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Abstract

The generalised structural arrangements of various bimolecule such
as carbohydrates, proteins etc are based on the rules of Čech closure
operator. In this paper we discuss the relationship between Čech closure
space and structural configuration of proteins.
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1 Introduction

Fitness and energy landscapes in a combinatorial chemistry have become a

unifying theme in the fields of diverse area in drug design, molecular struc-

ture and protein folding as they were first introduced as models of biological

adaptation in 1930 [21]. In each case, there is a function f , for example, a

1kchandrasekhara.rao@gmail.com
2sastragowri@rediffmail.com



96 K. Chandrasekhara Rao et al

molecular index, a Hamiltonian, a cost function, or a fitness, that evaluates

each member of x ∈ X of a (usually a very large) configuration set X. In the

case of a peptide chain, we might be interested whether one configuration can

be converted into the other which deals with the small number of relations

around backbone bonds without steric abstraction.

Recent computational work on a biophysical genotype-phenotype model

based on the folding on RNA sequences into their secondary structures, suggest

a rather different pictures [10,11]. If phenotypes are organised according to

genetic accessibility, the resulting space lacks a metric and is formalized by an

unfamilar structure in the simplest case, a pretopology [20].

A related study on the structure of the genotype spaces that are introduced

by so-called unequal cross-over(or non homologous recombination) shows that

pretopologies are adequate for mutation spaces but behave somewhat ‘un nat-

ural’ for certain recombination spaces.

Barbel M.R. Stadler and Peter F. Stadler [18], studied the application of

closure space in evolutionary theory and combinatorial chemistry [fig.2]. Ac-

cording to them, suppose X is a set of possible genotypes and A is a set of

realized genotypes, a fixed collection of genetic operators [such as mutation, re-

combination, gene-rearrangement], then k(A) is the genotypes accessible from

A which satisfies the following properties.

i. No spontaneous creation (i.e) k(∅) = ∅.

ii. A more diverse population produces more diverse off springs:

(i.e) A ⊂ B implies k(A) ⊂ k(B).

iii. All parental genotypes are also accessible in the next time step.

(i.e.) A ⊂ k(A).

iv. Diversity of offsprings depends only on the parent. (i.e) k(A) = ∪x∈Ak(x).

Adhering to the above properties the investigators studied various spaces and

axioms involved there in. The inequality preserved by the repeated idempotent

operations over Čech closure space, clearly necessitate takes the introduction
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of suitable metric for protein modelling. Hence Čech closure space axioms

need further investigation.

Various spaces and axioms are tabulated as under:

Table:1Basic axioms for Topological Spaces

AXIOMS

C0: c(φ) = φ

C1: Isontonic

A ⊆ B ⇒ c(A) ⊆ c(B)

c(A ∩ B) ⊆ c(A) ∩ c(B)

c(A) ∪ c(B) ⊆ c(A ∪ B)

C2: Expanding.

A ⊆ c(A)

C3: c(A ∪ B) ⊆ c(A) ∪ c(B)

C4: c(c(A)) = c(A)

C5:
⋃

i∈I c(Ai) = c
(⋃

i∈I Ai

)

Table:2 Generalised Topological Space 3

Axioms / Spaces C0 C1 C2 C3 C4 C5

Čech closure spaces
√ √ √

Extended topology
√ √

Convex closure space
√ √ √ √

Pretopology
√ √ √ √

Topology
√ ∗ √ √ √

Alexandroff space
√ ∗ √ ∗ √

Alexandroff topology
√ ∗ √ ∗ √ √

When C0, C2 and C3 are satisfied, the space is known as Čech closure

space, introduced by Čech [3]. In Čech approach, the condition C4 among

Kurotowski axioms need not hold for every subset. When this condition is

also true c is called topological closure operator.

3Defining axioms are indicated by
√

, axioms that are implied by a smaller set of defining
axioms are shown as ∗.
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2 Structural arrangements in Protein

Myoglobin is one of the single chain globular protein of 153 amino acids, con-

taining a heme prosthetic group [12] in the centre [fig.3]. In this paper we

study the structural arrangement of myoglobin protein part.

The associated description of the protein interaction in terms of compo-

nents of Čech closure spaces can be described as follows:

Directed graphs give rise to finite pretopological spaces, which can be associ-

ated with a unique directed graphs by virtue of
−→
Γ (x) = c(x)\x. This space

is also proved to be isomorphic [18] to directed graphs. Having ensured these

isomorphic association it is evident that Čech space has also got the isomor-

phic association with directed graph (transitive relation of isomorphism).

Also the canonical distance Rd defined by [18] as d(x, y) =
√

(x − y).(x − y)

where d : X ×X → P (X) holds the metric axioms as in [18]. This metric can

be suitably redefined to meet the needs of structural arrangement of protein

according to the realized geno types as said in section 1.

Let X be the set of all amino acids: for example we can consider the follow-

ing ten amino acids as X = {G, A, V, L, I, S, T, Y, C, M} where G - Glycine,

A - Alanine, V - Valine, L - Leucine, I - Isoleucine, S - Serine, T - Threo-

nine, Y - Tyrosine, C - Cysteine and M - Methionine, A = {G, V, I, T, C} and

B = {A, L, S, Y, M}. The interaction between the elements of A is given by

G− V − I − T −C a peptide. Similarly, another peptide A−L− S − Y −M

is obtained from B, which are k(A) and k(B) respectively can be defined by

the following interaction function. Let us define I : A × A → B(X) by I(x, y)

which consists of all potential protein components either active or inactive that

can be obtained from two parent amino acids x and y such that

i. {x, y} ∈ I(x, y): that is interaction between amino acids x and y forms

an active peptide chain I(x, y).

ii. I(x, y) �= I(y, x): that is role of amino acids to form an active peptide is

not exchangeable.

The closure operator associated with the interaction function can be defined

as follows:

k(A) = ∪x,y∈AI(x, y)
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Result 2.1 The closure space (X, k) arising from interaction function satisfies

K1 : k(φ) = φ

K2 : A ⊆ k(A)

K3 : k(A ∪ B) = k(A) ∪ k(B)

Proof. K1 is implicit in the definition.

K2 :

A = ∪x,y∈A{x, y}
⊆ ∪x,y∈AI(x, y) = k(A)

K3 :

k(A) ∪ k(B) = ∪x,y∈AI(x, y)
⋃

∪x,y∈BI(x, y)

= ∪x,y∈A∪BI(x, y) As per the definition of I(x, y)

= k(A ∪ B)

�

Example 2.2 Note that k(A) is a primary structure of protein peptide chain.

k(k(A)) is a secondary structure known as helix. This example shows that the

idempotent law k(k(A)) = k(A) is not valid in protein interaction.

Fig.1 shows that structural configuration of myoglobin protein part from its

primary structure (A) to secondary structure (B) and then to produce tertiary

structure (C) with suitable chemical interaction.

It is interesting to note that in terms of closure operators we have k(A) =

B, k(B) = C and hence k(k(A)) = C. And the distinguishing future of kn(A)

is shown as a growing chemical network in fig. 2.
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Thus this Čech closure space serves as a conceptual framework for the study

of protein structural configuration. Suitable defining of a metric in the Čech

closure space so as to arrive the directed graph corresponding to the space and

studying properties of such a space to design an algorithm is ongoing.

Acknowledgement: The authors wish to thank Prof. K. Kannan, SAS-

TRA University, for his valuable suggestions towards the improvement of this

work.
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