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Abstract: As the network information technology was proceeding to the field of biotechnology, the successful 
application of network method in the field of molecular biology expanded human’s understanding of complex 
system, and achieved many important results. This article selected exogenous substances and target molecules as 
the research object, and through the method of informational network, studied the research results and problems 
of biological information under the interaction of exogenous substances and target molecules from the following 
aspects: the network related to target molecules of the organism, the related database of the interaction of 
exogenous substances and target molecules, and the method of biological information analysis, etc. The study 
showed that we could predict the interaction of unknown target molecules and exogenous molecules through the 
network diagram; the use of informational network analysis methods not only greatly reduced the research cost 
and time, but provided s novel way of thinking and the new approach to elucidate the pathogenesis and 
diagnosis and treatment of diseases. Copyright © 2014 IFSA Publishing, S. L. 
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1. Introduction 

 

With the development of experimental 
technology, at present there are several technologies 
to study the interaction of exogenous substances and 
bio-target molecules, such as: co-
immunoprecipitation, bacterial two-hybrid, protein 
chip and nuclear magnetic resonance, etc. These 
traditional experimental research technologies make 
a significant contribution for the interaction of 
exogenous substances and bio-target molecules, and 
accumulates much valuable information [1]. 
However, the defects of high cost and time-
consuming limit the extensive research of the 
traditional experimental methods in the field of the 
interaction of exogenous substances and target 

molecular. The development of bioinformatics 
overcomes the shortcomings of traditional 
experimental methods, and greatly shortens the 
research cycle, reduces the research cost, as well as 
opens a new way by combining the strengths of 
mathematics, information science, chemistry and 
physics, and auxiliary researching the interaction of 
exogenous substances and target molecules by means 
of calculating [2]. 

Exogenous substance and biotarget molecule 
interaction plays an important role in the cell 
metabolism process, the pathogensis of  
pathogene, the immunization of host against 
pathogene in the life process of all living  
organisms [3]. Studying on exogenous substance and 
biotarget molecule interaction through the network 
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method not only has important academic value,  
but also is able to research the nosogenesis of 
pathogenic exogenous substance. Also it provides 
guidance for researching new drugs and improving 
people's life quality [4]. 

 
 

2. The Application of Network Model  
in the Biological Research 
 
Nowadays, with the development of biological 

application experimental techniques, it will  
produce more biological research experimental data. 
These data will make an overall understanding of the 
influence of exogenous substance and biotarget 
molecule interaction for life overall structure 
function by bioinformatics research. Bioinformatics 
methods can calculate and interpret such kind of data 
through the network model, thereby solving  
the high technical complexity and data volume 
issues. Network information processing  
technology generally uses the network nodes to 
represent biological target, proteins, exogenous 
materials, disease, drugs or other biological 
substances, and uses edge to represent the interaction 
between nodes. 

 
 

2.1. PPI Map Network Model 
 
Protein is high-molecular compound composed of 

single or a plurality of polypeptide chain according to 
certain structures, and a single peptide chain is made 
up of many amino acids in a specific order with 
peptide bond. Pr. is the most abundant organic 
ingredient in living body and the material basis of 
life, and it contains many important biological 
functions. Target molecules in living organisms 
are basically protein polymer compounds. Its 
biological function is shown by the structure and 
function of protein. 

PPI map provides a very practical network model 
for the specific function structure of the proteome. 
To systematically explore human’s protein 
interactions, it scans the matrix including 4,456 bait 
and 5,632 predator proteins by automated yeast two-
hybrid interaction mating. Researchers identify  
3,186 new interactions from 1,705 proteins, forming 
the huge and close network. Synchronized 
coimmunoprecipitation assays demonstrate the 
credibility of yeast two-hybrid interaction  
mating [5]. The scoring system established by 
Topological and GO standards defines 911 kinds of 
interactions in 401 kinds of proteins. In this network, 
it further searches the interaction of uncharacterized 
gene products and human healing protein in the 
normal cell pathway. In this way, after the 
experimental verification, two new Axin-1 
interactions confirm two modulators of the Wnt 
signaling pathway – ANP32A and CRMP1. The 
system scan for human protein interaction will give 

us the further understanding of the role of protein and 
the process of cell. Just as Fig. 1 shows: 

 
 

 
 

 
Fig. 1. Oncoprotein interaction research based on 

clustering algorithm of K-CLIQUE. 
 
 

◇ is Oncoprotein. Different colors represent 
different protein group. The same protein can find 
different protein group. 

After obtaining protein interaction data from this 
specialized public database, PPI database  
can be built taking Pr. as a node and PPI relationship 
as the edge.  

Experimental results indicated that only a handful 
of target proteins have abundant effect and contact 
with other exogenous molecules, while there are a 
small amount of effect and contact between most 
proteins and other proteins. From the point of view of 
network, a few target proteins have a higher degree 
of connectivity, while most of the target  
protein only has a small degree of connectivity, that 
is, its distribution presents power law form, which 
indicated that the target protein network is a typical 
scale-free network. However, experimental data 
show that the higher degree of connectivity  
of target proteins plays a more important role  
living organisms. 

 
 

2.2. Exogenous Molecular - Biotarget 
Interaction Network Method 

 
IPA is a recognized biological data analysis tool, 

ideal for disease-related data analysis [6]. Its main 
feature is to find disease molecular networks and 
pathways according to the actual data, even to build 
their own networks and pathways in its foundation. 
Just as Fig. 2 shows: 

Apoptosis, 
Adipocytokines 
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Fig. 2. Difference molecular formed network captured  
by IPA. 

 
 

2.3. Drugs and Biological Targets Interaction 
Network Model 

 

Drugs and biological targets interaction network 
is the network date model composed of small 
biological pharmaceutical molecules, small 
molecules drugs, and biological target of these drug 
molecules interactions. In drugs - biological target 
network model, nodes generally indicate biological 
target and drug molecules. Once there is a connection 
between drugs and the biological target relationship, 
there is an edge between drug molecules nodes and 
biological target nodes. Just as Fig. 3 shows: 

 
 

 
 

Fig. 3. Utilize drug CIPHER method to calculate drug-
target protein interaction network. 

 
 

DrugBank is a very well-known drug target 
database. Yildirim uses data in DrugBank to build a 
drug - biological target network data model, thereby 
finding that the connectivity of drug - biological 
target interaction network presents powerlaw form 
[7]. 

3. Database Resources of Exogenous 
Substance and Biological Molecular 
Targets  
 
By the end of 2013, there are more than  

224 databases related to exogenous substances - 
target molecule interaction, still in growing, and 
becoming a major resource of biological networks 
and pathways structure. This article focuses on the 
human-related exogenous substances - target 
molecules interacting public databases, which are 
also public databases currently the most widely used 
and the most comprehensive. 

 
 

3.1. BIND Database 

 
The full name of BIND is Biomolecular 

Interaction Network Database, a database to collect 
and describe molecular complexes, biological 
molecules and path information. BIND contains 
experimentally determined data of biomolecules 
interconnection. BIND 2.0 data model development 
has led to the combination of almost all components 
of the molecular mechanism, including the 
interaction between any two molecules composed of 
proteins, nucleic acids and small molecules. 
Therefore, we can calculate the interrelation of 
exogenous substances and biological target 
molecules based on BIND database. 

BIND can not only describe the chemical 
reaction, photochemical activation and 
conformational changes, but also analyze all 
transduction processes from small molecules 
biochemistry to signal transduction. BIND uses Java, 
XML, ASN and other technical management data 
and integrates GO annotation information to provide 
users with browse, query, BLAST search, download, 
upload and other inquiry services. The database can 
be used to study the network interaction, draw the 
path cross classification branch, and generate power 
analog information. BIND anticipates the huge 
torrent from high-throughput proteomics interaction 
information, including groomed detailed information 
after mass spectrographic translation [8]. The sources 
of BIND data include journals submission, public 
submission, literature extraction, other protein 
interaction database import, etc. There are also some 
unpublished data sets. All data collected will be put 
into database after experts’ examination in order to 
ensure the authority and credibility of BIND 
database. 

In short, regardless of considering the extent of 
the data, the convenient level of query methods or the 
authority of data BIND database is the preferred one 
to study exogenous substance and biotarget molecule 
interaction. 
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3.2. DIP Database 
 
The full name of DIP is Database of Interacting 

Proteins, which is PPI database. DIP is a database 
collecting identified PPI, including protein 
interaction data determined by classic experimental 
methods and high-throughput experimental methods. 
DIP date needs to be automatically verified through 
the audition of humans and the use of three 
calculation methods of EPR Index, PVM Score, DPV 
Score. DIP primarily provides inquiries for biological 
research community and efficiently obtains the 
integrated tool of exogenous substances - biological 
target interactions and interaction network 
information in the relevant life process. In addition to 
the PPI details included, DIP is useful to understand 
the biological target function and exogenous 
substances - biological target relationship, study the 
property of protein interaction network and the 
prediction of benchmark test exogenous substances 
and biotarget molecule interaction and research the 
evolution of exogenous substance and biotarget 
molecule interaction [9]. DIP specifically develops 
xin format for storing and exchanging the protein 
interaction data by XML technology. So, DIP 
provides a very critical database by using the 
calculation method to analyze exogenous substance 
and biotarget molecule interaction data. 

 
 

3.3. STRING Database 
 
STRING is a database including predicted 

correlation functional structure between Pr. 
Functional links between Pr. is generally able to be 
deduced from the DNA sequences encoding them. A 
group of genes required by similar functional 
characteristics tends to show similar species 
coverage. STRING database is the data sources 
expected to calculate, which is used to query and 
study the correlation between Pr. and DNA. Thus, 
STRING contains a unique scoring framework based 
on different types of correlation reference for a 
common reference data set, integrating into every 
single predicted confidence score. The graphical 
display of inferred, weighted protein interaction 
network provides a high level view of functional 
links, and promotes the modular analysis in the 
biological process. STRING is continuously updated, 
currently including 261,033 orthologous in 89 kinds 
of completely sequenced genomes [10]. This 
database predicts functional interactions in a desired 
level of accuracy of at least 80 % of for more than 
half of the genes. There are four kinds of STRING 
data sources. The first one is the protein interaction 
data produced by high-throughput experimental 
techniques. The second one is protein functional 
links derived by the conservative co-expression data. 
The third one is the protein interaction database got 
by the literature search. The fourth one is the PPI 
data derived by the DNA content in DNA group 
based on the predictive PPI method. 

In addition, there are lots of network database 
about exogenous substance and biotarget  
molecule interaction, such as HPRD, MINT,  
MIPS, etc. Table 1 lists some databases  
related to exogenous substance and biotarget 
molecule interaction. 

 
 

Table 1. The list of some databases related to exogenous 
substance and biotarget molecule interaction. 

 
Title Address Sketch 

Comprehensiv
e database 
HPRD 
MINT 
 
 
MIPS 

http://www.hprd.org 
 
 
http://mint.bio.unirom
a2.it 
 
http://mips.helmholtz 

Only human proteins 
literatures 
 
Only date of mammalian 
Pr. physical interaction 
Mammalian proteins 
literatures specialized 

Predicted 
Database 
Interprets 
 
 
 
Prediceome 

 
http://www.russell.em
bl.de/cgi-
bin/interprets2 
 
 
http://predictome.bu.e
du 

Provide service 
predicting Pr. effect by 
tertiary structure, and 
inquire by inputting serial 
information of two Pr. 
Database of predicting 
functions between Pr. 

Relevant 
Developments
Database 
Drugbank 

 
 
http://redpoll.phamacy
.ualberta.ca/drugbank 

Integrate information of 
pharmic functional 
protein target spot, 
pharmic chemical 
structure, pharmacology 
mechanism, functional 
biological passage, Drug 
molecules interactions 

 
 

4. Analyze Exogenous Substance and 
Biotarget Molecule Interaction by 
Network Method 

 
4.1. The Visualization of Exogenous 

Substance and Biotarget Molecule 
Interaction 

 
In the technical field of exogenous substance- 

target molecule interactions, the ultimate challenge of 
bioinformatics is to rebuild exogenous substance- 
target molecule interactions. It is very difficult to 
express exogenous substance - biological target 
interactions in a clear and user-friendly format, so 
visualizing exogenous substances - biological target 
interaction is easy for humans to understand the 
information hidden behind large amounts of complex 
data, as compared with date, the network diagrams 
easier to find the information inherent in them. 

In exogenous substances - target molecule 
interaction network, nodes represent exogenous 
substance molecules and target molecules, and the 
connection between the nodes represents the 
interaction between two nodes of exogenous 
substances - target molecules. It needs to build 
exogenous substance- target molecule interaction 
network diagram by adjusting the position of points 
and lines and arrange exogenous substance molecules 
and target molecules in two-dimensional or three-
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dimensional space. There are lots of software to build 
exogenous substance- target molecule interaction 
network, such as the visualization software of Ospery 
and Pajek. Currently [11], the design of exogenous 
substance - target molecule interaction network 
model is mainly qualitative and static so that it can 
not reflect the specific strength of the interaction size 
in the data network. Dynamic exogenous substances - 
target molecule interaction visualization is very 
difficult as the process will involve a number of 
factors. One of the ultimate goals of exogenous 
substance - target molecule interaction visualization 
is to build the dynamic form of human exogenous 
substance - target molecule interaction network 
diagram and to explain when and where exogenous 
substances and target molecules interact and how it 
happens. 

 
 

4.2. Analyze Exogenous Substance-Biotarget 
Molecule Interaction by Network 
Topology 

 
Exogenous substance - target molecule 

interaction network has proved the ubiquity of 
network topology in network science and proposed 
network topological properties and dynamics models, 
such as ultra-small-world and free-scale and so forth, 
but its hidden kinetic mechanism is unclear [12]. 

Exogenous substance - target molecule 
interaction forms a super small world, that is needed 
steps between any two points in the network is far 
less than the random network. This feature is 
conducive to signal transduction and integration. It is 
not evenly distributed for exogenous substance - 
target molecule interaction in the interaction 
network. Some target molecules interact with many 
other exogenous molecules to form a hub, while 
some other target molecules only interact with a few 
exogenous molecules. This nature is called free-
scale. That is to say the degree distribution of the hud 
in exogenous substance - target molecule interaction 
network is distributed as power function. After 
analyzing the exogenous substance - target molecule 
interaction network of three kinds of model 
organisms including yeast, worms and flies, Li can 
draw a conclusion that exogenous substance - target 
molecule interaction network has the character of 
highly error tolerance, and the majority part are low 
connectivity hubs, which is useful for the stability of 
exogenous substances - target molecule interaction 
network. Because too many direct connections will 
make whole exogenous substance - target molecule 
interaction too sensitive to targeted inactivation. The 
stability of this system is best possibly able for whole 
network to keep stable when some target molecules 
have some problems. This perhaps explains in some 
life process, even in the face of pathogen organisms 
sudden attack, it can still maintain biological traits 
without changing. Although most studies so far are 
built on part of exogenous substance - target 

molecule interaction network, these local features are 
still laid the foundation for the subsequent study. 

 
 

4.3. Study on Function Module of Exogenous 
Substance-Target Molecule Interaction 

 
A number of different exogenous molecules act 

together when target molecules exercise certain 
functions, so that exogenous substances - target 
molecule interaction network has the modular nature 
and study on network structure module can reveal 
internal mechanisms of exogenous substances - target 
molecule interaction network. Different network 
structure modules have certain independence, but 
target molecules of similar interactions has a tend to 
have the same or similar function. Therefore, it can 
functionally predict those unknown functions of 
exogenous substances - target molecule interaction 
network diagram. 

After studying network function module for yeast 
exogenous substances - target molecule interaction 
network, Pereira. Leal and others deem that it can 
analyze exogenous substance - the target molecule 
interaction network by modeling between different 
species. This is consistent with the view of systems 
biology, namely protein interaction studies can be 
used to form the modules in systems biology research 
and then build a more complete exogenous substance 
- target molecule interaction network diagram. More 
complex mathematical models have been used for 
target molecule function prediction, such as 
probabilistic method, Markov random fields and 
information transfer algorithms. In the methods of 
predicting target molecule function by exogenous 
substance - target molecule interaction, data of 
exogenous substance - target molecule interaction 
determines the reliability of prediction. The increase 
amount of data will undoubtedly improve the 
prediction accuracy. On the other hand, many 
biological target molecules in the cell has multiple 
functions and how to successfully predict the 
multiple functions of the target molecule will be the 
next research direction in protein function prediction. 

 
 

5. Conclusions 
 
Currently, exogenous substance - target molecule 

interaction studies mainly focus on the applied 
experiment research methods. Along with the 
continual change of exogenous substance-target 
molecule in areas of depth, breadth, and biological 
significance, bioinformatics analytical method 
demonstrates its strengths, designing existing 
exogenous substance - target molecule interaction 
database into visual network dynamic diagram by the 
calculation method. And researchers can use this 
network diagram to predict the interaction between 
unknown target molecules and exogenous molecules. 
Thus, the use of biological information analysis 
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method can not only greatly reduce research costs 
and research time, but also provide new ideas and 
ways for elucidating the pathogenesis, diagnosis and 
treatment of diseases. 
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