

    
      
          
            
  
Welcome to BioMetAll’s documentation!

BioMetAll is a command line application to allow the identification of metal-binding
sites in proteins from backbone preorganization.

[image: BioMetAll logo]
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Getting Started

This page details how to get started with biometall.





          

      

      

    

  

    
      
          
            
  
How to install

To install BioMetAll we provide two different options.

1 - You can donwload a standalone executable that you can run in
your terminal (Linux/macOS) or command prompt (Win10).

2 - You can install it through the PyPi repository.


Standalone executable

1 - Download the executable for your Operating System:


	Linux [https://drive.google.com/file/d/1CVPovkEldYhOQBK1h0NI0BfTD6JEF_3i/view?usp=sharing]. Tested on Ubuntu 16.04, 18.04 and 20.


	macOS [https://drive.google.com/file/d/1obcW3qWFfsq0XoS3ftdgqaVV8CX5HoCD/view?usp=sharing]. Tested on macOS 10.15 Catalina.


	Windows 10 [https://drive.google.com/file/d/18SNp6p1ejRhQqKhdvU_ikPKWA-cHU04j/view?usp=sharing]. Tested on Windows 10.





Tip

This executables have been created with PyInstaller [https://www.pyinstaller.org/] and have been tested on the indicated operating systems. If the executable doesn’t work in your specific distribution, it may be due to the lack of some operating system libraries. If that happens, we recommend installing the BioMetAll package from the PyPi repository (see below).






PyPi repository

To install BioMetAll from the PyPi repository, you should type in your terminal (Linux/macOS) or command prompt (Win10):

pip install biometall






Tip

To install packages from the PyPi repository, you must have Python >=3.5 and pip installed in your computer. An expanded explanation of the requirements for installing PyPi packages can be found here [https://packaging.python.org/tutorials/installing-packages/#requirements-for-installing-packages].






OS Compatibility

BioMetAll is compatible with Linux, macOS and Windows 10.

If you find some difficulties when installing it in a concrete distribution, please use the issues page [https://github.com/insilichem/biometall/issues] to report them.







          

      

      

    

  

    
      
          
            
  
Learning how a BioMetAll calculation works


Objectives

In this first tutorial, the goal is to understand all the options that BioMetAll has to personalize a calculation.

The only mandatory input for a BioMetAll calculation is a structure of the biological system that will be object of study. It can be provided in a .pdb file or by indicating its 4-character PDB code. In the latter case, the structure will be downloaded from the Protein Data Bank and saved in a xxxx.pdb file on the working directory.


Tip

BioMetAll can handle files with several chains, but if you are interested specifically in one/several of them, removing the non useful chains in your .pdb file is recommended.



Along this use case tutorial, the chain A of the PDB code 1dhy (KKS102 BPHC enzyme) will be used.




1. Executing the program with default parameters

To execute the exploration of possible metal-binding zones, you simply should call the executable of BioMetAll followed by the .pdb file path or the 4-character PDB code:

biometall <path/to/the/input_file.pdb>

or

biometall 1dhy





You will obtain a list of solutions (i.e. the possible coordinating environments), followed by the coordinates of the center of the area, its radius and the number of probes which match the coordination criteria. In the case of 1dhy, 39 solutions are obtained, being the first one an area formed by 44 probes.


	The results of the execution will be shown on the screen and saved in a results_biometall_1dhy.txt file in the working directory.


	The different coordinating environments will be ordered by number of probes that match that environment.


	If one probe matches several coordinating environments (e.g. [HIS:145:A HIS:193:A HIS:194:A ASP:243:A] and [HIS:193:A HIS:194:A ASP:243:A]), that probe is accounted in all the environments it matches.


	The center and radius provided for each solution defines the minimum sphere which contains all the probes of that solution.




In addition to the .txt results file, you can obtain a .pdb file containing the different coordination areas with their corresponding centers. To do so, you should use the –pdb parameter:

biometall --pdb 1dhy





It will output a probes_1dhy.pdb that you can open together with your original .pdb file in any visualization program:

[image: Movie]
Every solution is stored as Xeon atoms (probes, depicted in green) and a Helium atom (center of each coordinating environment, depicted in yellow). Each solution is stored as a different residue in the probes_1dhy.pdb file, so you can easily see which probes corresponds to each one. For example, for the first coordinating environment (probes in green and center in yellow sphere):

[image: Movie]



2. Executing with custom parameters

2.1. Filtering the results by number of probes (`–cutoff`)

By default, the program proposes as solutions all the coordinating environments. If you want to obtain solutions only with a high number of probes (i.e. wide areas where the metal could coordinate), you should use the cutoff parameter. For example, you can use a cutoff of 0.5 to obtain solutions with a number of probes >= half of the probes of the solution with highest number. In the 1dhy example, only solutions with number of probes >= 22 will be provided:

biometall --cutoff 0.5 1dhy





[image: Result of the execution]

	To show solutions with a number of probes higher than 40% of the highest scored:




biometall --cutoff 0.4 idhy





[image: Result of the execution]
2.2. Customizing which amino acids are considered as possible coordinators (`–residues`)

By default, the list of amino acids that are considered as potential metal coordinators is:


	::

	ASP, HIS, GLU, CYS





You can modify this list using the –residues parameter. You should indicate the amino acids in their 3-letter code, enclosed between brackets [] and separated by commas (without spaces). For example, to search for coordinating environments formed by a (much) more extended set of amino acids, you could type:

biometall --pdb --residues [ASN,ASP,CYS,GLN,GLU,HIS,MET,SER,THR,TYR] 1dhy





[image: Result of the execution]
2.3. Obtaining solutions with a minimum of coordinating amino acids (`–min_coordinators`)

By default, coordinating environments with a minimum of three amino acids are considered as valid solutions. If you want to change this number, it can be done with the –min_coordinators parameter.


	To show coordinating environments with a minimum of four amino acids:




biometall --pdb --min_coordinators 4 --residues [ASN,ASP,CYS,GLN,GLU,HIS,MET,SER,THR,TYR] 1dhy





[image: Result of the execution]
2.4. Adding solutions that match backbone oxygen atoms (`–backbone`)

The usual case when searching metal-coordinating amino acids is to search for atoms of their side chains, and that is the default in BioMetAll calculations. However, in some cases could be useful to consider coordinations with backbone oxygens. To do so, you should use the –backbone parameter, followed by a list of the amino acids that you consider potential coordinators in their bakcbone. You should indicate the amino acids in their 3-letter code, enclosed between brackets [] and separated by commas (without spaces). Also, you can indicate the word ALL if you want to consider coordination with backbone oxygen of all amino acids.

For example, to consider coordinations with backbone oxygens of histidines besides the standard side chains coordinations, you should type:

biometall --backbone [HIS] 1dhy





To consider coordinations with backbone oxygens of all amino acids and a minimum of four coordinators:

biometall --min_coordinators 4 --backbone ALL --residues [ASN,ASP,CYS,GLN,GLU,HIS,MET,SER,THR,TYR] 1dhy





[image: Result of the execution]

Warning

In this latter example, the minimum of coordinators refers to the sum of sidechains and backbone coordinations detected. An amino acid is counted double if it can be coordinated both by a sidechain atom and a backbone atom.



2.5. Defining a more dense (or scattered) grid (`–grid`)

BioMetAll defines a grid of points (i.e. probes) containing all the volume of your system. Each point of the grid is tested to see if it can be part of a coordinating environment. By default, points of the grid are generated with a separation of 1.0 Angstroms, but if you want a greater (or lower) detail, you can modify it using the –grid parameter. For example, to generate a grid with a separation of 0.5 Angstroms between probes:

biometall --grid 0.5 1dhy






Warning

grid parameter has direct implication in the computational time required to perform the calculation. It affects specially when –mutations option is used.



2.6. Defining a search zone (`–center` and `–radius`)

By default, the grid of probes is constructed to embed the whole system. If you have an specific zone that you want to search, it can be defined using the –center (for the center of coordinates of the zone) and –radius parameters. The coordinates should be enclosed between brackets [] and separated by commas (without spaces). For example:

biometall --center [84.98,42.82,16.04] --radius 10.0 1dhy





2.7. Defining how many processors are used for the calculation  (`–cores`)

By default, BioMetAll calculations are run in a parallel mode using all the physical cores available in your computer. If for some reason (e.g. you are running BioMetAll in a cluster of computers) you want to change it, you can use the –cores parameters to define how many physical cores will be used. For example, to use two cores:

biometall --cores 2 1dhy








3. Searching for a specific motif




4. Proposing mutations to complete a motif
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API Documentation







	biometall.run(inputfile[, min_coordinators, …])

	



	biometall.print_pdb

	



	biometall.clustering

	



	biometall._check_actual_motif

	



	biometall._check_possible_mutations

	



	biometall._calculate_center_and_radius

	



	biometall._grid

	



	biometall._parse_molecule

	



	biometall._counterSubset

	



	biometall._test_chunk

	



	biometall.parse_cli

	










          

      

      

    

  

    
      
          
            
  All modules for which code is available

	biometall.biometall




          

      

      

    

  

    
      
          
            
  Source code for biometall.biometall

"""
biometall.py
Software to predict feasible metal binding areas into proteins

Handles the primary functions
"""

import numpy as np
import sys
import time
import math
import os
import re
import multiprocessing
import psutil
import itertools
import copy
import urllib.request
from functools import partial
from ._version import get_versions

# BioMetAll modules
from .modules.data import DIST_PROBE_ALPHA, DIST_PROBE_BETA, ANGLE_PAB
from .modules.data import DIST_PROBE_OXYGEN, ANGLE_POC
from .modules.data import ALLOWED_FILE_TYPES
from .modules.grid import _chunk_size, _calculate_center_and_radius, _grid
from .modules.pdb import _parse_molecule, _print_pdb
from .modules.motif import _check_actual_motif, _check_possible_mutations

[docs]def run(inputfile, min_coordinators=3, min_sidechain=2,
        residues='[ASP,HIS,GLU,CYS]', motif='', grid_step=1.0,
        consider_backbone_residues='[]', cluster_cutoff=0.0, pdb=False,
        propose_mutations_to='', custom_radius=None, custom_center=None,
        cores_number=None, backbone_clashes_threshold=1.0,
        sidechain_clashes_threshold=0.0, cmd_str="", **kwargs):
    # Print header
    versions = get_versions()
    __version__ = versions['version']
    str_header = "You are running BioMetAll {}".format(__version__)
    print(str_header)
    print("*" * len(str_header))
    print("")

    filename, file_extension = os.path.splitext(inputfile)

    if motif:
        motifs = list(map(str, motif.strip('[]').split(',')))
        motifs_list = []
        for mot in motifs:
            motifs_list.append(list(map(str, mot.split('/'))))
        motifs = motifs_list
        motifs.sort(key=len)
    else:
        motifs = None
    if propose_mutations_to:
        mutated_motif = list(map(str,
                                propose_mutations_to.strip('[]').split(',')))
        mutated_motif_list = []
        for mot in mutated_motif:
            mutated_motif_list.append(list(map(str, mot.split('/'))))
        mutated_motif = mutated_motif_list
        mutated_motif.sort(key=len)
    else:
        mutated_motif = None

    #Set residues to consider as coordinating
    if propose_mutations_to:
        tot = mutated_motif_list + motifs_list
        residues = list(set(x for l in tot for x in l))
    elif motif:
        tot = motifs_list
        residues = list(set(x for l in tot for x in l))
    else:
        residues = list(map(str, residues.strip('[]').split(',')))

    # Control of a correct usage of parameters
    if propose_mutations_to and motif:
        #min_coordinators should be at least len(motif) + len(mutated_motif)
        if min_coordinators < (len(motifs) + len(mutated_motif)):
            min_coordinators = len(motifs) + len(mutated_motif)
    elif propose_mutations_to and not motif:
        print("To propose mutations is necessary to set a base motif with --motif parameter.")
        sys.exit()
    elif motif:
        #min_coordinators should be at least len(motif)
        if min_coordinators < len(motifs):
            min_coordinators = len(motifs)
            print("min_coordinators has been set to {} due to the motif length".format(len(motifs)))

    #Set residues to consider as coordinating in backbone oxygens
    if consider_backbone_residues == '[]':
        consider_backbone_residues = None
        min_sidechain = min_coordinators
    elif consider_backbone_residues == 'ALL':
        consider_backbone_residues = 'ALL'
    else:
        consider_backbone_residues = list(map(str, consider_backbone_residues.strip('[]').split(',')))


    t0 = time.time()

    if not cores_number:
        cores_number = psutil.cpu_count(logical=False)
    pool = multiprocessing.Pool(cores_number)

    #Parse inputfile to obtain atom coords
    if file_extension in ALLOWED_FILE_TYPES:
        with open(inputfile, "r") as f:
            lines = f.read().splitlines()
    elif file_extension == "":
        try:
            response = urllib.request.urlretrieve('http://files.rcsb.org/download/%s.pdb' % (filename), '%s.pdb' % (filename))
            file_extension = ".pdb"
            with open(filename + file_extension, "r") as f:
                lines = f.read().splitlines()
        except:
            raise Exception("The input should be a valid PDB code or a file of a valid type: " + str(ALLOWED_FILE_TYPES))
    else:
        raise Exception("The input should be a valid PDB code or a file of a valid type: " + str(ALLOWED_FILE_TYPES))

    centroid, radius, alphas, betas, carbons, nitrogens, oxygens, column_for_res, res_for_column, name_for_res, atoms_in_res, side_chains = _parse_molecule(lines, file_extension)

    #Alpha-Beta and Oxygen-Carbon distances for further use
    alpha_beta_distances = np.sqrt((np.square(betas-alphas).sum(axis=1)))
    oxygen_carbon_distances = np.sqrt((np.square(carbons-oxygens).sum(axis=1)))

    #Construct grid
    if custom_center and custom_radius:
        centroid = np.array(list(map(float, custom_center.strip('[]').split(','))))
        radius = custom_radius
    grid = _grid(centroid, radius, grid_step)

    #Split grid in chunks (to ensure a good use of the memory/processors)
    n = _chunk_size(len(grid), len(alphas), cores_number)

    grids = [grid[i * n:(i + 1) * n] for i in range((len(grid) + n - 1) // n )]

    coordination_chunks = pool.map(partial(_test_chunk, alphas=alphas,
                        betas=betas, carbons=carbons, nitrogens=nitrogens,
                        oxygens=oxygens, side_chains=side_chains,
                        alpha_beta_distances=alpha_beta_distances,
                        oxygen_carbon_distances=oxygen_carbon_distances,
                        name_for_res=name_for_res,
                        column_for_res=column_for_res,
                        res_for_column=res_for_column,
                        atoms_in_res=atoms_in_res,
                        consider_backbone_residues=consider_backbone_residues,
                        DIST_PROBE_ALPHA=DIST_PROBE_ALPHA,
                        DIST_PROBE_BETA=DIST_PROBE_BETA,
                        ANGLE_PAB=ANGLE_PAB,
                        bck_clashes=backbone_clashes_threshold,
                        sc_clashes=sidechain_clashes_threshold), grids)

    centers, mutations = clustering(coordination_chunks, residues, motifs, min_coordinators, min_sidechain,
                    consider_backbone_residues, mutated_motif, cluster_cutoff, filename, name_for_res, res_for_column, atoms_in_res)
    #Print results
    sorted_data = sorted(centers, key=lambda x: x[2], reverse=True)
    if motif:
        file_name_addendum = "_" + motif.replace("[", "").replace("]", "").replace(",", "_").replace("/", "-")
    else:
        file_name_addendum = ""
    if pdb:
        pdb_filename = "probes_%s%s.pdb" %(os.path.basename(filename), file_name_addendum)
        pdb_filename = os.path.join(os.path.dirname(inputfile), pdb_filename)
        _print_pdb(sorted_data, pdb_filename)

    mutations_width, radius_width, coord_width, probes_width, residues_width, pos_width = len('Proposed mutations'), len('Radius search'), len('Coordinates of center'), len('Num. probes'), len('Coordinating residues'), 1
    lines=[]
    for pos, one_center in enumerate(sorted_data,1):
        residues = []
        for res in one_center[0]:
            if not "_BCK" in res:
                residues.append(str(name_for_res[res]) + ":" + res)
            else:
                res_bck = res.split("_")[0]
                residues.append(str(name_for_res[res_bck]) + ":" + res_bck + "_BCK")
                continue

        residues_str = ' '.join(res for res in residues)
        coord_str = ' '.join([str(format(r, '.3f')) for r in one_center[1]])
        pos_str, radius_str, probes_str = str(pos), str(format(one_center[3], '.3f')), str(one_center[2])

        if propose_mutations_to:
            mutations_str = ' '.join([str(res) + ":" + str(mut) for (res,mut) in mutations[one_center[0]]])
            if len(mutations_str) > mutations_width:
                mutations_width = len(mutations_str)
        else:
            mutations_str = ''
        if len(pos_str) > pos_width:
            pos_width = len(pos_str)
        if len(coord_str) > coord_width:
            coord_width = len(coord_str)
        if len(probes_str) > probes_width:
            probes_width = len(probes_str)
        if len(residues_str) > residues_width:
            residues_width = len(residues_str)
        if len(radius_str) > radius_width:
            radius_width = len(radius_str)
        lines.append((pos_str, residues_str, coord_str, probes_str, radius_str, mutations_str))
    print(' {:>{pos_width}} | {:^{residues_width}} | {:{coord_width}} | {:{probes_width}} | {:{radius_width}} | {:{mutations_width}}'.format(
            '#', 'Coordinating residues', 'Coordinates of center', 'Num. probes', 'Radius search' , 'Proposed mutations', pos_width=pos_width, residues_width=residues_width, coord_width=coord_width,
            probes_width=probes_width, radius_width=radius_width, mutations_width=mutations_width))
    print('-{}-+-{}-+-{}-+-{}-+-{}-+-{}-'.format('-'*pos_width, '-'*residues_width, '-'*coord_width, '-'*probes_width, '-'*radius_width, '-'*mutations_width))
    for line in lines:
        print(' {:>{pos_width}} | {:<{residues_width}} | {:^{coord_width}} | {:>{probes_width}} | {:<{radius_width}} | {:<{mutations_width}} '.format(
                line[0], line[1], line[2], line[3], line[4], line[5], pos_width=pos_width, residues_width=residues_width,
                coord_width=coord_width, probes_width=probes_width, radius_width=radius_width, mutations_width=mutations_width))

    text_filename = "results_biometall_%s%s.txt" %(os.path.basename(filename), file_name_addendum)
    text_filename = os.path.join(os.path.dirname(inputfile), text_filename)
    f = open(text_filename, "w")
    str_header = "*****BioMetAll {}".format(__version__)
    f.write(str_header)
    f.write('\n')
    f.write(cmd_str)
    f.write('\n')
    f.write(' {:>{pos_width}} | {:^{residues_width}} | {:{coord_width}} | {:{probes_width}} | {:{radius_width}} | {:{mutations_width}} \n'.format(
            '#', 'Coordinating residues', 'Coordinates of center', 'Num. probes', 'Radius search' , 'Proposed mutations', pos_width=pos_width, residues_width=residues_width, coord_width=coord_width,
            probes_width=probes_width, radius_width=radius_width, mutations_width=mutations_width))
    f.write('-{}-+-{}-+-{}-+-{}-+-{}-+-{}-\n'.format('-'*pos_width, '-'*residues_width, '-'*coord_width, '-'*probes_width, '-'*radius_width, '-'*mutations_width ))
    for line in lines:
        f.write(' {:>{pos_width}} | {:<{residues_width}} | {:^{coord_width}} | {:>{probes_width}} | {:<{radius_width}} | {:<{mutations_width}} \n'.format(
                line[0], line[1], line[2], line[3], line[4], line[5], pos_width=pos_width, residues_width=residues_width,
                coord_width=coord_width, probes_width=probes_width, radius_width=radius_width, mutations_width=mutations_width))
    f.write("*****Calculation took {0:.2f} seconds".format(time.time() - t0))
    f.close()
    print("{0:.2f} seconds".format(time.time() - t0))


def clustering(coordination_chunks, residues, motifs, min_coordinators, min_sidechain,
            consider_backbone_residues, mutated_motif, cluster_cutoff, filename,
            name_for_res, res_for_column, atoms_in_res):
    dict_cluster = {}
    dict_mutations = {}
    centers = []
    if motifs:
        motif_possibilities = list(itertools.product(*motifs))
    if mutated_motif:
        mutated_motif_possibilities = list(itertools.product(*mutated_motif))
        residues_of_mutated_motif = set(x for l in mutated_motif for x in l)

    for probes, coordinations, discarded in coordination_chunks:
        coordinators = {}
        for possible_coord_name in residues: #Sidechain coordinations
            for probe_idx, res_idx in coordinations[possible_coord_name][0,:,:]:
                if not mutated_motif and (possible_coord_name != name_for_res[res_for_column[res_idx]]): #discarded due to different residue name
                    continue
                if probe_idx in discarded: #residue is discarded for that probe
                    continue
                elif ('CA' not in atoms_in_res[res_for_column[res_idx]]) or ('CB' not in atoms_in_res[res_for_column[res_idx]]):
                    continue
                else: #coordination is valid for that probe and residue
                    if probe_idx not in list(coordinators):
                        coordinators[probe_idx] = {res_idx: [possible_coord_name]}
                    else:
                        if res_idx not in list(coordinators[probe_idx]):
                            coordinators[probe_idx][res_idx] = [possible_coord_name]
                        else:
                            coordinators[probe_idx][res_idx].append(possible_coord_name)
        if consider_backbone_residues:
            for probe_idx, res_idx in coordinations["BCK"][0,:,:]:
                if probe_idx in discarded:
                    continue
                if (name_for_res[res_for_column[res_idx]] not in consider_backbone_residues) and consider_backbone_residues != "ALL": #discarded due to not searched residue
                    continue
                else: #coordination is valid for that probe and residue
                    if probe_idx not in list(coordinators):
                        coordinators[probe_idx] = {res_idx: [name_for_res[res_for_column[res_idx]] + "_BCK"]}
                    else:
                        if res_idx not in list(coordinators[probe_idx]):
                            coordinators[probe_idx][res_idx] = [name_for_res[res_for_column[res_idx]] + "_BCK"]
                        else:
                            coordinators[probe_idx][res_idx].append(name_for_res[res_for_column[res_idx]] + "_BCK")
        for probe_idx in list(coordinators):
            if motifs:
                #A minimum motif should be accomplished without mutations (contained in motifs/motif_possibilities)
                actual_motif_solutions = _check_actual_motif(motif_possibilities, coordinators[probe_idx], name_for_res, res_for_column)
            if mutated_motif:
                #The resting coordinators of each solution should be mutable to complete the propose_mutations_to motif
                mutation_motif_solutions = {}
                for actual_motif_solution in actual_motif_solutions:
                    resting_coordinators = copy.deepcopy(coordinators[probe_idx])
                    for r in actual_motif_solution:
                        del resting_coordinators[r]
                    mutation_motif_solutions = _check_possible_mutations(mutated_motif_possibilities, residues_of_mutated_motif, resting_coordinators)

            if motifs and mutated_motif and actual_motif_solutions and mutation_motif_solutions:
                #Searching for already present motifs plus proposing mutations
                #already present motifs
                for actual_motif_solution in actual_motif_solutions:
                    item = [probes[probe_idx], tuple(sorted([res_for_column[c] for c in actual_motif_solution]))]
                    if item[1] not in list(dict_cluster):
                        dict_cluster[item[1]] = [item[0]]
                    else:
                        dict_cluster[item[1]] += [item[0]]
                    #Mutation information
                    for m in list(mutation_motif_solutions):
                        if item[1] not in dict_mutations:
                            dict_mutations[item[1]] = {res_for_column[m]: [[el, 1] for el in mutation_motif_solutions[m]]}
                        else:
                            if res_for_column[m] not in dict_mutations[item[1]]:
                                dict_mutations[item[1]][res_for_column[m]] = [[el, 1] for el in mutation_motif_solutions[m]]
                            else:
                                for el1 in mutation_motif_solutions[m]:
                                    if el1 not in [el2[0] for el2 in dict_mutations[item[1]][res_for_column[m]]]:
                                        dict_mutations[item[1]][res_for_column[m]].append([el1, 1])
                                    else:
                                        for el2 in dict_mutations[item[1]][res_for_column[m]]:
                                            if el1 == el2[0]:
                                                el2[1] += 1
                                                break
            elif motifs and not mutated_motif:
                #Searching for already present motifs
                for actual_motif_solution in actual_motif_solutions:
                    item = [probes[probe_idx], tuple(sorted([res_for_column[c] for c in actual_motif_solution]))]
                    if item[1] not in list(dict_cluster):
                        dict_cluster[item[1]] = [item[0]]
                    else:
                        dict_cluster[item[1]] += [item[0]]
            elif not motifs and not mutated_motif:
                #Searching number of coordinators
                sidechain_coord = []
                bck_coord = []
                for item in list(coordinators[probe_idx]):
                    actual_residue_name = name_for_res[res_for_column[item]]
                    if actual_residue_name in coordinators[probe_idx][item]:
                        sidechain_coord.append(res_for_column[item])
                    if actual_residue_name + "_BCK" in coordinators[probe_idx][item]:
                        bck_coord.append(str(res_for_column[item]) + "_BCK")
                if ((len(sidechain_coord) + len(bck_coord)) >= min_coordinators) and (len(sidechain_coord) >= min_sidechain):
                    c = tuple(sorted(sidechain_coord + bck_coord))
                    for coord_environment in list(dict_cluster):
                        if set(c).issuperset(coord_environment):
                            dict_cluster[coord_environment] += [probes[probe_idx]]
                    coordination_possibilities = []
                    for i in range(min_coordinators, len(c)+1):
                        coordination_possibilities += list(itertools.combinations(c,i))
                    coordination_possibilities = [tuple(sorted(el)) for el in coordination_possibilities]
                    for el in coordination_possibilities:
                        sc_num = sum("BCK" not in L for L in el)
                        if (el not in dict_cluster) and sc_num >= min_sidechain:
                            dict_cluster[el] = [probes[probe_idx]]

    #Order Mutation information
    for coord_environment in list(dict_mutations):
        for residue in list(dict_mutations[coord_environment]):
            dict_mutations[coord_environment][residue].sort(key = lambda x: x[1], reverse=True)   #order every residue by number of probes
    for coord_environment in list(dict_mutations):
        dict_mutations[coord_environment] = sorted(dict_mutations[coord_environment].items(), key=lambda item: item[1][0][1], reverse=True)

    try:
        max_probes = max([len(v) for v in dict_cluster.values()])
    except:
        print("None possible coordinating sites have been found. Try again with other parameters or check/change the input file.")
        sys.exit()

    for coord_residues,probes in dict_cluster.items():
        if len(probes) >= max_probes*cluster_cutoff:
            center, radius_search = _calculate_center_and_radius(probes)
            centers.append((coord_residues, center, len(probes), radius_search, probes))

    return centers, dict_mutations

def _test_chunk(grid, alphas, betas, carbons, nitrogens, oxygens, side_chains,
                        alpha_beta_distances, oxygen_carbon_distances,
                        name_for_res, column_for_res, res_for_column,
                        atoms_in_res, consider_backbone_residues,
                        DIST_PROBE_ALPHA, DIST_PROBE_BETA, ANGLE_PAB,
                        bck_clashes, sc_clashes):
    alpha_distances = np.sqrt((np.square(grid[:,np.newaxis]-alphas).sum(axis=2)))
    beta_distances = np.sqrt((np.square(grid[:,np.newaxis]-betas).sum(axis=2)))
    carbon_distances = np.sqrt((np.square(grid[:,np.newaxis]-carbons).sum(axis=2)))
    nitrogen_distances = np.sqrt((np.square(grid[:,np.newaxis]-nitrogens).sum(axis=2)))
    oxygen_distances = np.sqrt((np.square(grid[:,np.newaxis]-oxygens).sum(axis=2)))

    PAB_angles = np.arccos((np.square(alpha_distances) + np.square(alpha_beta_distances) - np.square(beta_distances)) / (2*alpha_distances*alpha_beta_distances))
    POC_angles = np.arccos((np.square(oxygen_distances) + np.square(oxygen_carbon_distances) - np.square(carbon_distances)) / (2*oxygen_distances*oxygen_carbon_distances))

    coords = {}
    # include backbone coordinations
    if consider_backbone_residues:
        coords["BCK"] = np.dstack(np.where((DIST_PROBE_OXYGEN[0]<=oxygen_distances) & (oxygen_distances<=DIST_PROBE_OXYGEN[1]) &
                                (ANGLE_POC[0]<=POC_angles) & (POC_angles<=ANGLE_POC[1])))
    # include sidechain coordinations (Alpha+Beta)
    for res_name in list(DIST_PROBE_ALPHA):
        coords[res_name] = np.dstack(np.where((DIST_PROBE_ALPHA[res_name][0]<=alpha_distances) & (alpha_distances<=DIST_PROBE_ALPHA[res_name][1]) &
                                                (DIST_PROBE_BETA[res_name][0]<=beta_distances) & (beta_distances<=DIST_PROBE_BETA[res_name][1]) &
                                                (ANGLE_PAB[res_name][0]<=PAB_angles) & (PAB_angles<=ANGLE_PAB[res_name][1])))
    # If there is a clash (distance < bck_clashes) with a backbone atom,
    # no coordination is possible for that probe
    discarded = set(np.where((oxygen_distances<bck_clashes) |
                            (carbon_distances<bck_clashes) |
                            (nitrogen_distances<bck_clashes) |
                            (alpha_distances<bck_clashes))[0])

    if sc_clashes > 0:
        for sc_atom in side_chains:
            sidechain_distances = np.sqrt((np.square(grid[:,np.newaxis]-sc_atom).sum(axis=2)))
            discarded = discarded.union(set(np.where(sidechain_distances<sc_clashes)[0]))

    return [grid, coords, discarded]




          

      

      

    

  

    
      
          
            
  
biometall.run


	
biometall.run(inputfile, min_coordinators=3, min_sidechain=2, residues='[ASP, HIS, GLU, CYS]', motif='', grid_step=1.0, consider_backbone_residues='[]', cluster_cutoff=0.0, pdb=False, propose_mutations_to='', custom_radius=None, custom_center=None, cores_number=None, backbone_clashes_threshold=1.0, sidechain_clashes_threshold=0.0, cmd_str='', **kwargs)[source]
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# | Coordinating residues | Coordinates of center | Num. probes | Radius search | Proposed mutations

1 I I I I
2 I I I I
3 HIS:209:A GLU:258:A | 91.179 38.184 16.771 | 35 | 4.165 |
4 HIS:209:A GLU:260:A | 87.137 45.256 16.771 | 31| 3.351 |
5 HIS:193:A HIS:194:A | 75.014 45.256 21.822 | 30 | 3.031 |
6 GLU:258:A GLU:260:A | 89.158 40.204 14.750 | 29 | 7.355 |
7 | 79.55 43.235 16.771 | 22 | 3.031 |
8 | 89.158 41.214 16.771 | 22 | 2.858 I
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# | Coordinating residues | Coordinates of center | Num. probes | Radius search | Proposed mutations

1 | HIS:193:A HIS:194:A ASP:243:A | 79.055 43.235 18.791 | 44 | 5.891 |
2 | HIS:145:A HIS:193:A HIS:194:A | 81.076 46.266 16.771 | 36 | 3.643 |
3 | HIS:208:A HIS:209:A GLU:258:A | 91.179 38.184 16.771 | 35 | 4.165 |
4 | 87.137 45.256 16.771 | 31| 3.351 |
5 | HIS:188:A HIS:193:A HIS:194:A | 75.014 45.256 21.822 | 30 | 3.031 |
6 | HIS:209:A GLU:258:A GLU:260:A | 89.158 40.204 14.750 | 29 | 7.355 |
7 | HIS:193:A HIS:194:A HIS:240:A | 79.055 43.235 16.771 | 22 | 3.031 |
8 | HIS:208:A GLU:258:A GLU:260:A | 89.158 41.214 16.771 | 22 | 2.858 |
9| | 80.665 47.276 19.801 | 20 | 3.780 |
10 | | 76.024 43.235 20.812 | 18 | 3.031 I
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