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1 Abstract: To date, Cartesian (x, y, z) coordinate system (CCS) has been the default approach to
> geometrically specify atomic spatial positions in protein structures since the launch of Protein Data
s Bank (PDB) in 1971. To this end, this paper proposes a local spherical coordinate system (SCS)
« approach as an alternative to the default approach and a previously reported global SCS approach.
s Thelocal SCS approach here requires only two parameters (0 and ¢), instead of x, y and z as required
¢ by the default CCS approach. Essentially, CCS and SCS are like the two sides of one coin, i.e.,
»  geometric coordinate system for three-dimensional position specification. Therefore, this paper
s furthermore argues that it is time to flip the coin over, and have a look at the other side of the coin,
o e.g., thelocal SCS approach, which possesses an intrinsically lower degree of descriptional complexity
10 than that of the default CCS approach, and constitutes a potentially useful alternative perspective for
1 all protein structural research field.
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s+ 1. Introduction

"

15 Protein Data Bank (PDB) is the primary database for experimentally determined biomolecular
1e  structures [1]. In PDB-format files, Cartesian coordinate system (CCS) is currently the default system
1z (%, Y, z) used to specify atomic positions in protein structures since the launch of PDB in 1971 [2,3]. In
e 2011, it was proposed for the first time (refereed to as the 2011 approach below) that protein structures
1o be represented in spherical coordinates (g, ¥ and ¢), aiming at expressing all PDB-deposited protein
20 structures in spherical coordinates [4]. Essentially, this 2011 approach is a global spherical coordinate
z system (SCS) one, where the protein geometric centroid is taken as the unique original starting point for
22 all atoms within a protein molecule. This 2011 approach results in two applications, i.e., the separation
2 of the protein outer layer from its inner core, and the identification of protrusions and invaginations
2a  on the protein surface [4]. Similarly, this 2011 global SCS approach requires three parameters (p, ¥ and
= @), as does the default 48-year-old CCS approach.

26 2. Theory

27 Since CCS and SCS are two geometrically interconvertible coordinate systems, they are like the
2s  two sides of one coin. This paper therefore proposes a local SCS approach, where the spatial position
2 of an atom is specified theoretically by three parameters: p, 9 and ¢, representing radial distance (A),
30 polar angle (°), and azimuthal angle (°), respectively.

31 In practice, a standard model for the geometry of a molecule is constructed by representing each
;2 atom with a solid ball in three-dimensional space with the van der Waal radius of the corresponding
s atom. While this model is easy to generate, it has an obvious limitation: the van der Waal radius

© 2020 by the author(s). Distributed under a Creative Commons CC BY license.


http://www.mdpi.com
https://orcid.org/0000-0001-6060-7937
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.20944/preprints202001.0133.v1
http://creativecommons.org/licenses/by/4.0/

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 January 2020 d0i:10.20944/preprints202001.0133.v1

20f4

s« of a given atom depends on its chemical environment and is not a universal constant. Furthermore,
s conventional mechanical molecular model considers atoms as spheres and bonds as springs, where
ss the process of spring deformation can be linked to the ability of atomic bond to stretch, bend and twist.
sz Thus, the inter-nuclear distance at which the system energy minimum occurs defines the equilibrium
s atomic bond length [5,6], which is taken as the value for ¢ for the local SCS approach here.

s 3. An alternative local SCS approach

40 The local SCS approach here leads to a dimensionality shift (from three to two) in the number of
a1 geometric parameters for protein structure description, i.e., boiling its geometric description down to
«2 two parameters (9 and ¢), instead of x, y and z as required by the default CCS approach, and instead of
43,0 and ¢ in the global SCS approach.

as Take protein main chain structure as an example. Each amino acid residue’s main chain are
4« constituted by Ny (amide nitrogen), Cy and the carboxyl carbon (with a double-bonded oxygen atom),
s 1i.e., N-Cy-C=0. To simplify protein structure description, removing all side chains leaves only the
sz backbone atoms, i.e., three main chain atoms and another three backbone atoms, H,, Hy (amide
s hydrogen) and O=C (the carboxyl oxygen with a double-bonded carbon). Thus, the protein main chain
4 geometry can be abstracted as a linear sequence, -[N;-Cq;-CO;-Nj;1-Cqi41-COijy1]-, where 1 < i < n,n
so represents the total number of amino acid residues in a protein. In this linear atom sequence, with an
s1  arbitrary position of the starting atom (j) specified in the local SCS approach, the next (j + 1) atom’s
s2 position can be specified with three parameters (p, ¥ and ¢), where ¢ is the equilibrium atomic bond
s length of atom (j) and atom (j + 1). Under this geometric arrangement, atom (j) and atom (j + 1)
s« constitute a vector in a three-dimensional space from atom (j) as the beginning point to atom (j +- 1)
ss as the ending point, where 1 < j < m, m represents the number of atoms in a protein main chain.
s Similarly, the rest of the protein main chain structure can be specified in a way that each and every bit
sz of the three-dimensional structural information is encoded in the two local SCS parameters (9 and ¢).
58 Given that each atom is covalently bonded to at least one neighbouring atom within a protein
so  structure, the local SCS approach here is also applicable to a protein structure as a whole, such that
s two parameters (9 and ¢) will be sufficient to geometrically define the three-dimensional structure
e of a protein. Moreover, all PDB-deposited protein structures are able to be converted to the local
e2 SCS format (¥ and ¢) with the current default CCS format (x, y and z), since CCS and SCS are two
es geometrically interconvertible coordinate systems.

e« 4. Summary

o5 This article proposes an local SCS approach to establish a two-parameter description of protein
es three-dimensional structure, as an alternative to the global SCS approach and the 48-year-old default
ez CCS approach [2,3]. This local SCS approach presents an alternative angular perspective for the
es description of protein conformational flexibility, both main chain and side chain. Furthermore, this
e local SCS approach also constitutes a potentially useful alternative perspective for protein structure
7 tree-decomposition, which can be of use for protein structural/domain classification, protein threading
= in both backbone and side chain structure [7], and functional prediction of the proteios building block
72 of life [8-10].

73 5. Discussion

74 While protein structures change during evolution in response to mutations, they are three to
7 ten times more conserved than their amino acid sequences [11]. While some genetic mutations are
76 probably more perturbative of protein structure than others and are able to cause major structural
7z rearrangements of protein structures, it is highly likely that the net structural consequence of a genetic
7 mutation is the instalment of a different side chain (a side chain placement problem [12,13]) at the
7o same amino acid residue position, while the overall architecture of the protein remains unchanged.
s In light of the fact that a side chain placement problem [12,13] is essentially an assignment of a set of
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a1 angles for each amino acid residue, only the local SCS approach exhibits its uniqueness here, neither
ez the default CCS approach, nor the global SCS approach, because only the local SCS approach takes the
es equilibrium atomic bond length as the value for g in protein structure description. In other words, the
s« degree of conservation of protein molecules (either sequence or structure) is linked to the simplicity
es of the way we approach them, either as a set of points/atoms/nuclei (x, y and z, i.e., the default CCS
s approach), or as a globular object with one geometric centroid taken as the unique original starting
ez point for all atoms (the global SCS approach), or the local SCS approach here with a dimensionality
s shift from three to two in the number of geometric parameters necessary.

80 Finally, it is reasonable to not rule out the possibility that this local SCS approach will find its
%0 application in fields such as protein structure alignment [14], comparison [15,16], clustering [17-19],
o1 and structural classification and functional prediction from an evolutionary point of view [20-24].
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