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ABSTRACT

Aim Comparative structural bioinformatic analysis of the con-
served domains and amino acid residues, binding grooves of the 
tumor necrosis factor (TNF) α and β in order to elucidate structure-
based inhibitor development was conducted.

Methods We carried out the bioinformatics study of TNF prote-
ins at the Department of Bio-informatics (Galgotias University, 
India) between June and December 2012. TNFα and TNF-β fun-
ctional protein sequences in FASTA format were obtained from 
the NCBI database for analysis. The online tool ClustalW from the 
European Bioinformatic Institute was used for multiple sequence 
alignment to record similarities. The Jmol server was used for 3D 
visualization of alpha helix, beta sheet and loops of TNF proteins. 
The PyMOL molecular visualization system was used to generate 
surface cavity and to identify binding grooves of TNF proteins.

Results This study showed highly conserved amino acids residues 
such as LYS11, PRO12, ALA14, HIS15, VAL50, PRO51, GLY54, 
LEU55, TYR56, LEU57, TYR59, SER60, GLN61, GLY122, 
VAL123, PHE124, PHE152, and GLY153 are consequent amino 
acids in TNF-α while residues such as ALA31, HIS32, SER77, 
GLN78, PHE166, and GLY167 are consequent amino acids in 
TNF-β. Surface cavity and binding grooves showed TNF-β with 
larger surface cavities than TNF-α with higher chances for drug 
development since small drug-like molecules can bind easily into 
the groove. 

Conclusion The results illustrate the structure of TNF proteins and 
the novel findings may guide future research on TNF and in the 
process of assisting the optimization of the pharmacological pro-
perties involving the two crucial proteins. 
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INTRODuCTION

Tumor necrosis factor (TNF) was the first dis-
covered cytokine secreted by several cells that 
include monocytes and macrophages. It is a pro-
inflammatory cytokine that secretes in response 
to many inflammatory stimuli or external cellular 
stress (1). It was first identified in mid-1970s as 
an endotoxin induced serum factor that caused 
the necrosis of certain tumors (2). However, du-
ring the latter half of the 19th century, this pheno-
menon was described by William Coley who was 
the first to investigate the phenomenon of tumor 
necrosis (3). Cerami and colleagues describe an 
unrelated molecule called as Cachectin that plays 
a role in chronic diseases (4,5). Subsequent studi-
es indicate that TNF and cachectin are considered 
to be one and the same molecule. It is found to be 
a lipoprotein lipase-suppressing serum factor in 
parasite-infected animals. This molecule appears 
to be a main factor in the pathology; it escorts 
invasion by foreign organism and the host mo-
unts an exaggerated response (6,7). TNF-α act on 
normal immune cell regulation process (8) and 
also regulates expression of MMP-9 and integrin 
αvβ6 during tumor promotion (9). It helps the 
release of other cytokines and different agents 
(10). However, at the start TNF-α tends to inte-
ract with one of the receptors, TNFR1 or TNFR2. 
After binding to the receptor, a series of protein 
cascades such as serine/threonine kinase have 
been initiated causing the activation of members 
of the MAP kinase super family. It also causes ac-
tivation of the transcription factors NFkB and Jun 
Kinase (11). NFkB consecutively regulates the 
production of many proinflammatory cytokines 
including TNF-α and related several proteins that 
are prominent for the immuno-inflammatory di-
seases (12). It has been noted that the expression 
level of TNF-α as well as expression level NFkB 
are controlled by a common feedback loop (13).
Various diseases such as inflammatory, infectio-
us, immunological, or malignant diseases such as 
rheumatoid arthritis, psoriasis, and inflammatory 
bowel disease (Crohn’s disease and ulcerative 
colitis) have been related to the transcriptional 
activity of  TNF-α (14), cachexia, and sepsis (15). 
The inhibition of TNF-α transcription constitutes 
valuable therapeutic approach for the manage-
ment of diseases. On the other hand, during seve-
re asthma, high level mRNA of TNF-α has been 

reported (16). Hence, it can be a promising target 
for the discovery of anti-asthmatic drugs. Altho-
ugh a number of tumor necrosis factor (TNF-α) 
inhibitors have been approved by the FDA and 
are already in the market namely, infliximab (Re-
micade), adalimumab (Humira), certolizumab 
pegol (Cimzia), and golimumab (Simponi) (17), 
the cost of the drugs is too high and out of reach 
for people in developing countries. For example, 
Infliximab is a chimeric monoclonal antibody 
that reduces the TNF-α which is used at a dose 
of 10 mg/kg IV weekly for up to 8 doses costing 
USD 9,000 (18).
Therefore, there is an urgent need for low-cost small 
molecular inhibitor of TNF and for the develo-
pment of small molecular inhibitors, the knowled-
ge about the structure of tumor necrosis factor is 
crucial. Two research groups developed the crystal 
structure for TNF-α almost at the same time (19,20) 
while a third group described X-ray crystallograp-
hic structure (21) and also developed some small-
molecule inhibitors. High resolution structure of 
this protein has been described (22). The TNF fa-
mily has 15 cytokines and most play an important 
role in inflammation and immune response. Howe-
ver, TNF-α (known as TNF), TNF-β (known as 
lymphotoxin-α) are significant (23). Tumor necro-
sis factor-β, a lymphokine cytokine is produced by 
Th1 type of T-cells. It induces vascular endothelial 
cells for their further activity (24). The structure-
based design of therapeutic agents is considered as 
a novel approach (25,26). Furthermore, 3D struc-
ture, conserve domains and surface structure of a 
protein are essential to design the novel inhibitors 
that can act as drugs. However little is known about 
the amino acid conservation pattern of 3D struc-
ture, binding grooves of protein members. Little is 
known about the TNF amino acid conservation 
patterns in 3D structure. The aim of this study was 
to perform a comparative structural bioinformatics 
analysis of the conserved domains and amino acid 
residues, binding grooves of the TNF family mem-
bers (TNF-α and TNF-β) to elucidate the structure 
based inhibitor development of TNF. 

MATERIALS AND METhODS 

Data on the genes related to proteins belong to tu-
mor necrosis factors (TNFα and TNF-β) from the 
National Center for Biotechnology Information 
(NCBI) (27) were collected.  The functional pro-
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tein sequences (in FASTA format) were collected 
from the NCBI database and further analyzed. 
The ClustalW software was used for the multi-
ple sequences alignment (28). Using the JalView 
(29, 42) of ClustalW, conserve amino acid resi-
dues and the related scores were recorded. Based 
on the multiple sequence alignment techniques, 
we were able to observe the similarity in sequ-
ences. Multiple sequence alignment (MSA) was 
finally merged into one by using profile to pro-
file alignment MUSCLE (30). The Jmol server 
(http://jmol.sourceforge.net/) was used to visua-
lize the secondary structures such as alpha helix, 
beta sheet and turns or loops of TNF proteins 
(31,32). This server is ideal in proving 3D visua-
lization of protein as well as chemical structures 
using the JMol applet. The conservation patterns 
of structures in TNF proteins were formed using 
ConSurf server (33,34). The conservation scores 
at each amino acid position were calculated using 
the same. It also calculated the evolutionary con-
servation of amino acid positions in proteins 
using an empirical Bayesian inference, starting 
from protein structure and sequence, respective-

ly. Highly conserved amino acids from proteins 
were used for further analysis. The PyMOL (35) 
was used to generate the surface cavity as well as 
identification of binding grooves of TNF prote-
ins. We used “.pdb” files to generate the surface 
structure and the cavities of those proteins.  

RESuLT 

Tumor necrosis factor proteins and their genes 
were recorded using original data from the NCBI 
data bank. It has been noted from the amino acid 
sequences that TNF-α is 232 amino acid protein 
(GenBank: ACO37640.1) and TNF- β is 205 ami-
no acid protein (GenBank: AAB59455.1). For 
conservation patterns analysis, we used two pdb 
files which are 3G3Y(C hain) and 1TNR (A chain) 
for TNF-α and TNF- β, respectively. The result of 
the multiple sequence alignment (MSA) has been 
provided in Figure 1. This figure has shown the 
following conserved blocks such as 15-35, 51-79, 
84-141, 148-182, and 186-232 in TNF-α, while 
TNF- β has shown conserved blocks such as 15-
35, 51-79, 84-141, 148-182, and 186-205 (Figure 
1B).  Four conserved blocks such as 15-35, 51-79, 
84-141, and 148-182 are similar.

Figure 1. Multiple sequence alignment and conservation pattern of amino acid sequences of TNF proteins. A) Conservation pattern 
of amino acid sequences of different TNF proteins, B) Schematic diagram shows the conservation regions of TNF proteins

A)

B)
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Beta sheets more than alpha helices in TNF-α. 
Three alpha helices have been noted in TNF-α 
and two alpha helices have been noted in TNF- β 
(Figure 2). 

(Figure 4) and it clearly shows that TNF-β pro-
vided more surface area with higher chances for 
drug development since small drug-like molecu-
les can bind easily into the groove. 

Figure 2. Secondary structure of TNF family members shows 
alpha helices, TNF-α (left) and beta sheet, TNF-β (right)

The numbers of highly conserved amino acid re-
studies were more in TNF-β and less in TNF-α 
(Figure 3). Nonetheless, we were able to do-
cument highly conserved amino acids of each 
protein (Table 1; Figure 4). VAL50,PRO51, 
GLY54, LEU55, TYR56, LEU57, TYR59, 
SER60, GLN61, GLY122, VAL123, PHE124  
and PHE152, GLY153 were consequent amino 
acids in TNF-α. On the other hand, highly con-
served amino acids residues like ALA31, HIS32, 
SER77, GLN78 and PHE166, GLY167 were 
consequent amino acids in TNF-β (Table 1). 
While reviewing the highly conserved residues, 
the following were found. TNF-α contained 30 
highly conserved residues and TNF-β contained 
16 highly conserved residues. So, this study has 
recorded the presence of the highest number of 
highly conserved amino acids in TNF-α.. TNF-β 
has shown bigger surface cavities than TNF-α 

Figure 3. Conservation patterns and backbone structures of 
the proteins of tumor necrosis factors. A) General conserva-
tion patterns with highly conserved amino acids in 3D struc-
ture of TNF-α and TNF-β (amino acid conservation scores 
classified into 9 levels), B) Backbone structures with highly 
conserved amino acids of tumor necrosis factor proteins

A)

B)
TNF-α

TNF-α

TNF-β

TNF-β

Figure 4. Surface cavity and binding grooves of the tumor ne-
crosis factors: some prominent surface cavities are marked 
with arrows

Tumor necrosis 
factors  Highly conserved  amino acids

TNF-α
ALA14, HIS15, TRP28, LEU48, GLY54, TYR56, 

GLN61, PRO117, LEU126, VAL150, 
PHE152, GLY153, LEU157 

TNF-β ALA31, HIS32,TRP45, GLY71, TYR73, TYR76, 
LEU114, SER132, LEU141, ASP145, 

PHE166, GLY167, LEU171 

Table 1.  List of highly conserved amino acids in tumor 
necrosis factors

Discussion

The TNFα is prevalent in various cell types, ne-
vertheless, the TNF-β is known to be available 
in very few cells. The TNFα has been created by 
extensive group of cells such as macrophages, 
CD41, CD81, T-lymphocytes, B-lymphocytes, 
LAK cells, NK cells, neutrophils, astrocytes, 
endothelial cells, smooth muscle cells, and a 
number of non-hematopoietic tumor cell lines. 
Conserved domains represent distinct units of 
3D structure (36) and they are the fundamental 
elements in the evolution of protein (37).  It has 
been recorded that conserved amino acid residu-
es asve a significant role on substrate binding as 
well as conformational integrity of N-terminal 
domain (38). It has also been noted that conser-
ved amino acid motifs have a distinct role in au-
toimmunity. The conserved regions of proteins of 
viruses are known to cross-react with tissue-de-
rived and ubiquitous autoantigens and this study 
has revealed more on the conservation pattern 
of tumor necrosis factors that domains like 15 
to 35; 51 to 79; 84 to 141; 148 to 182 and 186 
to 205/232 are more conserved. Highly conser-
ved amino acids residues TNF-α and TNF-β may 
have physiological role as well (39, 20). On the 
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