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Scop3D – Manual Download The executable (scop3D) of scop3D can be downloaded from: For windows http://genesis.ugent.be/downloadredirect.php?toolname=scop3D-windows for linux http://genesis.ugent.be/downloadredirect.php?toolname=scop3D-linux for mac http://genesis.ugent.be/downloadredirect.php?toolname=scop3D-mac



System requirements Scop3D works on Linux, Windows and Mac. The final figures are, however, not yet available for Mac. The multiple sequence alignment is performed with the aid of MUSCLE (Edgar 2004) which is freely available at: www.drive5.com/muscle. To generate the snapshots of the protein, CCP4mg (McNicholas et al. 2011) is needed. CCP4mg is freely available at www.ccp4.ac.uk/MG. Both MUSCLE and CCP4mg need to be installed. Scop3D is written in Python (www.python.org), hence Python has to be installed. Python is publically available at: www.python.org.



Example: human apoptotic initiator caspases. The major actors in programmed cell death are caspases. These proteins belong to a family of cysteine proteases that, after activation by extracellular signals such as the presence of TNF or activation by intrinsic factors such as stress or genotoxic damage, selectively proteolyze downstream substrates, hence triggering a cascade of events which results in apoptosis. Caspases also play a role in inflammation, cell proliferation and cell differentiation (Fuentes-Prior and Salvesen, 2004). Their name emanates from both their function and specificity: they are cysteine proteases that specifically cleave C-terminal of an Asp (cysteine-dependent aspartate-specific proteases). Depending on their position in the cascade, they are called initiator caspases or executioner caspases and are located at the start or more downstream in the cascade, respectively (Pop and Salvesen, 2009). Their active site is a catalytic dyad composed of a Cys which acts as the nucleophile and a His which is the proton donor. Apart from their P1 subsite which is specific for Asp, also their P2, P3 and P4 subsites contribute to substrate specificity. But here, there are differences between caspases (Pop and Salvesen, 2009). To illustrate the usage of scop3D, we will analyze the variation among the human apoptotic initiator caspases: casp-2, casp-8, casp-9 and casp-10.
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Step 1: retrieval of the caspase sequences Human casp-2 -> uniprot id P42575 Human casp-8 -> uniprot id Q14790 Human casp-9 -> uniprot id P55211 Human casp-10 -> uniprot id Q92851



Sequence variants have to be presented in fasta-format but can originate from several resources such as UniProt (The UniProt Consortium 2014 – www.uniprot.org) or NCBI (www.ncbi.nlm.nih.gov/protein). User-specific sequences can be used as well.



Step 2: scop3d input 



The ‘project’ tab



- Project: here you can provide a memorable name of the project. - FASTA file: the FASTA file that contains the sequence variants of interest. - Output location: the location where the output will be saved. !!! The usage of the space character in file names or directory names should be avoided. !!! Scop3D does not function when irregular characters are used.
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The ‘pdb’ tab



Here, you can choose either to perform a BLAST (Johnson et al. 2008) against the PDB (Berman et al. 2000) using Biopython (Cock et al. 2009) with the consensus sequence as query sequence to identify the closest homologous structure, or to load a local PDB file instead.







The ‘settings’ tab



Threshold consensus sequence This threshold is of importance for the calculation of the consensus sequence which is calculated with the aid of BioPython. It specifies how common a particular residue has to be at a position before it is added to the consensus sequence. The default of this threshold is 0.7 (70%) as defined by BioPython. The usage of a lower value is advised when there are a low number of sequence variants. Here, the user also has to specify the directory in which MUSCLE and CCP4mg are located.
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The output



This tab allows the user to choose what type of output he wants. By default, all output possibilities are ticked.



Step 3: scop3d is running Scop3D is composed of two parts:



The first part focuses on the analysis of sequence conservation. Here, the first step that is performed is a multiple sequence alignment of the provided sequence variants with the aid of MUSCLE. From this multiple sequence alignment, the consensus sequence (BioPython), the abundance matrices and a SequenceLogo are determined. The latter is calculated with the aid of WebLogo (Crooks at al. 2004), a package that is available for Python.
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The second part involves structural annotation. The protein structure needed can originate from the PDB or from a local file (from own experiments or homology modelling). If no protein structure is available, scop3D provides the option to identify a homologous structure through an online BLAST search of the consensus sequence against the PDB using BioPython.



A window (see above) with the calculated consensus sequence which will be used for the BLAST search pops up. When the BLAST search is performed, the user can choose which structure he wishes to continue with. The five best hits are given.



Important to notice is that the information about which chain that is homologous to your protein variants is given within the BLAST results. If the pdb-entry is composed of multiple chains, the user has the option to choose which chain has to be adjusted. The output given in the BLAST results can be used by the user to guide the chain selection.
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Step 4: scop3d output A ‘see CCP4mg’ button is available on both image pages. This button allows the user to open CCP4mg with the structure loaded (entropy adjusted when on the entropy page or abundance adjusted when on the abundance page). As such, the user can center on the region of the structure which his focus is on. Moreover, this button allows the user to choose the type of representation and finally, to create his own figures. In the output directory, several sub-directories are created.  Alignments This directory contains the multiple sequence alignment  Fasta This directory contains the fasta-file that was provided as input.  Matrices This directory contains the matrices that are calculated during the sequence analysis. The matrices can be extended with modified residues; they not only take the 20 standard amino acids into account. If the user knows the modified residues and their position in the sequence, he can assign them a value (for example: B, J, O, U, X) which will then be taken into account into the further calculation. 



Pictures Here, the user can find the snapshots of the protein that have been generated.



Fasta_cons_x.fasta This file contains the consensus sequence and the sequence of the chain of which the B-factors have been adjusted. Both are given in fasta-format. Pairwise_aln_cons_x.clw This file contains the pairwise alignment between the consensus sequence and the sequence of the chain of which the B-factors have been adjusted. Info.txt Here, the user can find a summary of the outcome of the different steps scop3D has run through. My_blast.xml This file is generated if the protein structure was obtained through a BLAST search and contains the output of this search. myOutfile_abundance.pdb This is the PDB-file that contains the B-factors adjusted for the degree of conservation. myOutfile_amount.pdb This is the PDB-file that contains the B-factors adjusted for the entropy. Sequence_logo.eps This file contains the sequence logo of the sequence variants.
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Human inflammatory caspases and scop3D Scop3D was used to analyze the variation surrounding the substrate binding sites of the human apoptotic initiator caspases (casp-2, casp-8, casp-9 and casp-10). The sequences, in fasta-format, of these caspases were retrieved from UniProt. The threshold for the consensus sequence was set at 0.3 and PDB-entry 4JJ7 (human casp-8) (Vickers et al. 2013) was used as protein structure.



As can be seen, the residues (Arg) that line P1 are well conserved (blue) and account for the high specificity towards Asp.



On the other hand, the residues that line P2, P3 and P4 are less conserved among the apoptotic initiator caspases. These positions account for the difference in substrate specificity among the different caspases.



Please remark that these figures are generated with the aid of PyMol while the figures generated within Scop3D are created with the aid of CCP4mg. This might explain differences in the visualization. Scop3D provides the adjusted pdb-files, hence one is free to choose which visualization software the use.
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