit from the subset of M-CSA with similar EC 
number is aligned using ClustalW2. To avoid false results, if the identity between both sequences is lower than 
a 15%, no active site is calculated while if it falls between 15-40%, a warning is embedded in the final result. The 
results are stored in a text file with all the retrieved information.   

Surface and residue clustering 
This script is designed to, simply from a structural representation of the protein of interest, calculate the 

minimum bounding box and volume of the protein (Guardado-Calvo 2018) and the exposure of each residue of 
the structure. Exposition is calculated using the half-sphere exposure measure (Heffernan et al. 2016; Song et 
al. 2008) to classify all residues in three categories: buried, semi-exposed or exposed. The exposed subset is then 
analyzed to find clusters (defined as a group of 3 or more residues with their Cα at less than 10Å) classified in 
one of 5 categories: positively charged, negatively charged, hydrophobic, lysine clusters or histidine clusters. 
This clusters, are saved in a PyMOL script file for easy visualization. Additionally, the possible interaction of any 
of this clusters to either the interchain interface, the active site residues or any user-specified residue can be 
assessed. If the specified residues are at less than 10Å distance, a warning is printed into the file.   

Immobilization literature retrieval 
The last script included in the package combines the information obtained from UniProt, by blasting the query 

sequence against the Swiss-Prot database, to retrieve the keywords to be searched in PubMed. Therefore, the 
details of the 20 most relevant scientific publications are conveniently stored in an Excel compatible file. 

CapiPy performance 
CapiPy has been tested with 2 sets of 150 randomly retrieved sequences from UniProt database with known 

EC number. No bias depending on the size, quaternary assembly or EC code was detected (supplementary 
dataset), with more than 70% overall success rate. The most common bottlenecks identified were the lack of 
high homology models either for the modelling, superposition or active site identification.   

 

Figure 1: Scheme of CapiPy’s workflow. The information and general pipeline of each module is detailed in 
the scheme above. Transparent grey lines indicate the information can be shared between different scripts.  



3 Conclusions 
CapiPy, for its ease of installation, handling and result interpretation, constitutes a useful tool for scientists in 

the biocatalysis field with special focus on protein immobilization. Further work is now under development to 
expand CapiPy’s functionality and compatibility with broadly used software, such as PyMOL or UCSF Chimera as 
well as better linkage between the experimental data and the generated by the package.  
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