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Abstract: Tumor Necrosis Factor (TNF) encodes a pleiotropic proinflammatory cytokine that plays a
major role in regulating immune cells. The cytokine involved the perception of a wide spectrum of
biological processes, including cell proliferation, differentiation, apoptosis, lipid metabolism, and
coagulation. It has also been implicated in various diseases such as autoimmune disorders, insulin
resistance, cancer, etc. Considering the in-depth significance of TNF, the present study was designed
for their in silico analysis in Homo sapiens. This study is undertaken to find the functional and structural
basis of TNF in H. sapiens, by using various bioinformatics tools. In silico evaluation of these proteins
includes physicochemical parameters, prediction of secondary structures, and validation of different
models. These proteins could be directly or indirectly stabilized by the amino acid interactions and
hydrogen-bond networks. It elucidated the functional deviations of protein to some extent and laid the
foundation for docking and molecular modeling for future prospects.
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1. Introduction

Tumor Necrosis Factor (TNF) is a multifunctional proinflammatory cytokine, mainly
secreted by macrophages during acute inflammation and is responsible for a diverse range of
signaling events within the cells [1, 2]. TNF alpha is involved in different pathways like
proliferation, migration, survival, differentiation, and various inflammatory diseases [3-6]. The
interaction between TNF and its receptors initiates the complex molecular pathways, which
lead to death and inflammation of cells [7]. TNF is an inflammatory cytokine involved in the
pathology of various diseases of humans. Long-term anti-TNF therapy has proven to be
beneficial for normal physiological activities [8]. It has been revealed that TNF alpha
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polymorphism may be concerned with increase susceptibility to PTB (pulmonary tuberculosis),
migraine, metabolic syndrome, and sepsis [9-12]. TNF was identified as an Endotoxin-induced
serum factor responsible for causing the necrosis of many tumors [13]. During tumor
formation, the TNF-a helps regulate immune cell processes, MMP-9, and integrin avp6 [14].
It helps in the activation of cytokines and different agents [15]. Inhibitory TNF drugs are used
to treat rheumatologic diseases, NSCLC (non-small cell lung cancer), and other cancers [16].
TNFa works by binding as a trimer to either 55KDa cell membrane receptor (TNFR-1) or
75KDa cell membrane receptor (TNFR-2), which is receptors of TNF receptor superfamily and
initiates the various signaling/protein cascades [1,17]. These protein cascades are
serine/threonine kinases responsible for the activation of MAP and Jun kinase and cause the
activation of NF«B transcription factor [18]. The function of NFkB is to control the production
of several proinflammatory cytokines such as TNF-o and certain associated proteins that are
conspicuous for immuno-inflammatory diseases [19]. It has been concluded that in both TNF
a and NF«B, the expression levels are managed by a similar feedback loop [20]. Studies have
been found that TNF alpha downregulates the IRF7, IFN-a, inflammatory signaling pathways,
and NF-kB pathways by upregulating the T-cell activation and TNF production in human
plamocytoid dendritic cells [21,22].

TNFa Induced Protein 8 (TNFAIPS) is the earliest discovered component of TNFAIP8
family. It contains putative Death Effective Domain, which is the same as DEDII in FLIP (Fas-
Associated death domain-like interleukin-1f converting enzyme inhibitory protein). It may
affect cell survival and the death process. It also inhibits apoptosis and autophagy in various
cells. TNFAIP8 might be an anti-apoptotic and oncogenetic protein whose level fluctuates in
patients having inflammatory, malignant and autoimmune diseases [23]. TNFAIP8 is
responsible for causing various cancers, including cancer of the prostate, liver, lung, breast,
colon, esophagus, ovary, and others. TNFAIP8 inhibits cell apoptosis in human cancer and
promotes cell proliferation, invasion, metastasis, drug resistance, autophagy, and tumorigenesis
[24]. TNFa is considered potent proinflammatory and pathological cytokines in inflammatory
diseases like rheumatoid arthritis, SLE, and inflammatory bowel diseases [25-26]. For better
control over diseases, TNF alpha can be induced from Mtlb Esxl by using Toll-Like Receptor
(TLR2) through activation of nuclear factor-kB and MAPK signaling [27]. TNFa is also
involved in developing insulin resistance and pathogenesis of T2DM (Type 2 Diabetes
Mellitus) [28]. TNF alpha also plays a harmful and antagonistic role in the heart's
physiopathology, which includes cardioprotective action against ischemia, reperfusion injury,
and heart failure [29]. Studies have also confirmed a significant correlation between TNFalpha-
factor and cognitive scores in Multiple Sclerosis patients [30].

TNF plays a significant role in inflammation, and neuronal degeneration, despite this,
Anti-TNF therapeutics are failed to treat neurodegenerative disease. Studies of animal disease
models showed that two TNF receptors had contradictory effects on the central nervous system
(CNS), in which TNFR1 has a role in inflammatory degeneration while TNFR2 is associated
with neuroprotection. Inhibition of TNFR1 and activation of TNFR2 by ATROSAB in a mouse
model of NMDA may induce acute neurodegeneration, but continuous blocking of TNFR1 and
TNFR2 signaling may prohibit their therapeutic effect. The therapeutic activity of ATROSAB,
which is mediated by the prohibited activity of TNF toward TNFR2, proven to be essential for
neuroprotection. Studies also reveal that the complete blocking of TNF activity by anti-TNF
drugs was harmful rather than protective, despite the use of next-generation TNFR2 selective
TNF therapeutics, which are effective in treating neurodegenerative diseases [31]. Increased
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cervical cancer level is associated with genetic transformation in the TNF alpha gene and
induces a distress component for cervical neoplasia [32]. Conclusions proved that to decrease
the effect of sympathetic hyperreflexia, signaling of TNF alpha must be inhibited before two
weeks of SCI (spinal cord injury). TNF alpha actively participates in metastasis and cancer
distension [33,34]. Various essential oils extracted from plants have been proven effective
inhibitors for cytokine tumor necrosis factor-alpha and many other diseases [35]. TNF alpha
and TNFSF (tumor necrosis factor superfamily) are directly related to phosphorus, CKD-MBD
(chronic kidney disease-mineral bone disorder) by contributing to its growth and inversely
related with height z- score [36]. The transcriptional activation of TNF a is responsible for
various inflammatory and malignant diseases [37]. The increased level of TNF activates the
NK cells, mitochondrial dysfunction, and also increases the chances of hypertension and fetal
abnormalities during pregnancy[38]. Inhibition of TNF alpha is directly related to the
suppression of TIN (tubulointerstitial injury) in diabetic rats [39]. Studies reveal that pro-
inflammatory markers like IL-6 (Interleukin 6) and TNFa are highly articulated in degenerated
human intervertebral discs [40]. The prohibition of transcriptional functions of TNF o accounts
for an efficacious therapeutic perspective for the control of diseases.

On the contrary, an increased level of mMRNA in TNFa has been found in severe asthma
cases [41]. Thus the prohibition of TNFa could be a helpful target for the quest for anti-
asthmatics medicines [42]. However, various TNF a antagonists have been already licensed by
the Food and Drug Administration and are available in the market, for example, Infliximab,
golimumab, adalimumab, and certolizumab [43]. But the cost of medicines for people in
different developing countries is very high and out of their reach. Thus the economic
development of molecular inhibitors of tumor necrosis factor is very important, and for this,
one should have information about TNF structures [44]. Even the knowledge about the three-
dimensional structures, amino acid composition, and counter constitution of protein is crucial
for designing new or unusual inhibitors that can take the place of medicines. In this study,
bioinformatics analysis has been performed on physiochemical properties of TNF to elucidate
the functional deviations of TNF to some extent. Nematode Caenorhabditis elegans has been
used for many TNF studies besides cell lines [45]. Recently, Distollabrellus veechi has been
used as a living model to study the activity of fluorescent compounds [46-51]. In silico studies
of TNF can be used to explore future prospects in this dimension also.

2. Materials and Methods
2.1. Collection of data/retrieval of amino acid sequences.

The National Centre for Biotechnology (NCBI) is one of the world’s leading networks
for computational and biomedical research and was used to retrieve amino acid sequences or
FASTA files for our work (https://www.ncbi.nlm.nih.gov/). A total of ten proteins and their
sequences in FASTA format were fetched (Table 1).

2.2. Primary structure prediction and physico-chemical characterization.

PROTPARAM ExPasy (Expert Protein Analysis System) was utilized for primary
design expectation and examination of different physical and compound properties of protein
sequences. The analyzed factors included atomic weight, hypothetical pl, amino acid
composition, i.e., number of positively and negatively charged amino acids, instability index,
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and so on. An investigation of physicochemical boundaries is significant in describing the job
of protein and its atomic advancement [52].

Table 1. Various genes with their accession numbers were used for the study.

Protein Name Accession Number (NCBI)
TNF NP_000585

TNFRSM 21 PRECURSOR NP_055267

TNFRSM 6B PRECURSOR NP 003814

TNFRSM 18 ISOFORM 2 PRECURSORS NP_683699

TNFRSM 1A ISOFORM 1 NP_001056

TNFRSM 1A ISOFORM 2 NP 001333020

TNFRSM 1A ISOFORM 3 NP 001333021

TNFR LIGAND SM 13 ISOFORM o PRECURSOR NP_003799

2.3. Secondary structure prediction.

A tool called SOPMA (Self- Optimized Prediction Method with Alignment) was used
to evaluate the secondary structure of proteins. SOPMA evaluates parameters like alpha-helix
percentage, beta-sheet turns, extended strands, random coils, etc. [53].

2.4. 3D structure prediction.

I-TASSER (lterative Threading Assembly Refinement) was used to provide the
automated full-length 3D protein structures, which help obtain quantitative models [54]. The
server is freely available, and for a single protein, the tool generates five full-length models
[55].

2.5. Validation of generated models.

Five full-length models provided via I-TASSER were again evaluated by different
bioinformatics tools like ERRAT, 3D-VERIFY, PROCHECK, and RAMPAGE.

2.5.1. 3D-Verify.

The 3D profile of a protein structure is data from the atomic coordinates of the
structures used to score the compatibility of amino acid sequences with 3D structures
(http://servicesn.mbi.ucla.edu/Verify3D/). It is also useful in evaluating undetermined protein
models, which are based on electron density maps or computational procedures [56, 57].

2.5.2. Errat.

It helps in model building or in checking structures. It is a program for verifying protein
structures determined by crystallography. Error-values are plotted as a function of a sliding 9
residue window (http://omictools.com/errat-tool) [58].

2.5.3. Rampage.

RAMPAGE (RNA Annotation and Mapping of Promoters for the Analysis of Gene
Expression) will give a nitty-gritty design assessment through the Ramachandran plot.
(http://mordred.bioc.cam.ac.uk/~rapper/rampage.php) [59].

https://biointerfaceresearch.com/ 784


https://doi.org/10.33263/BRIAC121.781794
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC121.781794

2.5.4. Procheck.

It provides a detailed check on the stereochemistry of a protein structure
(http://www.ebi.ac.uk/thorntonsrv/databases/pdbsum/Generate.html) and assesses the overall
quality of the structures as compared with refined structures of the same resolution. This is also
useful for checking the quality of not only protein structures that are in process but also existing
structures [60]. The tool's results include plots, information about residues present in outlier
and favored regions [61].

2.6. Phylogenetic analysis.

For the construction of evolutionary relationships and analyzing genomic data
Molecular Evolutionary Genetic Analysis (MEGA) was used [62].

2.7. Statistical analysis.

To correlate different amino acids in the proteins, Pearson correlation and Multivariate
techniques were used.

3. Results and Discussion

Protparam tool from ExPasy was used to analyze physicochemical properties of Tumor
Necrosis Factor in H. sapiens (Tables 2,3). These protein's determined properties play an
important role in analyzing the stability and sustainability of a protein in a biological system
[63]. Among tumor necrosis genes of H. sapiens TNFRSM21 showed the highest molecular
weight, i.e., 71844.86 KDa, and TNF showed the lowest molecular weight, i.e., 25644.42KDa
(Table 3). Similar to our study, in silico studies have been reported in Caenorhabditis elegans
and Photorhabdus temperata [64].

Table 2. Amino acid (%) of Tumor Necrosis Factor in Homo sapiens.

Proteins A R N D |C Q |[E |G H |1 L K |M|F P S T |W]Y |V

TNF 82 |6 3 3 17 | 566973 |17]52]129|34/09/43 |64 |86 |43]09]3 6.9
TNFRSM 21 61 |52 |37]|46]|37 |41]|6 55 3244192 |6 2 24 |75 [104]75]09]15|63
TNFRSM 6B 1031103 | 2 2 7 47|63 |77 | 27|13 |117]07]0733[97 |57 [63]|1 1.3 ]53
TNFRSM18 94 194 |0 35]102 [55]|43]|145 |27 |04 |55 |2 1212411 784 151271042

TNFRSM1A1 |44 |59 |37 |46 |66 |33 |66 |66 |22]29]127)44|11 /31|81 |79 |[68]11]29]|51
TNFRSM1A2 |55 |63 |37|/43 |58 |[35|69 |58 |14]26]|127 |4 123784 |78 |75]14]26]49
TNFRSM1A 3 | 6 66 |2 5 33 | 33|63 |56 |07]26|142 43|13 |4 109|186 |7 2 26 | 3.6
TNFR SM13.1 84 |76 |24(132|12 |8 44196 | 24124112 |32]|24]28|64 |88 |4 2 24 | 7.2
TNFRSM 132 |85 |81 |26 |3 13 [81]47]103|17]21]112]26|26]|3 64 |85 |38]|21]|26)6.38
TNFRSM 133 |85 |77 |24 |32 |12 |81|45|97 |24|24]113|28|24|24|65 |89 |4 2 24169

Where: A=Alanine, R=Arginine, N=Asparagine, D=Aspartic acid, C=Cysteine, Q= Glutamine, E=Glutamic acid,
G= Glycine, H=Histidine, I=Isoleucine, L=Leucine, K=Lysine, M=Methionine, F= Phenylalanine, P=Proline,
S=Serine, T=Threonine, W=Tryptophan, Y=Tyrosine, V=Valine, X=Unspecified amino acid

Table 3. Physicochemical properties of different Tumor Necrosis Factors in Homo sapiens.

PROTEIN MW pl No. of AA +ve AA -ve AA Instability index
TNF 25644.42 6.44 233 22 23 40.75
TNFRSM 21 71844.86 8.09 655 73 69 49.51
TNFRSM 6B 32679.58 8.68 300 33 25 61.98
TNFRSM 18 26827.25 8.63 255 29 20 52.46
TNFRSM 1A. 1 50494.87 6.23 455 47 51 57.56
TNFRSM 1A.2 38651.26 6.03 347 36 39 59.79
TNFRSM 1A.3 33675.71 6.21 302 33 34 64.07
TNFRSM 13.1 27433.31 9.67 250 27 19 61.63
TNFRSM 13.2 25678.26 9.62 234 25 18 63.33
TNFRSM 13.3 27058.83 9.58 247 26 19 62.72
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Studies have connected molecular weight with the composition of amino acids in
proteins. There has been direct relation between molecular weight and amino acid composition
[65]. This study also supports our results in which we have observed that among all Tumor
necrosis Factors, TNFRSM21 has the highest molecular weight, i.e., 71844.86, and also has
the highest composition of amino acids, i.e., 655 (Table 3). Another parameter called the
Instability index was used for predicting the in vivo stability of Proteins by using their amino
acid sequences [66]. The proteins having an Instability index less than 40 are considered stable,
while proteins that have values more than 40 considered to be unstable. In our observations,
according to the instability index, all the proteins have values more than 40, including TNF,
i.e., 40.75 (Table 3); thus, all proteins are considered as unstable. The pl (Isoelectric point) is
the pH of a solution at which the net charge of a protein becomes zero. At the Isoelectric point,
all proteins are existed in the intensive form [67]. At a pH below their pl, i.e., less than 7
indicate that protein carries a net positive charge means proteins are acidic in nature and at pH
values above their pl mean they have a net negative charge which shows proteins are basic in
nature. According to the evaluated values of the isoelectric point from ProtParam tool TNF,
TNFRSM1A.1, TNFRSM1A.2, TNFRSM 1A.3 was acidic in nature (pH<7), whereas
TNFRSM 21, TNFRSM 6B, TNFRSM 18, TNFRSM 13.1, TNFRSM13.2, TNFRSM 13.3
were basic in nature (pH>7) (Table 3). The pl plays a prominent role in the abstersion process
as it signifies the pH level where protein solubility is minimal. Studies have shown that TNF
is sensitive to their pH levels. The activity of TNF is predominant in acidic pH, while its activity
is decreased in basic or alkaline pH [68]. It has also been studied that expression of TNF is
minimum in the presence of combined high doses of glutamine and arginine [69] while it is
maximum in the presence of sulfur-containing amino acids, i.e., cysteine and methionine [70].
From our study, we have found that TNFRSM18 and TNFRSM 13.2 have the highest content
of cysteine and methionine (Table 2).

3.1. Secondary structure prediction.

Prediction of the secondary structure of the protein was made by using Self Optimized
Prediction Method with Alignment (SOPMA) tool [55]. SOPMA calculated the parameters
such as percentage of alpha-helix, random coils, extended beta strands by homology
methodology [71]. From SOPMA we calculated that TNFRSM 1A.3, TNF, TNFRSM6B,
TNFRSM 13.3, and TNFRSM 21 has a high percentage of alpha-helix, i.e., 36.09%, 31.33%,
31.00%, 28.74%, and 28.40%, whereas TNFRSM 18 has the lowest percentage of alpha-helix,
i.e., 15.29% (Table 4). We used the Protparam tool to calculate the percentage of amino acid
in various proteins, which shows that TNFRSM 1A.3, TNF, TNFRSM6B, TNFRSM 13.3, and
TNFRSM 21 has a high percentage of Leucine and Serine in the polypeptide chains, whereas
TNFRSM 18 has a high percentage of Glycine (Table 2). Studies have shown that amino acids
have a high propensity for forming secondary structures of protein. Amino acids such as
alanine, leucine, methionine, glutamate, and lysine have high helix propensity, whereas glycine
and proline have a poor tendency of forming helical structure [72]. Leucine and alanine have
high helical propensity because of their successive repetition in helical structures [73]. These
various studies also endorse our results, where the prevalence of the above-described amino
acids accounts for appropriate secondary structures of a protein.
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3.2. Homology modeling and validation.

In our study, I-tasser was used for homology modeling. Five 3D models were derived
for all TNF using I-tasser. Different bioinformatics tools were used to accredit the attributes of
these models (Table 5). Overall Quality Factor or ERRAT which is a bioinformatics tool used
to analyze the statistics between different atoms having non-bonded interactions [74]. I-tasser
has been used to check the quality of models concerning an overall quality factor that checks
the reliability of calculated models [75]. The high quality of generated models shows the
highest values of quality factor [76]. The supposed range is greater than 50 for a high-quality
model. In TNF of Homo sapiens TNFRSM 21, TNF, TNFRSM13.3, TNFRSM 1A.2,
TNFRSM 13.1, TNFRSM 1A.3, TNFRSM 18, TNFRSM 13.2, TNFRSM 1A.1 and TNFRSM
6B has the highest Errat scores i.e 95.2%, 88.88%, 86.19%, 82.68%, 80.16%, 78.91%, 75.9%,
75.66%, 74.58% and 55.51% (Table 5).

Table 4. Secondary structure percentages (%) by SOPMA of TNF of Homo sapiens.

Protein Alpha 310 helix Pi helix | Beta bridge Extended Beta Bend region Ra_ndom Ambiguous
helix (%) (%) (%) (%) strand (%) | turn (%) (%) coil (%) states (%)
TNF 31.33 0.00 0.00 0.00 25.75 7.30 0.00 35.62 0.00
TNFRSM21 28.40 0.00 0.00 0.00 10.84 4.27 0.00 56.49 0.00
TNFRSM6B 31.00 0.00 0.00 0.00 8.33 6.67 0.00 54.00 0.00
TNFRSM18 15.29 0.00 0.00 0.00 9.41 7.06 0.00 68.24 0.00
TNFRSM 1A. 1 26.87 0.00 0.00 0.00 11.87 4.18 0.00 57.14 0.00
TNFRSM 1A. 2 25.07 0.00 0.00 0.00 11.82 3.46 0.00 59.65 0.00
TNFRSM 1A. 3 36.09 0.00 0.00 0.00 6.62 5.63 0.00 51.66 0.00
TNFRSM 13.1 26.00 0.00 0.00 0.00 21.60 5.60 0.00 46.80 0.00
TNFRSM 13.2 27.78 0.00 0.00 0.00 24.36 5.13 0.00 42.70 0.00
TNNRSM 13.3 28.74 0.00 0.00 0.00 22.67 4.86 0.00 43.72 0.00

As per the calculated data, all TNF models showed the value of quality factor greater
than 50, which shows that all Errat models are appropriate for further proteomic studies. To
evaluate protein structures, 3D- verify score has been used to compare the structural
environment of protein with a referential environment of amino acids [59]. In TNF of Homo
sapiens 3D- verify percentage of the best model were 93.13%, 56.03%, 90.67%,95.29%,
86.81%, 82.71%, 98.68%, 99.6%, 95.3% and 92.71% for TNF, TNFRSM21, TNFRSM6B,
TNFRSM18, TNFRSM1A.1, TNFRSM1A.2, TNFRSM1A.3, TNFRSM13.1, TNFRSM13.2
and TNFRSM13.3 (Table 5). PROCHECK, another 3D-validation tool, checks the
stereochemistry of a protein structure, producing several postscript plots analyzing its overall
and residue-by-residue geometry using Ramachandran Plot. This plot has three regions —
residues in the allowed region, most favored regions, and residues in disallowed regions. In
pursuance of PROCHECK, if the most favored regions have over 90% amino acids, then the
model must be considered a good quality model. RAMPAGE provides a detailed structural
evaluation that shows the number of residues in allowed and outlier regions and the number of
residues in favored regions. In Homo sapiens, TNF, TNFRSM21, TNFRSM6B, TNFRSM18,
TNFRSM1A.1, TNFRSM1A.2, TNFRSM1A.3, TNFRSM13.1, TNFRSM13.2 and
TNFRSM13.3 has highest value of PROCHECK score, i.e., 67.8%, 60.9%, 54.1%, 46.3%,
65.0%, 57.4%, 61.6%, 65.4%, 65.8% and 65.4% (Table 5). In case of best model of TNF the
RAMPAGE score, i.e., the number of residues in favoured regions were 75.3%, 77.6%, 63.1%,
56.1%, 75.1%, 67.8%, 68.0%, 71.0%, 70.3% and 74.3% for TNF, TNFRSM21, TNFRSMG6B,
TNFRSM18, TNFRSM1A.1, TNFRSM1A.2, TNFRSM1A.3, TNFRSM13.1, TNFRSM13.2
and TNFRSM13.3 (Table 5). A high value of generated models indicates the advanced quality
of all these models.
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Table 5. Validation scores of different 3D models of Homo sapiens generated via I- TASSER.

PROTEIN 3D VERIFY (%) ERRAT (%) PROCHECK (%) RAMPAGE (%)
TNF 93.13 88.88 67.8 75.3
TNFRSM 21 56.03 95.2 60.9 776
TNFRSM 6B 90.67 55.51 54.1 63.1
TNFRSM 18 95.29 75.9 46.3 56.1
TNFRSM 1A.1 86.81 74.58 65.0 75.1
TNFRSM 1A.2 82.71 82.68 57.4 67.8
TNFRSM 1A.3 98.68 78.91 61.6 68.0
TNFRSM 13.1 99.6 80.16 65.4 71.0
TNFRSM 13.2 95.3 75.66 65.8 70.3
TNNRSM 13.3 92.71 86.19 65.4 743

NP 001333020.1 tumor necrosis factor receptor superfamily member 1A isoform 2 Homo sapiens

NP 001333021.1 tumor necrosis factor receptor superfamily member 1A isoform 3 Homo sapiens

42

NP 001056.1 tumer necrosis factor receptor superfamily member 1A isoform 1 precursor Home sapiens

NP 055267.1 tumor necrosis factor receptor superfamily member 21 precursor Homo sapiens

NP 003814.1 tumor necrosis factor receptor superfamily member 6B precursor Homo sapiens

NP 683699.1 tumer necrosis factor receptor superfamily member 18 isoform 2 precursor Homo sapien:

NP 000585.2 tumer necrosis factor Homo sapiens

NP 003799.1 tumor necrosis factor ligand superfamily member 13 isoform alpha precursor Homo sapiens

NP 742084 1 tumor necrosis factor ligand superfamily member 13 isoform beta precursor Homo sapiens
100

NP 742085.1 tumor necrosis factor ligand superfamily member 13 isoform gamma Homo sapiens

Figure 1. Phylogenetic analysis of TNF proteins of Homo sapiens.
3.3. Phylogenetic analysis.

To determine an evolutionary relationship between various Tumor Necrosis Factor
proteins of Homo sapiens, the MEGA7 bioinformatics tool was used [62, 77, 78]. The sequence
was aligned using ClustalW [79-81].

0.2

- 04

0.6

0.8

1

Figure 2. Pearson correlation of different TNF in Homo sapiens.
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The bootstrap value of 60 was taken as the threshold. Phylogenetic tree reveals that out
of all ten proteins, TNFRSM 13 isoform o, TNFRSM 13 isoform , TNFRSM 13 isoform y
were evolved earlier [82]. The proteins TNFRSM 1A isoform 2, TNFRSM 1A isoform 3,
TNFRSM 1A isoform 1 were recently evolved. TNFRSM 1A isoform 2, TNFRSM 1A isoform
3, TNFRSM 1A isoform 1, and TNFRSM 21 are evolved from a common ancestor TNFRSM
6B. The proteins TNFRSM 13 isoform a, TNFRSM 13 isoform 3, TNFRSM 13 isoform vy, and
protein TNF are evolved from the common ancestor TNFRSM 18 isoform 2 precursors.
Proteins TNFRSM 13 isoform o, TNFRSM 13 isoform , TNFRSM 13 isoform vy are distantly
related from proteins TNFRSM 1A isoform 2, TNFRSM 1A isoform 3, TNFRSM 1A isoform
1 (Fig. 1).

3.4. Pearson correlation.

By using Pearson’s correlation [83] for different amino acids, it has been found that in
the case of Homo sapiens, lysine, isoleucine, glutamine, arginine, lysine, leucine, and
asparagine are positively correlated to aspartic acid, tyrosine, methionine, alanine, serine,
phenylalanine, and isoleucine. While arginine, alanine, glutamine, proline, threonine, and
glycine are negatively correlated to lysine, aspartic acid, isoleucine, valine, cysteine,
asparagine, and lysine (Fig. 2).

3.5. Multivariate technique.

From multivariate technique [84-88] and heat map cluster analysis of Homo sapiens, it
has been found that- Proteins TNF, TNF ligand SM 13 isoform beta precursor, TNF ligand SM
13 isoform gamma precursor, and TNF ligand SM 13 alpha precursor have the same amino
acid composition of alanine, serine, proline, asparagine, tryptophan, cysteine, threonine, and
valine. Proteins TNFRSM 18 isoform 2 precursors, TNFRSM 21 precursor, TNFRSM 1A
isoform 3 precursor, and TNF have different amino acids (Fig.3).

ﬁ%#&

Figure 3. Heat map showing an amino acid composition of different TNF in Homo sapiens.

4. Conclusions

Our studies revealed in silico structure prediction and assessment of TNF proteins.
According to parameter, i.e., instability index, all the TNF proteins were found to be unstable.
The assortment of acidic and basic proteins was done by considering the isoelectric point. The
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prevalence of alpha-helical structure was predicted in the secondary structure of these proteins.
For all ten TNF, a total of five 3D- models were generated, out of which the most predicted
structure was evaluated through different validatory scores, i.e., ERRAT%, 3D-VERIFY%,
RAMPAGE%, and PROCHECK%. This study explored the basic characteristics and structures
of TNF, which will lay the foundation for protein docking and molecular modeling of these
proteins for future studies.
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