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Introduction
Tumor Necrosis factor-α (TNF-α), was discovered in 1975 by Old and 
coworkers, as a macrophages cell product responsible for LPS induced 
apoptotic death of tumour cells  [1]. It was initially named as 
“cachectin”, a protein which in mice caused hyperthermia and death, 
when infected with parasites [2]. Later studies showed that TNF-α was 
same as lymphotoxin (LT-α)( [3,4].TNF-α is implicated in the 
pathogenesis of chronic inammatory diseases, like Psoriasis, 
Rheumatoid arthritis , Crohn's disease and ankylosing spondylitis [5]. 
The soluble form of TNF- α is a 157 amino acid protein originating 
from the trans-membrane precursor protein  through Pro-TNF-a
proteolytic cleavage that leaves the transmembrane and intracellular 
portions untouched..The catalytic enzyme mediating the cleavage is 
called TNF-α converting enzyme (TACE). Recently, TACE was also 
found to be a important factor contributing to radiotherapy resistance 
of cancer cells [7]. TACE is also a chief regulator of MAP kinase  and 
Notch signaling L- pathways [8]. TACE also mediates the release of 
selectin which is useful for cell to cell adhesion [9]. TNF-α/ TACE  are 
involved in the pathogenisis of multiple sclerosis (MS). In a 
longitudinal study on 11 relapsing-remitting MS patients, where 
mRNA expression of TNF-a and TACE was estimated , Patients who 
had high quantity of TACE mRNA in PBMCs showed a signicantly 
higher disease activity [10].

Experimental Dual MMP-TACE inhibitors reduced inammation in 
collagen and adjuvant-induced arthritis models in animals [11]. 
However, preclinical studies were halted as liver toxicity was observed 
.
TACE inhibitor BMS-561392 in twice daily doses was equally 
efcacious as Enbrel and was more effective than Remicade in 
reducing inammation in collagen-induced arthritis model in animals 
[12]. Two TACE inhibitors TMI-005 ,BMS-561392  were evaluated in 
Phase II clinical trial. The trials were stopped due to liver toxicity and 
lack of clinical improvement [13]. 

In the present study, pharmacophore model was generated for Human 
TACE inhibitors using Phase module 4 (Schrödinger Module2016 ) 
[14,15]. Subsequently we built a atom based 3D-QSAR model was and 
did database screening  in search of phytochemical compounds which 
matched the QSAR model. The matched compounds were then docked 
against TACE  protein using glide to study its binding afnity  
interaction  with the protein.

Methodology:
Dataset
A total of 165 TACE inhibitors were recognized from the literature [16, 
17, 18 ,19, 20, 21, 22, 23, 24] and the pIC50 (pIC50 = -logIC50) values 
were calculated. The dataset contains different chemical classes, 
namely, dihydropyridine, imidazolinedione, dicarboxamide, 
phenylpyrrolidine,benzamide,carbamoyl imidazole, sulfanylidene  
imidazolidinone . The structures were downloaded as sdf les in 
Maestro suite and prepared using the LigPrep  module. Different 
conformer was generated using confgen. Energy minimization was 
doneusing OPLS 2005 with an implicit distance-dependent dielectric 
solvation treatment.

The Generation of Pharmacophore hypothesis and 3D-QSAR model 
building and Validation of QSAR model
The pharmacophore model was generated using Phase version 4, 
Schrödinger suite 11 using a set of pharmacophore features to generate 
sites for all the compounds [25]. There are six built inpharmacological 
features in Phase, namely hydrogen bond receptor (A), hydrogen bond 
donor (D), hydrophobic group (H), negatively ionisable (N), positively 
ionisable (P) and aromatic ring 
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Aim: Tumor necrosis factor-α converting enzyme (TACE ) is a metalloproteinase which cleaves Pro-TNF-α protein at its 
Ala76-Val77 amide bond, thereby releasing a soluble 17kDa ectodomain which mediates various proinammatory 

activity of cytokine Tumor necrosis factor-α (TNF-α ). TACE is promising target for treatment of various autoimmune diseases like Multiple 
Sclerosis, Psoriasis, Rheumatoid arthritis etc. We have built  ligand-based pharmacophore and 3D-QSAR models based on  TACE inhibitors 
with known IC50 values using PHASE software of Schroedinger. 
Methods: We found that model AADDR.144  has highest R2 value (0.9921), Pearson R value of 0.6698  and a low Standard Deviation (SD) of 
0.0761 and Root-Mean- Square-Error value (RMSE) of 0.6433.Validation using training and test set compounds was done. 
Results: The generated 3D-QSAR model was found to be useful in predicting activities of new ligands. Screening of Phytochemicals was done 
and phytochemicals which are similar to the AADDR.144 model were further docked to TACE protein GLIDE software. 
Conclusion: Phytochemical compounds Delphinidin, Canthin 6-one glucoside, Malvidin, Myrecetin,  Amentoavone, Hesperidin have good 
structural similarity to QSAR model built based on known TACE inhibitors and these compounds also have good binding afnity to TACE 
protein in docking.   
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active based on PIC50 values. Among the 165 compounds 6 had PIC50 
values > 9.5 and were designated as actives.  The 165  compounds  
yielded 26  variants  of  pharmacophores of which 12 variants  
matched all the 6 active compounds. The alignment of 12 variants was 
measured using survival scores [26] and the default values have were 
used for the hypothesis generation. The top 5 variants with high 
survival scores  (AADDR-144, AAADR.334, AAADR.566, 
ADDHR.2, AADDR.104) were used to develop QSAR model.

Every 5th compound was chosen as a test set, so 33 were selected as a 
test set and remaining were used as training set to generate atom-based 
QSAR models. This type of test set selection procedure was employed 
to represent the range of biological activities similar to the training set 
molecule. To encompass the space occupied by the aligned training set 
molecules the rectangular grid was generated with the spacing of 1.2Å. 
Each model contains seven or more partial least square (PLS) factors 
tend to t the pIC50 values beyond their experimental uncertainty. The 

2statistical parameters R  (coefcient of determination) and SD 
(standard deviation of regression) were calculated to evaluate the 
overall signicance of the model. . Based on statistical values QSAR 
model built using  AADDR.144 was found to be the  best QSAR model 
and was validated by predicting activities of 33 test set compounds. 
Regression was constructed for a series of model with the increasing 
number of Partial Least-Square (PLS factor). As the number of PLS 
factors increased, the statistical signicance and predictive ability of 
the model was also incrementally increased up to 8. 

The pharmacophore hypothesis AADDR.144   included the following 
features (Figure 1): the hydrogen bond acceptor (sphere with arrow 
A4 and A5), hydrogen bond donors (D6,D7 blue spheres) and the 
aromatic ring (R13 circle).

Figure 1. AADDR.144

Figure 2.AADDR.144 – QSAR

AADDR.144 QSAR ACTIVITY SCATTER PLOT

2It was found that AADDR.144  has highest R  value (0.9921), Pearson 
R value of 0.6698  and a low Standard Deviation (SD) of 0.0761 . 
Larger valueof F (416) with the smaller value of p (7.42e-66) indicates 
a statistically signicant regression model with high degree of 

condence. The small value of SD of 0.0761 and Root-Mean- Square-
Error value (RMSE) of 0.6433 indicates that the data used for the 
analysis of the QSAR model was good even though QSAR model was 
generated using the different set of chemical class compounds. 

Virtual screening
1200 phytochemical compounds structures were downloaded from 
MAPS phytochemical  database  [27, 28]. The structures were 
downloaded as sdf les in Maestro suite and prepared using 
LigPrepmodule. Energy minimization was done using OPLS 2005 
with an implicit distance-dependent dielectric solvation treatment. 
Matches for the AADDR.144  were searched from 

downloaded structures. 102 matches were found for AADDR model 
among the downloaded phytochemical compounds. These matched 
compounds were further docked to the TACE structure using Glide 
software.

Protein Preparation for docking
The X-ray crystallographic structure of human TACE  was 
downloaded from the PDB database (PDB ID:2M2F [29] and was 
optimised using the protein preparation wizard of Schrödinger 
Module. Energy minimization was done using OPLS-2005 force eld. 
Hydrogen atoms were added in appropriate sites of protein to optimize 
ionization and tautomeric states of amino acid residues. The receptor 
grid was generated with the help of  Receptor Grid Generation Panel. 
The receptor site was made of residues Glu406, Leu348, LY346, 
Gly349,  Thr347, Gly346, Gly349, Val402, Val 439, Leu401, Tyr436, 
Tyr433, Lys432, Asn447, Val440, Ser441, His415, Glu398, Leu350, 
Pro437, Ile438. The matches obtained for pharmacopore AADDR-144 
were docked using Standard Precision mode.The docking scores were 
validated by comparing with docking scores of compound Marimastat  
[30] which is a TACE and Matrix metalloproteinase inhibitor. 

Results and discussion:

Matches were found to AADDR.144 pharmacopore among 
compounds belonging to Flavinoids, Flavones, diarylheptanoids, 
anthocyanidins groups. These compounds also showed good binding 
properties and are possibly good inhibitors of TACE 

Compound Predicted 
activity

Docking 
score

Glide 
Score

Glide 
Energy

Hydrogen bonds

Marinastat -9.954 -8.234 -8.234 -60.341 His415, Glu406, 
Leu348, Pro437, 
Gly346, Ala439

1 Delphinidin 8.534 -11.029 -11.035 -65.489 Pro437, Gly349, 
Glu406,Ser441, 
Tyr433

2 Canthin-6-
one 9-
glucoside

8.744 -10.664 -10.730 -60.126 Asn389, Val434, 
Glu398,Ser441,Hi
s405

-3-glucoside 8.158 -10.254 -10.261 -65.458 His409, His405, 
Val434, 

3 Myrecetin 8.227 -9.824 -9.824 Gly349,Glu406, 
Pro437, Ser441, 
Tyr433

4. Amentoav
one

8.315 -8.805 -8.807 -71.789 Gly349

5. Hesperidin 8.540 -8.769 -8.769 -73.353 Glu406, Gly349, 
Tyr433, Thr347, 
Met345

6. Calyxin -l 8.838 -8.721 -8.721 -71.777 Gly349, Asp 313, 
Glu 406

Figure 4 Delphinidin

Figure 5 Myricetin
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Figure 11. Amentoflavone interaction with TACE

Delphinidin (Dp)which is a anthocyanidin present in Hibiscus, showed 
good binding activity to TACE in our study s  reduced the levels of 
inammatory mediators including iNOS, NO, IL-6, and TNF-α 
induced by Lipopolysaccharide  in in-vitro and in-vivo studies. 
Cellular signaling analysis revealed that Delphinidin downregulated 
NF-κB pathway and MEK1/2-ERK1/2 signaling.Its action may be 
accentuated if it possess TACE inhibiting property also[30]. 
Amentoavone, a biavonoid is shown to be inhibitory to  NF-kappa-
B,  IkappaB-alpha degradation and translocation of  NF-kappa-B into 
nucleus in TNFalpha-activated A549 cells [31]. The TACE inhibiting 
potential of these compounds need to be explored.

Conclusion
Some of the phytochemical compounds have good structural similarity 
to QSAR model built based on known TACE inhibitors and these 
compounds also have good binding afnity to TACE protein in 
docking. 
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