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ABSTRACT 

 

Cytochrome P450 monooxygenase isolated from anti-malarial Artemisia annua L. plants belongs to the family 

Asteraceae is involved in artemisinin biosynthesis considered as a vigorous anti-malarial drug. To understand the 

structural and functional features of amorpha-4,11-dienemonooxygenase, a variant of cytochrome P450 

monooxygenase (CYP71) may help in the up-regulation of artemisinin. In this context, biocomputational approaches 

were used to study the amorpha-4,11-diene monooxygenase catalytic features related to other biosynthetic enzymes 

targeted from artemisinin biosynthesis. The full-length gene was cloned from a high yielding artemisinin strain of 

the A. annua L. plant with size of (2054 bp) and encodes for the CYP71 protein (495aa) protein residues with 

different conserved domains/motifs. The molecular weight ~55.73kDa and isoelectric point 9.13 of CYP were 

observed through in silico analysis. The phylogenetic analysis revealed that cyp71 gene of A. annua  was 

evolutionary conserved with other plant species of cytochrome family. The Modelled 3D structure of CYP71 protein 

has shown the catalytic relationship between the three different ligand molecules such as farnesyl pyrophosphate 

(FPP), omega 4,11-diene (AD) and artemisinic alcohol (AA). The in silico information showed a key role of binding 

of these molecules for up-regulation of artemisinin biosynthesis and its accumulation. 

Keywords: in silico characterization, Artemisinin, cyp71 gene, Phylogenetic tree, Homology modelling, Docking. 
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INTRODUCTION 

 

Plant cytochrome P450 monooxygenases (CYPs) form a large super-family is composed of multifunctional, heme-

iron complex. It is catalysing the NADPH and oxygen dependent hydroxylation reactions in plants system and also 

involved in the biosynthesis of a variety of bioactive compounds such as artemisinin, vinblastine, fatty acids, 

hormones, pigments etc. [1-3]. The biosynthetic route for artemisinin biosynthesis proposed by different 

investigators starting from farnesyl pyrophosphate (FPP) to artemisinin via different cascades [4]. The first step in 

artemisinin biosynthesis is catalysed by amorpha-4,11-diene synthase (ADS) which is a sesquiterpene cyclase, it is 

followed by the oxidation of amorpha-diene into artemisinic alcohol and artemisinic aldehyde/dihydroartemisinic 

aldehyde. Further step is catalysed by an enzyme, cytochrome P450 monooxygenase (amorpha-4,11-diene 

monooxygenase; CYP71) which is encoded by cyp71 gene. Thereafter, a cytochrome P450 monooxygenase oxidizes 

amorpha-4,11-diene at the C12 position to artemisinic acid in three sequential steps [5-6]. However, recent data 

proposed that the primary route of artemisinin biosynthesis is through the artemisinic aldehyde intermediate resulted 

from the second oxidation step of cytochrome P450 monooxygenase i.e. amorpha-4,11-diene monooxygenase [7-9]. 

Artemisinin is biosynthesized from A. annua L. plant native of china. The proportional low concentration of 

artemisinin (0.01-1.1% dry weight) production is the serious concern worldwide [10-11]. Biotechnological 

approaches have been considered as a feasible approach for its production [11-12]. Recent years, several studies 

have been conducted in different laboratories to understand artemisinin biosynthesis and its regulation in A. annua 

L. plants to improve the content of artemisinin [5,11-12]. Keeping the facts observed from literatures regarding the 

plant cytochrome P450 (CYPs) and its complexity in metabolic network between the enzymes, we have analysed in 

silico based study for the catalytic relationship of CYP71 with other enzymes linked to the artemisinin biosynthesis. 

 

Materials and Methods 

The Artemisia annua seeds (0.7-0.9% artemisinin DW, dry weight basis) were obtained from the Centre for 

Transgenic Plant Development, Department of Biotechnology, Hamdard University, New Delhi, India. Plants were 

grown in the experimental field of Jamia Hamdard, New Delhi, India. 

Isolation and PCR amplification of amorpha-4,11-diene monooxygenase (CYP71) 

The genomic DNA was isolated from leaves of high yielding morphotypes of A. annua L. plant, using the C-TAB 

Method [13]. The primers were used in this study, designed on according to the previously available sequence from 

NCBI data base (Accession No. DQ826743). The primers were used, Forward primer; 5’ 

GAAGAGTATACTAAAAGCAAT3’ and Reverse primer; 5’AAACTTGGAACGAGTAACAACTCA3’ for PCR 

amplification of cyp gene. The PCR amplification was done using the method of [14] 

Cloning and sequencing of amorpha-4,11-diene monooxygenase gene 

The resulting PCR product was purified and ligated into the pGEM-T-easy cloning vector (Promega Inc.) following 

the manufacturer’s instruction. The ligation mixture was then used to transform E. coli DH5α (100 µl) competent 

cells. The cells were mixed with 900 µl of Luria broth (LB) medium, incubated at 37°C for an hour and E. coli cell 

culture (100 µl) was plated onto X-gal/Amp/IPTG/LB plate. Following overnight incubation at 37°C, the 

recombinant colonies were picked and used for plasmid extraction. Plasmid DNA was purified using 

GeneJETTMPlasmid Mini prep Kit (Fermentas Life Science) following the manufacturer’s instructions. The clones 

were confirmed through PCR amplification. The automated sequencing was revealed for cyp gene in both the 

forward and reverse directions using SP6 and T7 promoter universal primers using the ABI Prism automated DNA 

sequencer (Chromus Biotech, India). 

Sequence and phylogenetic analysis 

The nucleotide and protein sequence were analysed on the basis of homology searches using the basis local 

alignment search tools (BLAST) algorithm. Sequence analysis was performed by using online tools of the ExPASy 

Server and Splign (http://www.ncbi.nlm.nih.gov/sutils/splign/splign.cgi) for nucleotide and amino acid sequences 

http://www.ncbi.nlm.nih.gov/sutils/splign/splign.cgi


Pravej Alam et al Int. J. Pharm. Res. Allied Sci., 2017, 6(1):22-46 

______________________________________________________________________________ 
 

24 
 

and generate comparative of CYP71 [15-16]. Primary structure analysis was done using the ProtParam 

(http://www.expasy.ch/tools/protparam.html) [17]. The ClustalW multiple sequence alignment program was 

performed to align the cyp71 sequences (http://www.ebi.ac.uk/Tools/msa/clustalw2/) [18]. Nucleotide sequences of 

cyp71 (FJ716705) from A. annua L. and other cytochrome P450 monooxygenase genes from Artemisia compestris, 

Saussurea costus, Helianthus annuus, Lactuca sativa, Cichorium intybus, Barnadesia spinosa, Ammi majus, Panax 

notoginseng, Nicotiana tabacum, Solanumchacoense, Hyoscyamusmuticus, Solanumtuberosum, 

Medicagotruncatula, Glycine max and Paper somniferum were obtained from NCBI GenBank. The evolutionary 

link between nucleotide sequences was generated by MEGA 5.13 program to create neighbour-Joining tree [19]. 

Preface probability was conducted to convince the statistical importance of the clusters in the phylogenetic tree [19]. 

Domains/motifs search 

The highly conserved domains and motifs of amorpha-4,11-diene monooxygenase protein (CYP71) were 

computationally identified through online tools SMART (http://smart.embl.de/smart) [20], and TMHMM v2.0 

[www.cbs.dtu.dk/services/TMHMM, 21] online programs. 

Homology modelling and template identification of CYP71 

The homology modelling of amorpha-4,11-diene monooxygenase (CYP71) of A. annua L. was accomplished in the 

following sequential steps. The protein data bank (PDB) through NCBI BLAST was used to distinguish the suitable 

template for protein modelling of CYP71 from A. annua L. In a trial to search the suitable template against PDB 

database for modelling the CYP71 protein, Phyre2 (http://www.sbg.bio.ic.ac.uk/phyre) server, for searching similar 

sequences and structure-wise symmetry, was used [22]. For 3D modelling, single template of the mammalian 

cytochrome [1nr6] was chosen on the basis of fold recognition. 

Sequence alignment and validation of CYP71 structure 

The amino acid sequence alignment of target and the template protein was derived using the Swiss-PDB viewer 

package [http://www.expasy.ch/spdbv/, 23]. Default parameters were utilized and the aligned sequences were 

observed and well attuned manually to decrease gaps and insertions. The three dimensional structure of CYP71 was 

predicted using phyre2 MODELLER. The scripts were also used to execute an alignment between both target and 

the template sequence. The predicted three dimensional model of CYP71 was thereafter selected from the script 

model default based on the previously generated alignment. The predicted constructed model of CYP71 was 

solvated and subjected to energy minimization (100 kJ/mol/Å2) for protein atoms, using the advanced decline and 

conjugate gradient to eliminate the bad contacts between both protein and water molecules. In vacuo with the 

GROMOS96 43B1 computation programs were carried out. The stereo chemical quality of the predicted structure 

was evaluated by VADAR [24] and PROCHECK [25]. Ramachandran plot of CYP71 analysis was performed with 

favoured region for checking the accuracy of the predicted model. The stability during the MD simulation time was 

assessed by calculating the RMSD (root mean square deviation) in between the starting and structures generated 

from the treatments. The generated model was visualized, inspected and analysed through CHIMERA and PyMOL 

[26-27]. 

Docking studies of CYP71 with three different ligand molecules (FPP, AD and AA) 

After obtaining the final model, the centre co-ordinates of expected binding sites of amorpha-4,11-diene 

monooxygenase were extracted using Q-site finder (http://bmbpcu36.leads.ac.uk) [28]. Farnesyl pyrophosphate 

(FPP), amorpha-4,11-diene (AD) and artemisinic alcohol (AA) were downloaded from Pubchem 

(http://www.ncbi.nlm.nih.gov/pccompound) and used as ligand molecules for docking studies (Table 1). The FPP, 

AD and AA were docked with CYP71 using the Lamarckian Genetic algorithm (LGA) provided by the Auto Dock 

program, version 4.2 (http://autodock.scripps.edu/, [29].The docking of FPP, AD and AA were performed with 

respect to all the 10 binding sites of the enzyme. The residues lining the cavities within 10Å region around the 

ligand molecule were extracted using an Autodock 4.2 for plot protein-ligand interactions. 

 

http://www.expasy.ch/tools/protparam.html
http://www.ebi.ac.uk/Tools/msa/clustalw2/
http://smart.embl.de/smart
http://www.cbs.dtu.dk/services/TMHMM
http://www.expasy.ch/spdbv/
http://bmbpcu36.leads.ac.uk/
http://www.ncbi.nlm.nih.gov/pccompound
http://autodock.scripps.edu/
http://autodock.scripps.edu/
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Results and Discussion 

In Plants, Cytochrome P450s (CYPs) play a leading role in the biosynthesis of varieties of compounds such as 

hormones, fatty acid, steroid, and terpenes. CYPs have a large binding site so that it can bind to exogenous and 

endogenous compound easily in plants. Cytochrome P450 monooxygenases are quite related in their physiochemical 

properties. The cloned cyp71 gene sequence (FJ716705) from A. annua showed 99% similarity with nucleotide 

derived from earlier published A. annua L. cyp71 gene by other investigators (Accession Numbers DQ826743 and 

DQ667170 obtained from NCBI database; Table 2). The deduced weight of the encoded protein is 55.7 kDa and the 

pI is calculated to be 9.13. On amino acid scale, CYP71 (495 aa) showed more than 98% identity with cytochrome 

P450 monooxygenase proteins of A. annua L. and other species.  

The analysis of Phylogenetic tree showed relatively higher analogy of cyp71 gene from Artemisia annua L. with 

other cytochrome P450 monooxygenase of other plants on amino acid scale, especially for angiospermic species 

were evolutionary conserved Fig. 1 [30]. The evolutionary distances were calculated by using the method of 

Maximum Likelihood and history by using the Neighbour-Joining method in MEGA 5.10. Phylogenetic trees were 

constructed according to the original data set by the neighbour-joining method, as well as 1,000 bootstrap data sets 

generated by CLUSTAL X [31]. The tree was generated using as the cytochrome P450 of Papaver somniferum out 

group sequence to allow the tree to be rooted. The bootstrap analysis revealed that the phylogenetic tree generated is 

reliable because of high bootstrap value. This finding suggested that cytochrome P450 monooxygenase is most 

closely related to cytochrome P450 and amorpha-4,11-diene C-12 oxidase (NCBI genbank Accession numbers 

DQ826743 and DQ667170) of Artemisia annua than any other plant (Fig. 1). Different domains/motifs that were 

found in CYP71 protein are listed in Table 3 and 4. 

Two highly conserved regions have been identified in the CYP protein among which the biggest one is P450 

domain, having 454 residues of amino acid and another, is a short trans-membrane domain of only 23 residues were 

observed in Table 3. CYP is highly diverged enzyme family but when it is studied at the sequence level, some 

conserved motifs are identified in all CYP enzymes based on their tertiary structure and the function which it 

performs. One of the signature motif which is regarded as the heme binding site is conserved. In this motif only 

cysteine residue is highly conserved in all P450 enzymes. 

Hence, it proved that the amorpha-4,11-diene monooxygenase belongs to the cytochrome P450 monooxygenase 

family. Another 37 less conserved motifs have also been identified in CYP71 protein of A. annua plant. SRP54_N 

(signal recognition particle 54-type N terminal region), IL4_13 (Interleukins 4 and 13 types), HintC 

(Hedgehog/Intein domain C-terminal region) and TFS2N (N-terminus of transcription elongation factor S-II type) 

are the most significant putative motifs present in the CYP71 protein having E-values 1.3, 16.3, 242 and 337 

respectively (Table 4). The signal recognition particle (SRP) 54-type region is a helical bundle motif which is 

repeatedly present in the CYP71 amino acid sequence at positions 178-212, 229-277 and 320-349 with significant E-

values 1.3, 530 and 710 Table 4. On the basis of in silico analyses of the observed conserved motifs present in 

CYP71 protein might be play an important role to upregulation of terpene cyclases in this plant [32-33]. 

The modelled 3D structure of CYP71 with the template protein (1NR6) with RMSD 0.322 Å (Fig. 2) contains 

53.33% of α-helices, β-turns (4.6%) and 31.52% of random coils (Fig. 3). The structure of CYP71, α-helices and 

random coils are considered the most abundant elements of the protein CYP71 while β-turns are distributed in as 

symmetrical manner. The total values of energy 90 % (after energy minimization) of CYP71 were observed in 

Ramachandran plot. The CYP71 predicted model, was further analysed by VADAR to check the Ramachandran plot 

quality (Table 5). Further analysis of 3D structure will help in the identification of the binding sites for studying 

enzyme substrate mechanisms. 

After the refinement of 3D structure, it was used for docking studies with three different ligand molecules such as 

FPP (Pub Chem. ID, 445713), AD (Pub Chem. ID, 11052747) and AA (Pub Chem. ID, 15983960) related to the 

artemisinin biosynthetic pathway. Recent studies have revealed that the core sequences of many proteins were 

nearly optimized for stability by natural evolution. Surface residues, by contrast, were not so optimized, presumably 

because protein function is mediated through surface interactions with other molecules. 
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Here, we thought to determine the extent to which the sequences of protein ligand-binding and enzyme active sites 

could be predicted by optimization of scoring functions based on protein ligand-binding affinity rather than 

structural stability [14]. In an attempt to find the possible binding sites of FPP, AD and AA on CYP71, the Q site 

finder was performed. The output of Q site finder centre coordinates for 10 binding sites. Docking of FPP, AD and 

AA were performed with respect to all the 10 binding sites of the enzyme on the basis of free energy. It was 

observed that the artemisinic alcohol (AA) showed better binding to the CYP71 (Fig. 4a, b) followed by farnesyl 

pyrophosphate (FPP) and amorpha-4,11-Diene (AD), respectively (Fig. 5a,b and 6a,b). It is due to the catalytic 

activity resembled between the enzyme and ligand molecules present in each other. The aim of molecular docking is 

to achieve an optimized conformation for protein, ligand and relative orientation between each other to minimize the 

free energy of the overall system to obtain the better binding stretches. 

Lower energy corresponds to better binding therefore; initial 5 of 10, these binding sites were studied for the 

interaction with FPP, AD and AA (Fig.4, 5 and 6). Based on the docking studies, the following stretches are 

RIAWRGATNLRC, RAFWRDGATLLCV, RLRNMRMCVEGRM, WKRRLMRK, WKRRLMRK: farnesyl 

pyrophosphate; TTTQLFL, TTTQLFA, TTTQLFAL, TTQLPF, TTQLPFA: amorpha-4, 11-diene; TTQLPFA, 

TTQPFA, TTQLPFC, TTQLPFA, ILGCGLE: artemisinic alcohol constituted to binding with CYP71. 

These results may have implications for understanding the role of CYP in the cyclization of FPP, AD as well as AA. 

The energy minimization and hydrogen bonding were more effective with the AA than the other (Fig. 4, 5 and 6). 

These findings may also lead to upregulate the enzyme fluxes by the over-expression of its genes and could enhance 

the production of metabolites concentration through the cyclization process. 

The artemisinin pathway, is first elucidated by amorpha-4,11-diene synthase (ADS) an important enzyme, which 

converts farnesyl diphosphate into amorpha-4,11-diene [7-34]. Afterward, a cytochrome P450 monooxygenase 

(CYP71) oxidized amorpha-4,11-diene to artemisinic acid in three successive steps [6-7]. After completion of these 

steps, artemisinic aldehyde is then converted into artemisinin by other enzymatic and non-enzymatic reactions [35]. 

It was based on primary sequences on the alignment of the CYP71 family with P450 [9]. The docking of artemisinin 

alcohol in to CYP71 model proved that there is a loop located in the amino acid residue that covering the C12 

position of alcohol and subsequently affect the binding pockets [9]. 

To understand the structural element and features of enzymes and ligands is the bottle neck for metabolic 

engineering. The expression of the CYP71 in A. annua, is a key enzyme to regulate the biosynthesis of artemisinin. 

Therefore, this in silico information may lead to the understanding of enzyme structure, function and regulation. The 

structure can give new functional access for the expression and cyclization of this key enzyme towards the 

artemisinin biosynthesis. The predicted motif or domain of CYP71 may also attribute the functional insight for 

artemisinin biosynthesis in A. annua L. plant. The high homology between different monooxygenases makes 

modelling of the three dimensional structure of the various cytochrome P450 monooxygenase may also possible. 

Phylogenetic analysis suggested that cyp71 genes among different species are evolutionary conserved. 

The structure and function of CYP71 protein is now clearly showed that it is an important class of enzymes in the 

artemisinin biosynthetic pathway. This study can also be served as a platform for other protein to understand their 

role in biosynthesis of important metabolites in plants. 
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Legends and captions 

Fig. 1: Phylogenetic tree constructed by parsimony analyses of cytochrome P450 monooxygenase amino 

acid sequences selected from the BLAST profile. CLUSTAL-W from the Molecular Evolutionary Genetics 

Analysis program (MEGA5.10) was used for multiple alignments. Numbers on the branches are bootstrap 

values obtained for 1000 replicates are shown. GenBank accession numbers are shown first and 

cytochrome P450 amino acid sequences with their respective species is shown on the right side. The 

cytochrome P450 of Papaver somniferum is selected as an out-group to draw the rooted tree. 

Fig. 2: Diagrammatic representation of 3D structure of model protein (CYP71) and Yellow colour is 

template protein (1NR6) with RMSD 0.322 Å 

Fig. 3: Prediction of three dimensional structure of Amorpha-4,11-diene monooxygenase (CYP71) showing 

N and C terminal extracted from Artemisia annua L. plant. 

Fig. 4a: Interaction of artemisinic alcohol (AA) to the CYP71 protein with different binding sites having 

different binding energy. 

Fig. 4b: Receptor molecule (CYP71) with ligand artemisinic alcohol (AA) docked into top (five) ranking 

binding sites. All the five figures in different colour correspond to five binding sites containing the ligand 

molecule AA docked into it. 

Fig. 5a: Interaction of FPP to the CYP71 protein with different binding sites having different binding 

energy. 

Fig. 5b: Receptor molecule (CYP71) with the ligand FPP docked in five top ranking binding sites. All the 

five figures in different colour correspond to five binding sites with the ligand molecule FPP. 

Fig. 6a: Interaction of amorpha-4,11-diene to the CYP71 protein with different binding sites having 

different binding energy. 

Fig. 6b: Receptor molecule (CYP71) with the ligand Amorpha-4,11-diene docked in five top ranking 

binding sites. All the five figures in different colour correspond to five binding sites containing the ligand 

molecule AD docked into it. 

Table 1: Ligands information chart of artemisinic alcohol, amorpha,4-11,diene and farnesyl pyrophosphate. 

Table 2: Comparative Nucleotide sequence analysis of amorpha-4,11-diene monooxygenase with other 

monooxygenase (EF197889). The deduced amino acid sequence is given in the one-letter code below 

above the corresponding nucleotide sequence. cyp71 nucleotide sequence has been deposited in GenBank 

under accession number FJ716705. 

Table 3: Two putative conserved domains have been detected in amino acid sequence of amorpha-4,11-

dienemonooxygenase (CYP71) of A. annua. 

Table 4: Functional motif present in the amino acid sequence of amorpha-4,11-diene monooxygenase 

(CYP71) of A. annua L. 

Table 5: Statistical analyses of amorpha-4,11-dienemonooxygenase CYP71 by using the VADAR 

(Volume, Area, Dihedral Angle Reporter). 
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Table 1: Ligands information chart of artemisinic alcohol, amorpha,4-11,diene and farnesyl 

pyrophosphate. 
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logP 
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Table 2: Comparative Nucleotide sequence analysis of amorpha-4,11-diene monooxigenase with other 

monooxigenase (EF197889). The deduced amino acid sequence is given in the one-letter code below the 

corresponding nucleotide sequence. cyp71 nucleotide sequence has been deposited in GenBank under 

accession number FJ716705. 
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Coverage   99.37% 

Overall   98.26% 

Exon   98.88% 

 

 

 

 

Mismatches and indels   25 

Exons (min/max/ave), bp   2050 / 2050 / 2050 

Introns (min/max/ave), bp 
  

CDS   0.00% 

In-frame   0.00% 

Primary transcript   2050 bp 
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Table 3: Two putative conserved domains have been detected in amino acid sequence of amorpha-4, 11- diene 

monooxygenase (CYP71) of A. annua L. 

Name of the conserved Domains Start 

Position 

End Position e-value 

Transmembrane region 7 29 Not significant 

 Pfam p450   39 492 2.8e-97 
 

Table 4: Other motif present in the amino acid sequence of amorpha-4, 11- diene monooxygenase (CYP71) of A. 

annua L. 

Name  Start  End E-value Description 

AIP3 1 343 59800 Actin interacting protein 3 

low complexity 9 23 59800 This is a region of 15 amino acid long low 

compositional complexity,  

T5orf172 47 117 148000 represents a DNA-binding domain found 

in bacteriophage T5, ORF172  

HhH2  67 99 1020 Helix-hairpin-helix class 2 (Pol1 family) 

motifs 

Spc7 75 356 75000 This domain is found in cell division 

proteins which are required for 

kinetochore-spindle association. 

HintC 77 125 242 Hint (Hedgehog/Intein) domain C-terminal 

region split to accommodate large 

insertions of endonucleases. 

RGS  102 233 3190 Regulator of G protein signalling domain 

SEP  106 179 1130 Domain present in Saccharomyces 

cerevisiae Shp1, Drosophila melanogaster 

eyes closed gene (eyc), and vertebrate p47. 

DEXDc2  121 339 2400 DEAD-like helicases superfamily 

Elp3 149 409 3330 Elongator protein 3, MiaB family, Radical 

SAM 

THUMP  149 244 141000 The THUMP domain is named after 

thiouridine synthases, methylases and 

PSUSs  
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MA 151 356 1200 Methyl-accepting chemotaxis-like domains 

(chemotaxis sensory transducer). 

OmpH  158 396 144000 Outer membrane protein (OmpH-like) 

BPI2  169 394 1180 Bactericidal permeability-increasing 

protein (BPI) / Lipopolysaccharide-binding 

protein (LBP) / Cholesteryl ester transfer 

protein (CETP) C-terminal domain 

ADSL_C  173 241 45400 Adenylosuccinate lyase C-terminus 

BP28CT  175 283 111000 found in BAP28-like nucleolar proteins  

AgrD 175 209 9100 Staphylococcal AgrD protein 

ClpB_D2-small  177 277 87300 C-terminal, D2-small domain, of ClpB 

protein 

IL4_13 177 283 16.3 Interleukins 4 and 13 

Pfam:SRP54_N 178 212 1.3 signal recognition particle (SRP)54-type 

protein, helical bundle domain 

VHS  185 320 817 Domain present in VPS-27, Hrs and 

STAM 

Resolvase 186 311 67900 Resolvase, N terminal domain 

eIF3_N 187 296 13600 eIF3 subunit 6 N terminal domain 

RAP  188 246 54400 RNA-binding domain abundant in 

Apicomplexans 

RPOL4c  201 323 1590 DNA-directed RNA-polymerase II subunit 

ENDO3c  211 358 3440 endonuclease III 

Pfam:SRP54_N 229 277 530 signal recognition particle (SRP)54-type 

protein, helical bundle domain 

SMR 230 298 838 Small MutS-related domain 

ALBUMIN  232 377 1140 serum albumin 

HLH  233 283 1770 helix loop helix domain 

DALR_1  238 367 66200 DALR anticodon binding domain 
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B12-binding_2 244 338 132000 Cobalamin-dependent methionine synthase 

(b12)binding domain 

GatB_Yqey 249 334 50000 GatB domain, the function of which is 

uncertain, is associated with 

aspartyl/glutamyl amidotransferase subunit 

B and glutamyl amidotransferase subunit E 

TFS2N  251 326 337 Domain in the N-terminus of transcription 

elongation factor S-II  

Ubox 288 343 1750 Modified RING finger domain Probable 

involvement in E2-dependent 

ubiquitination. 

Pfam:SRP54_N 320 349 710 signal recognition particle (SRP)54-type 

protein, helical bundle domain 

TDU  323 338 1240 Short repeats in human TONDU, fly 

vestigial and other proteins. 

low complexity 359 371 1240 13 amino acid long region of low 

compositional complexity 

 

Table 5: Statistical values of amorpha-4, 11- diene monooxygenase CYP71 protein of Artemisia annua L. by using 

the VADAR (Volume, Area, Dihedral Angle Reporter). 

 

      Statistical       Observed                  Expected 

 Expected values for highly refined X-ray and NMR protein structures 

Helix 233 (50 %) - 
Beta 64 (13%) - 

Coil 165 (35 %) - 
Turn 116(25%) - 

Hydrogen Bonds(H-bonds)   
Mean bond distance 2.2 sd=0.4 2.2 sd=0.4 
Mean bond energy -1.6 sd=1.0 -2.0 sd=0.8 

Residues with H-bonds 374 (80%) 346 (75%) 

Dihedral Angles   
Mean Helix Phi -66.8 sd=9.4 65.3 sd=11.9 
Mean Helix Psi -37.1 sd=19.1 -39.4 sd=25.5 

Residues with Gauche +Chi 210(54%) 212   (55%) 

Residues with Gauche-Chi 43(11%) 77   (20%) 
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Mean Chi Gauche+ 133(34%) 

 

96   (25%) 

Mean Chi Gauche- -65.9 
sd=11.8     

-66.7 sd=15.0     
Mean Chi Trans 63.5 sd=10.9 64.1 sd=15.7 

Standard deviation of chi pooled 170.2 
sd=9.4 

168.6 
sd=16.8 Mean Omega (|ω|>90) 10.83 15.70 

Residues with (|ω|<90) 179.8 
sd=1.4 

180.0 
sd=5.8 

3D profile Quality index   
Resolution  - 
R-value  - 

Residues in phi-psi core 407(88%) 416 (90%) 
Residues in phi-psi allowed 46(6%) 32(7%) 
Residues in phi-psi generous 5 (0%) 5 (1%) 

Residues in phi-psi outside 4(0%) 0  (0%) 
Residues in omega core 461 (96%) 444(96%) 

Residues in omega allowed 0(3%) 14 (3%) 
Residues in omega generous 0 (0%) 0 (0%) 

Residues in omega outside 1 (0%) 5 (1%) 

Packing defects 109 32 

Free energy of folding -458.87 -441.36 

Residues 95% buried 139 188 

Buried charges 10 0 
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Fig. 1: Phylogenetic tree constructed by parsimony analyses of cytochrome P450 monooxygenase amino acid 

sequences selected from the BLAST profile. CLUSTAL-W from the Molecular Evolutionary  Genetics Analysis 

program (MEGA5.10) was used for multiple alignments. Numbers on the branches are bootstrap values obtained for 

1000 replicates are shown. GenBank accession numbers are shown first and cytochrome P450 amino acid sequences 

with their respective species is shown on the right side. The cytochrome P450 of Papaver somniferum is selected as 

an out-group to draw the rooted tree. 
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Fig. 2:Diagrammatic representation of 3D structure of model protein (CYP71) and Yellow colour represents 

template protein (1NR6) with RMSD 0.322 Å 

 

Fig. 3:Prediction of 3D model of Amorpha-4, 11-diene monooxigenase (CYP71)showing N and C terminal isolated 

from Artemisia annua L. plant. 
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Fig. 4a:Interaction of artemisinic alcohol (AA) to the CYP71 protein with different binding sites having different 

binding energy. 
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Fig. 4b: Receptor molecule (CYP71) with the ligand artemisinic alcohol (AA) docked in five top ranking binding 

sites. All the five figures in different colour correspond to five binding sites containing the ligand molecule AA 

docked into it. 
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Fig. 5a: Interaction of FPP to the CYP71 protein with different binding sites having different binding energy. 
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Fig. 5b: Receptor molecule (CYP71) with the ligand FPP docked in five top ranking binding sites. All the five 

figures in different colour correspond to five binding sites containing the ligand molecule FPP docked into it. 

 

 

Fig. 6a: Interaction of amorpha- 4,11- diene to the CYP71 protein with different binding sites having different 

binding energy. 
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Fig. 6b:Receptor molecule (CYP71) with the ligand Amorpha-4,11-diene. Docked in five top ranking binding sites. 

All the five figures in different colour correspond to five binding sites containing the ligand molecule AD docked 

into it. 
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