
Chemical aspects of the cell 

Integration of biological systems and the 

use of chemical knowledge 

Part 1 - Systems biology 
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Network topology 

x 

Nodes: these are the objects under analaysis (for example proteins in a proteome 

study). 

 

Connections: these nodes (objects) connect to each other in different ways. It 

could, for example, be defined as intermolecular interactions between proteins. 

Therefore, proteins are nodes and when two or more proteins interact it is 

represented by the connections. 

 

Centrality: based on the assumption that a network is not random, it is possible to 

identify central nodes that are the most important ones in terms of connetions (i.e. 

the most interconnected nodes). This means that these nodes are central to the 

system. 

 

Hubs: highly connected nodes are known as hubs, which are responsible to 

intermediate many events in a system. 
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Network topology 

x 

Pareto distribution: 20/80! 

 

 

Exponential topology:  

 

Scale-free: most uncoordinated network, with randomnes increment achieved as 

the proteins connects to each other without any order and having the same 

importance to the network. 

 

 

 

Power law: it is a nonlinear functional relationship between two quantities. 

 Example: y = ax2 

 

 What type of intermolecular interaction works that way? 
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Visual intepretation of networks 

Examples of (a) an undirected network (graph) and its mapping on an adjacency 

matrix A; and (b) a directed weighted network (weighted digraph) and its respective 

mapping on a weight matrix W. 

Costa, L.F.; Rodrigues, F.A.; Cristino, A.S. Gen. Mol. Biol. 2008, 31, 591-601 
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Visual intepretation of networks 

Cluster coefficients from high (a), down 

to low (b) and none (c) 

Costa, L.F.; Rodrigues, F.A.; Cristino, A.S. Gen. Mol. Biol. 2008, 31, 591-601 
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Visual intepretation of networks 

The three main types of biological networks: (a) a transcriptional regulatory network has two 

components: transcription factor (TF) and target genes (TG), where TF regulates the 

transcription of TGs; (b) protein-protein interaction networks: two proteins are connected if 

there is a docking between them; (c) a metabolic network is constructed considering the 

reactants, chemical reactions and enzymes. 

Costa, L.F.; Rodrigues, F.A.; Cristino, A.S. Gen. Mol. Biol. 2008, 31, 591-601 
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Databases 

Oprea, T.I.; May, E.E.; Leitão, A.; Tropsha, A. Computational Systems Chemical Biology. In: Chemoinformatics 
and Computational Chemical Biology, Jürgen Bajorath (ed.) vol. 672, chapter 18, Springer, 2011 

Accumulation of data for different macromolecules and systems in a set of databases: 
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Databases 

Oprea, T.I.; May, E.E.; Leitão, A.; Tropsha, A. Computational Systems Chemical Biology. In: Chemoinformatics 
and Computational Chemical Biology, Jürgen Bajorath (ed.) vol. 672, chapter 18, Springer, 2011 
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Databases 

Oprea, T.I.; May, E.E.; Leitão, A.; Tropsha, A. Computational Systems Chemical Biology. In: Chemoinformatics 
and Computational Chemical Biology, Jürgen Bajorath (ed.) vol. 672, chapter 18, Springer, 2011 

Relational databases also contain bioactivity assays: 
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Example: KEGG database for prostate cancer 

KEGG database 
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Visual intepretation of networks 

Merico, D.; Gfeller, D.; Bader, G.D. Nat. Biotech. 2009, 27, 921 

(a) Without specific layout, the network looks like a ‘jumbled mess’ and cannot 

be interpreted. (b) The same network after applying the force-directed layout and 

adding gene expression data of cells monitored during one round of the cell 

cycle are visually annotated on the network (data are from ref. 8). Edges are 

drawn thicker when the Pearson correlation between transcript profiles is higher. 

(a)                                              (b) 
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Visual intepretation of networks 

Merico, D.; Gfeller, D.; Bader, G.D. Nat. Biotech. 2009, 27, 921 
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Models for the systems 

Young, D.L.; Michelson, S. “Systems Biology in Drug Discovery and Development” John Wiley & Sons, Inc., Hoboken, New 

Jersey, 2012  
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Integration in drug discovery 
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Part 2 
Systems chemical biology (SCB) 
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Systems chemical biology (SCB) 

Chen, B.; et al. BMC Bioinformatics 2010, 11, 255 
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Systems chemical biology (SCB) 

Chen, B.; et al. BMC Bioinformatics 2010, 11, 255 
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Systems chemical biology (SCB) 

Chen, B.; et al. BMC 
Bioinformatics 2010, 11, 255 
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Systems chemical biology (SCB) 

Chen, B.; et al. BMC 
Bioinformatics 2010, 11, 255 
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Systems chemical biology (SCB) 

Chen, B.; et al. BMC 
Bioinformatics 2010, 11, 255 
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Systems chemical biology (SCB) 
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Systems chemical biology (SCB) 

Chen, B.; et al. BMC 
Bioinformatics 2010, 11, 255 
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Relational database 

Example: Stitch database for lovastatin and atorvastatin 

Leitão, A.; Oprea, T. I. . Integração da Química Medicinal na Biologia Química de Sistemas. In: Montanari, C.A. (Org.) Química 

medicinal: Métodos e fundamentos em planejamento de fármacos. 1ed.São Paulo: EDUSP, 2011, 1073-1093. 
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Dynamic SCB 

May, E.E.; Leitão, A.; Tropsha, A.; 
Oprea, T.I. Comput.. Biol.Chem. 
2013, 47, 167 



25 

Dynamic SCB 

Oprea, T.I.; May, E.E.; Leitão, A.; Tropsha, A. Computational Systems Chemical Biology. In: Chemoinformatics 
and Computational Chemical Biology, Jürgen Bajorath (ed.) vol. 672, chapter 18, Springer, 2011 
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Dynamic SCB 

May, E.E.; Leitão, A.; Tropsha, A.; 
Oprea, T.I. Comput.. Biol.Chem. 
2013, 47, 167 
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Real time analysis 

May, E.E.; Leitão, A.; Tropsha, A.; 
Oprea, T.I. Comput.. Biol.Chem. 
2013, 47, 167 

Greatest impact of MS inhibition 

on glyoxylate and glycine 

concentration for inhibitor levels 

at 100× the initial concentration 

of glyoxylate  
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Real time analysis 

Leitão, A.; Oprea, T. I. . Integração da Química Medicinal na Biologia Química de Sistemas. In: Montanari, C.A. (Org.) Química 

medicinal: Métodos e fundamentos em planejamento de fármacos. 1ed.São Paulo: EDUSP, 2011, 1073-1093. 
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Real time analysis 

Oprea, T.I.; May, E.E.; Leitão, A.; Tropsha, A. Computational Systems Chemical Biology. In: Chemoinformatics 
and Computational Chemical Biology, Jürgen Bajorath (ed.) vol. 672, chapter 18, Springer, 2011 


