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Abstract   

This study provides a novel perspective on the reason for excluding H2O from metabolic networks when 

complex network theory is used. 
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1 Introduction 

With the assistance of complex network theory, cellular metabolism has been widely investigated in the last 

decade (Jeong et al., 2000; Ma and Zeng, 2003; Aittokallio and Schwikowski, 2006; Ma et al., 2007; Ding et 

al., 2009a; Ding and Li, 2009b). Up to the present, the huge efforts afford us the ability to understand the 

structure and function of complex metabolism network, as well as some practical application (Aittokallio and 

Schwikowski, 2006; Ma et al., 2007; Ding and Li, 2009b). 

Initially, in the seminal paper of Jeong et al. (2000), they considered the current metabolites (such as ATP, 

ADP, or H2O which will be demonstrated) also as valid nodes. But, these metabolites do not participate in 

biologically meaningful transformations generally, and they might bring some unrealistic biochemical 

pathways. Later, Ma and Zeng (2003) addressed the problem and reported their metabolic network models in 

which they exclude so-called current metabolites. After that, lots of study would exclude current metabolites 

when complex network theory based methods are used in metabolic networks analysis (Zhao et al., 2006, 2007; 

Ma et al., 2007; Ding et al., 2009a; Ding and Li, 2009b).  

However, the behavior seems to be a little arbitrary, and it clearly conflicts to the classical scale-free theory 

(Barabasi and Albert, 1999), in which the high-connected hubs are critical (note: H2O is one of the top 10 hubs 

for all 43 models, and is the top 1 IN/OUT hub for 35 of 43 models). Here, to address the arbitrary behavior, 

we will present a study which benefit from an excellent paper in social network analysis, in which most 

influential nodes were identified by k-core instead of connections (Kitsak et al., 2010). 

 

2 Method 

In a general way, a k-core of a graph is a maximal sub-graph of it, and every node in the sub-graph has k links, 

at least (Fig. 1) (Carmi et al., 2007; Zhao et al., 2007). There are two basic properties of cores: 1) cores may be 

disconnected sub-graphs, and 2) cores are nested, an i-core is a subgraph of a j-core (i>j). The k-core of a 

graph will be implemented by the software pajek (Batagelj and Mrvar, 1998) here. We then obtained all of 43 

metabolic network models used in Jeong et al. (2000) from Barabasi’s lab 
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(http://www.nd.edu/~networks/resources/metabolic/index.html) for k-core analysis. With the strongly interest 

in the top 1 hub, and to simplify the problem, only H2O will be demonstrated in the present study. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1  0, 1, 2 and 3-core. 

 

 

Our calculation showed that the maximum orders about core mainly are 4 or 5 for all of 43 metabolic 

networks, and we find that H2O is absent in the core with high order in 33 metabolic network models (AA, AB, 

AG, AP, BS, CA, CE, CJ, CL, CQ, CY, DR, EF, HI, HP, MB, MJ, ML, MT, NG, NM, PA, PF, PG, PH, PN, 

RC, RP, SC, ST, TH, TM and YP). The results, generally speaking, could support the idea that k-core analysis 

is more helpful to identify the most influential nodes than connection analysis (76.7% accurate rate). And 

meanwhile, it provides a novel perspective on the reason for excluding H2O (perhaps also with some other 

current metabolites) from metabolic networks when complex network theory are used. 
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