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Abstract— Comparing metabolic network analysis approaches which include the structural and stoichiometric modeling methods under 
which comes Network Based Approach and Constraint Based Approach. In Constraint Based Approach we have analyzed and 
implemented the Flux Balance Analysis Method and under Network Based Approach we have reviewed and analyzed the Extreme 
Pathway Analysis Approach. 

Index Terms— Introduction on Metabolic Pathways and Methods, sources os data of Metabolic Pathways, Algorithms of FBA, Algorithm of 
EPA, Output of FBA,Paths of EPA  

——————————      —————————— 

1 INTRODUCTION                                                                     
ystem Biology[1] is a study of complex biological processes 
and the process of bringing together the component sub-
systems into one system and ensuring that the subsystems   

function together as a system. The interactions involve a series 
of biochemical conversion and form different biochemical 
pathways. Major kinds of biochemical pathways are – signal 
transduction, gene regulatory and metabolic networks. The 
kind of the biochemical pathway we have dealt is metabolic 
networks.    
Metabolic pathways[1] are a series of biochemical reactions, 
mostly catalyzed by enzymes. It involves step by step modifi-
cation of an initial molecule (substrate) to form a product. 
Methods of metabolic pathways analysis that we have imple-
mented are Flux Balance Analysis (FBA) and Extreme Path-
way Analysis (EPA). FBA is a stoichiometric constraint basec 
analysis model that calculates the flow of metabolites through 
the metabolic network to predict the possible growth rate of 
an organism and the quantity of biotechnologically important 
metabolites to be produced during metabolism. EPA are a 
unique and minimal set of vectors that completely characteriz-
es the steady state capabilities of a metabolic network and its 
implementation is provided to find out the length of extreme 
pathway and how individual reactions take part in it. 
One of the approaches under stoichiometric modeling is con-
straint based that applies a set of constraints on a metabolic 
pathway[3] to characterize its possible behaviours. There are 
many constraint based methods among which we have  

 
 
 
 
 
 
 
 
 
 
 

implemented Flux Balance Analysis(FBA) which is the classi-
cal starting point of constraint based modeling. 
Flux Balance Analysis[2] is mathematical method of analyzing 
the metabolic capacity of the cell . The objective of FBA[3] is to 
find out the set of metabolic fluxes that maximizes the growth 
rate of the target metabolite, given some known available nu-
trients. The earliest work of FBA includes the way to construct 
flux balance equations using a metabolic map. Its success can 
be seen in the ability to accurately predict the growth of pro-
karyote. 
The other approach under this stoichiometric modeling is 
Network Based Approaches. In this modeling with the help of 
existing knowledge of cellular components and their connec-
tivities systemic funcstiond are described mathematical-
ly.Under network based approaches we have few methods 
from which we have dealt with Extreme Pathway Analysis. 
Extreme Parhway Analysis[4] is a unique and minimal set of 
vectors that completely characterizes the steady state capabili-
ties of genome scale metabolic network. The length of the ex-
treme pathway is the number of reactions that comprises it. 
The mathematical framework is provided to find out length of 
extreme pathway and how individual reactions take part in it. 
This pathway has the following characteristics- 
It generates unique and minimal systemic pathway. It de-
scribes all possible steady state flux distributions that the 
pathway network can achieve. It determines the time invariant 
topological properties of the network. Extreme pathway can 
be characterized by its length and reaction participation.    

2 OUR IMPLEMENTATION 
2.1 Flux Balance Analysis 
The xml document location is taken as a parameterized input, 
using a DOM parser the document is parsed, where the attrib-
ute values are obtained from the xml file with which the node 
name is checked to find whether the substrate is distinct or 
product is distinct. With the rows considered as the total 
number of reactions. The columns considered as the substrate 
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and products. If it is a product then 1 is inserted into the sti-
ochiometric matrix, if it is substrate then -1 is inserted into the 
matrix. In this way the stoichiometric matrix is generated. The 
mass balance constraint equations are thus formed with the 
help of it. The system of mass balance equations at steady state 
is made equal to 0. The reaction is set as objective with the 
objective function Z=c1V1+c2V2+…..+cnVn .The reaction set as 
objective will have a corresponding value 1 and others will 
have value as 0. cT is  1*n matrix. We have maximized the ob-
jective function and generate the output. We have also found 
out the constraints for our convenience. 

2.2 Extreme Pathway Analysis  
The xml document location is taken as parameterized input 
using DOM parser the document is parsed, where the attrib-
ute values are obtained from the xml file with which the node 
name is checked whether it is a substrate or a product. With 
the rows considered as the total number of reactions. The col-
umns are considered as the substrate and product. If it is a 
substrate or product 1 is inserted into the corresponding posi-
tion in the stoichiometric matrix, in this way the stoichiometric 
matrix formed. We have also taken the source node and desti-
nation node as the input and we try to find all the possible 
paths from the source node to destination node. Here the 
nodes are the substrates and products. In this way the extreme 
pathway matrix in which extreme pathways are considered as 
column and the substrates and products together constitutes 
row. The substrate or products constituting the paths when 
considered will be checked if present then 1 is inserted to cor-
responding position in the extreme pathway matrix and if not 
present then 0 is inserted. We call this matrix as pathway ma-
trix. After getting this matrix we transpose it and then find the 
product of pathway matrix and its transposed matrix. The 
resultant matrix which we obtain after this multiplication is 
called Pathway Length Matrix. The diagonal elements in this 
Pathway Length Matrix represent the length of corresponding 
pathway. The transpose of pathway length matrix is calculat-
ed, then pathway length matrix and its transpose are multi-
plied, the result obtained is the reaction participation matrix. 
The off diagonal elements refer to the number of extreme 
pathways that contain both corresponding reactions.  
. 

 

3 SOURCES OF DATA OF METABOLIC PATHWAYS WE 
HAVE WORKED ON   

3.1 Kyoto Encyclopedia of Genes And Genomes   
It is a database containing information of genes, proteins, reac-
tions, pathways and useful for building association among 
enzymes, reactions, genes. Information about human diseases, 
drugs and other health related substances. 
KEGG is queried through a language based on XML, called 
KEGG Markup Language (KGML). 

3.2 JWS Online Cellular Systems Modeling And 
Microbiology  
Online website aims in providing a user friendly internet 
based repository of such pathway models and also an applica-
tion for running kinetic models of biological systems.  

4 ALGORITHM OF FLUX BALANCE ANALYSIS   

Prequisite  
Parse the XML file. 

XML Processing  
Step 1: Obtain the data of the substrate,product and reac-

tions. 
Step 2: Check for distinct products and substrates. 
Step 3: Store all these values. 

Stoichiometric Matrix Formation  
Step 1: Form a 2d array stoic of size m*n. 
Step 2: m is the number of reactions. 
Step 3: n is the number of substrate and products. 
Step 4: Run a loop from 0 to m 
             Run one more loop from 0 to n. 
     Check if a reaction contains substrate then 
     set the corresponding position in the stoic as -1. 
     Check if a reaction contains product then  
     set the corresponding position in the stoic a +1. 
     Otherwise set it as 0. 
Step 5: End 

Mass Balance Constraint And Maximize Objective 
Function 

Step 1: Run a loop from 0 to total number of products and  
             total number of substrates 
    Run one more loop from 0 to total number of reac-   
              tions. 
    Check each and every value of the stoichiometric  
              matrix if it is +1 mark it with +V 
     Otherwise if it is -1 mark it with –V 
Step 2: Set the objective function  
    Run a loop from 0 to total number of products  

Run one more loop from 0 to total number of reac-
tions, now we add both constraints +V and –V. 

Step 3: Using Simplex method of linear programming max-
imize the objective function given the constraints  

ALGORITHM OF EXTREME PATHWAY ANALYSIS  

Prequisite 
      Parse the XML file. 

XML Processing  
      Step 1: Obtain the data of the substrate, product and reac-

tions. 
  Step 2: Check for distinct products and substrates. 
  Step 3: Store all these values. 
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Stoichiometric Matrix Formation  
       Step 1: Take a 2d array stoic size m*n. 

  Step 2: m is the number of substrate and number of prod-
ucts. 

   Step 3: n is the number of reactions. 
   Step 4: Run a loop from 0 to m 
   Run one more loop from 0 to n. 
      Check the reaction if contains substrate 
          Then set the values in stoic at corresponding  

      position as -1. 
          If it contains products then set the values in  

      stoic at corresponding position as +1. 
      Otherwise set it as 0. 
  Step 5: End. 

Graph  
       Step 1: Considering two string nodes as parameters add       
                   them as adjacent node and form an edge in hash. 

  Step 2: If the two vertex are two way then add them as    
               Edges in a hash. 
  Step 3: Store this hash in a linked list. 

Search  
       Search(Graph graph,LinkedList visited) 

   Step 1: Set the START and END nodes. 
   Step 2: If visited contains the node then continue 
   Step 3: Check if the node contains end node or if the list      
                contains the visited node 
  then add the node. 
   Step 4: Recursively call Search(graph,visited). 

Extreme Pathway Matrix Formation 
     Extremepathway (XMLProcessor proc) 

  Step 1: Run a loop from 0 to pathway string length. 
      Run one more loop from 0 to individual node   
               length. 
  Step 2: Check whether the id of the substrate matches    
               with the element obtained from processing 
      if it matches then set the corresponding position   
              value in EPA matrix as 1. 
  Step 3: Run a loop from 0 to the total number of individual 
              nodes. 
     Run one more loop from 0 to total number of prod-   
              ucts. 
     Now check whether product id matches with the   
              element obtained from processing. 
        If it matches then set the corresponding value in   
              the EPA matrix as 1. 

Pathway Length Matrix And Reaction Participation 
Matrix 

      Step 1: Take a 2d array EPATr which is the transpose of   
                   EPA Matrix. 

 Step 2: Now, multiply both EPATr and EPA. Store this re 
               sult in a new array named PL which is Pathway    
               Length matrix. 
 Step 3: Take the diagonal elements which represents the     
               corresponding pathway. 

      Step 4: Now we find the product of EPA and EPATr. 

 Step 5: Store thie result in a new array named Reac. which 
               is Reaction Participation Matrix     
 Step 6: Take the off diagonal elements which represents  
               the number of extreme pathways that contains  
               both the corresponding reactions. 
 
 

5 RESULT  
5.1 Output From Flux Balance Analysis 

From the graphical representation we can see the maximized 
output of the pathway V1 ,V2….these are constraints and max-
imized value is obtained from the linear programming is able to 
denote the value of V which is displayed in the graph. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

5.2 Output From Extreme Pathway Analysis 

i. For Pathway ko00010 
 Path Id 1: 93-76-94-129-125-140-85-54-92-52-98-46-99-43-101-   
                 37-40- 
 Path Id 2: 93-76-94-129-125-140-85-54-92-52-98-46-99-43-101- 
                 39-40 
 Path Id 3: 93-76-94-129-125-140-85-54-92-52-98-46-99-43-101-    
               138-40- 
 Path Id 4: 93-76-94-129-125-140-85-54-92-52-98-47-99-43-101- 

      37-40-  
Path Id 5: 93-76-94-129-125-140-85-54-92-52-98-47-99-43-101- 
           39-40- 
Path Id 6: 93-76-94-129-125-140-85-54-92-52-98-47-99-43-101-  
            138-40- 
       

ii. For Pathway hsa00520 
  Path Id 1: 93-2-92-19-100- 

iii. For Pathway hsa00030 
   Path Id 1:  99-37-121-58-122-57-106-56-131- 

Path Id 2: 99-37-121-97-106-56-131- 
Path Id 3: 99-53-124-51-120-50-19-46-110-47- 
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6 CONCLUSION 
Therefore we would like to conclude that Flux Balance Analy-
sis is an approach for analyzing the flow of metabolites 
through a metabolic network and it is able to calculate the 
possible growth rate of an organism. It doesn’t need kinetic 
parameters and can be computed quickly even for large net-
work.The other approach which is Extreme Pathway Analysis 
describes the conversion of substrate into product and it ac-
counts for all reaction steps. Extreme Pathway specifies theo-
retical upper and lower bounds of conversion of any substrate 
into product. 
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