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Abstract 
 

Hypericum perforatum, also known as St John’s Wort, has received special 
attention due to its pharmacological characteristics. It is widely known 
perennial herb for treatment of both mild and severe depression, especially in 
children and adolescents. RNA polymerase C is a protein which transcribes 
the information into mRNA, specifically having role in DNA binding or 
transcription factor recognition. With such prominent significance the three 
dimensional (3D) structure of RNA Polymerase C is still not reported. 
Homology modeling, a method to predict the structure of proteins, is utilized 
to design RNA Polymerase C protein structure. The template protein is 
obtained by Geno3D server via template protein pdb|3IYD|chain D, which has 
identity 63%, E value 9e-63 and alignment Score 599. A server for 
comparative modeling namely SWISS MODEL is used to compare the 
template protein with the target protein to construct a rough model. The 
structure of RNA polymerase C protein of Hypericum perforatum is found to 
resemble the structure of peroxiredoxin high resolution structure of Ding 
Protein of Pseudomonas fluorescence. From Ramachandran plot analysis the 
portion of residues falling into the most favored regions is calculated to be 
69.5%. The 3-D model so designed may be further characterized, analyzed and 
illustrated using other modeling techniques. 

 
Keywords: Homology Modeling, Structure, Blast, mRNA, Ramachandran plot, St. 
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Introduction 
Hypericum perforatum a yellow flowered herb also known as St John’s Wort, is used 
in healing for more than two thousand years. It contains both immune enhancing and 
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anti-viral components and is being studied by AIDS researchers. St John's Wort has 
significant concentrations of immune-modulating flavonoids, and also contains 
hypericin, a substance that is both antiviral and antidepressive [1-2]. Extracts from 
this plant are utilized in the treatment of mild to moderate depression, anxiety, mania, 
hypochondriasis, fatigue, sleep disorders, treating wounds for allaying the pain of 
contusions, all pulmonary complaints, kidney conditions, and treatment of 
inflammation and bacterial infections [3, 4]. Likewise, P27SJ, a novel protein 
acquired from the St John's Wort suppresses expression of HIV-1 genome. P27SJ 
associates with C/EBPβ, a transcription factor that regulates expression of the HIV-1 
genome in macrophages and monocytic cells, and the viral transactivator Tat [5].  
 RNA polymerase is a protein that transcribes the genomic information stored 
within the DNA into messenger RNA (mRNA) [6-7]. The process of transcription can 
be divided into initiation, transcript elongation and termination and recycling of RNA 
Polymerase C (RNAPC) [8]. 
 A very challenging problem in the field of drug discovery and computational 
biology is Protein modeling. Advances and progress in computational power have 
helped to solve this problem to a considerable extent; however, predicting accurate 
three-dimensional structure of proteins has always been and remains a complicated 
assignment. Two common methods of protein structure prediction are template-based 
modeling and ab initio modeling. Template based modeling is more popular [9]. 
Comparative modeling also known as Homology modeling (HM) is a method for 
constructing an atomic-resolution model of a protein from its amino acid sequence 
[10]. 
 When the target and template are closely related HM can produce high-quality 
structural models. Thus, inspiring the formation of a structural genomics directed 
towards the production of representative experimental structures for all classes of 
protein folds. [11]. In bioinformatics, the utilization of the technique like HM has 
proved to be of immense significance. The 3D structure of the proteins held no 
meaning until the correct interpretation of their detailed structure was illustrated 
contextually [12]. For this pioneer plant protein the primary aim is to predict the 3D 
structure in order to show the importance of this medicinal plant protein and underline 
its other applications [13]. 
 
 
Materials and Methods 
Target Sequence Retrieval  
From the NCBI sequence database the retrieval of the amino acid sequence of the 
RNAPC [15] is achieved. The Accession No. of the sequence so obtained is 
ADD47958.1 and the GeneID is 290585426. In Protein Data Bank the 3D structure of 
the protein is not available. Thus, the designing of the 3D model is carried out 
considering the novel protein of Hypericum perforatum. The protein consists of 178 
amino acid residues. 
 
Template Searching and Sequence Alignment  
The modeling of the target protein is obtained by finding a suitable template protein. 
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An attempt is made to search the template protein through Geno3D server; an online 
tool to search similar sequences on the basis of structure and sequence-wise similarity 
[16]. From the homology searching an intact activator-dependent transcription 
initiation complex (3IYD) of [3IYD: D] Chain D [17] is selected as template protein. 
The Swiss-Pdb Viewer package is used to derive the amino acid sequence alignment 
of the target and template proteins [18]. The minimization of the number of gaps and 
insertions are inspected and adjusted manually by aligning the sequences using 
default parameters. 
 
Rough Model 
Rough 3-D model is constructed from the sequence alignment between RNAPC and 
the template proteins using SWISS MODEL [19-20]. 
 
Refinement and Evaluation of Refined Model 
With the aid of steepest descent and conjugate gradient techniques the rough model, 
so constructed, is solvated and subjected to constraint energy minimization with 
harmonic constraint of 100 kJ/ mol/Å2 applied for all protein atoms. Due to this the 
bad contacts between protein atoms and structural water molecules are eliminated. 
Computations are carried out in vacuo with the GROMOS96 43B1 [21] parameters 
set, applying Swiss –Pdb Viewer. 
 In the last step of HM, a series of tests for testing the internal consistency and 
reliability of the refined structure model are carried out. As a result, the backbone 
conformation is evaluated by the inspection of the Psi/Phi Ramachandran plot 
obtained from PROCHECK [22] analysis. The Swiss-Pdb Viewer energy 
minimization test is applied to check for energy criteria in comparison with the 
potential of mean force derived from a large set of known protein structures. Packing 
quality of the refined structure is investigated by the WHATIF [23]. 
 
Pocket Identification 
The submitted model (PM0077218) is further used for finding pocket to identify 
residues which are involved in binding of substrate or transcription factor. A Probe 
radius 1.4 Angstrom is used to do this study. 
 
 
Result and Discussion 
While generating useful model only 30 % of the sequence homology is constructive. 
In this case, the sequence alignment score i.e. 599, was determined by the aid of 
Clustal W2 [24]. During our work, based on results calculated from 
mGenTHREADER [25] program and geno3D, the X-ray structure of the Chain A - 
pdb |3IYD| D, a high resolution structure of intact activator –dependent transcription 
initiation complex is selected as template. By using BLAST [26], for template protein 
3IYD E value 9e-63, identity 63% and alignment score 599 is obtained. SWISS 
MODEL is used for building the model and global energy minimization [27].  
 With the help of SWISS MODEL technique, model is generated. The stereo-
chemical parameters of the proteins like main and side chains data of RNAPC are 
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considered, to determine the quality of the model which is generated using 
PROCHECK 3.0. The main chain parameters like Ramachandran plot quality; peptide 
bond planarity, C-alpha Chirality, over-all G factor and the bad contacts per 100 
residues are found to be within the limits for the model. The side chain parameters are 
in better range and within the limits for RNAPC. After comparing all parameters best 
model is obtained. Best model is subjected to refinement by using energy 
minimization. Refined model was analyzed by different protein analysis programs 
including RAMPAGE Software [14] for the evaluation of the Ramachandran plot 
quality, and WHATIF for the calculation of packing quality.  

 

 
 

Figure 1: Ramachandran plot analysis of model using RAMPAGE [14] server. It 
shows the various residues falling in favoured, allowed and outlier region and the 
Glycine residues (143 residues are in favoured region, 28 in allowed region and 7 in 
disallowed region) so > 90% residues have allowed conformations. 
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 The Ramachandran plot for RNAPC using RAMPAGE software revealed that 
among the 178 residues, 143 residues are in favored region, 28 in allowed region and 
7 in disallowed region proving that the predicted model is acceptable (Fig. 1). 
Ramachandran plot for general, glycine, pre-proline and proline is also done and 
found that the glycine, pre-Pro and proline of RNAPC all fall under allowed regions. 
Packing quality for this model is found in normal range with the help of WHATIF 
server. From the tools VERIFY_3D [28] & ERRAT [29] which is available at 
Structural Analysis and Verification Server (SAVES) demonstrated that 50.57% of 
the residues had an averaged 3D-1D score > 0.2 and Overall quality factor 43.871.  

 

 
 

Figure 2: Ray diagram of 3D modeled structure of RNAPC. In this model residues 
which are responsible for alpha helix and extended strand are 74 and 25 respectively 
while 79 residues involve for random coil region. 
 
 
 The overall results provided the evidences that the predicted 3D structure of 
RNAPC is acceptable and of good quality. This structure (Fig 2; see PMDB ID - 
PM0077218 [30] for the corresponding coordinates in pdb format) is found to be 
satisfactory based on the above results. To identify the pocket in this model CASTp 
server was used. The volume and area of the best pocket which identified by using 
CASTp server was 1117.7 and 738.9 respectively (figure 3).  

 

 
 

Figure 3: Residues involved in pocket formation are shown in green color. (CASTp 
server [31]) 
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 Drug designing and molecular modeling is the base of dry-laboratory research 
work. It highlights the in silico study of protein and nucleic acid which serves as a 
source of raw information and knowledge to the field of bioinformatics. The 
designing and structural prediction of these particular proteins encompasses vast 
details which serve multifaceted implications. This model of RNAPC, submitted 
successfully in Protein Model Database (PMDB) with the PMDB ID – PM0077218. 
(Refer Fig.2), characterizes the proteins wet laboratory applications and illustrates the 
mechanism of exact functioning of the protein.  
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