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Abstract: More than 200 different types of Human papillomavirus (HPV) are identified, 40
transmit extensively through sexual contacts affecting the genital tract. HPV strains have
been etiologically linked to vaginal, vulvar, penile, anal, oral and cervical cancer (99.7%)
as a result of mutations leading to cell transformations due to interference of E6 and E7
oncoproteins with p53 and pRB tumor suppressor genes respectively, besides other cellular
proteins. As structures of E6 and E7 proteins are not available, the simultaneous structural
analysis of E6 and E7 proteins of 50 different HPV strains was carried out in detail for
prediction and validation, using bioinformatics tools. E6 and E7 proteins sequences were
retrieved in FASTA format from NCBI and their structures predicted by comparative
modeling using modeller9v6 software. Further, most of the HPV strains showed good
stereochemistry results in most favored regions when subjected to PROCHECK analysis and
subsequently each protein was validated using ProSA-web tool. The work carried out on
comparing and exploring the structural variations in these oncogenic proteins might help in
genome based drugs and vaccines designing, beyond their limitations.

Keywords: Human papillomavirus, E6 and E7 oncoproteins, Comparative modeling,
Modeller.

Introduction

Human papillomavirus (HPV) belongs to a large group of viruses that infect the skin cells and
cause them to mutate and grow irregularly. These irregular skin growths commonly called
warts, are tiny tumors named as Papillomas. These viruses are epitheliotropic as they induce
epithelial hyperproliferation, including cutaneous warts and condylomas in cervical and
vaginal epithelia [12]. About 200 different Types of HPV have been identified based on DNA
homology; approximately 40 of them affect the genital tract. HPV strains have been
etiologically linked to cervical (99.7%) [3], vaginal, vulvar, penile, anal and oral cancers
[17, 18].
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Genome of Human papillomavirus consists of three regions such as Six Early ORFs (Open
Reading Frames), Two Late ORFs and Upstream Regulatory Region (URR) [21]. E6 and E7
proteins encoded by E6 and E7 early ORFs, are transforming in nature [10, 11] and have
strong binding affinity to p53 and pRB tumor suppressor genes respectively [6, 9, 11].
These viral oncoproteins are major contributors to neoplastic progression by interfering with
cell cycle G1-S checkpoint. Among a variety of cellular targets, E6 binds and degrades TP53
protein by forming a complex with the ligase E6AP [14, 20], leading to genetic instability
while E7 abrogates pRB protein function through its ubiquitination-mediated degradation,
which leads to activation of E2F regulated genes and deregulates the progression through G1
phase of the cell cycle. Integration of viral sequences into the host genome interrupts E2
OREF, leading to the constitutive expression of E6/E7 in the transformed cells [14].

Interestingly, none of the structures of these two oncoproteins of different HPV strains are
available; hence, we carried out this study of structure prediction and validation of possible
available HPV strains whose genomes are completely sequenced.

Materials and methods

There are 50 strains of HPV whose genomes are completely sequenced and available at
genome site of National Centre for Biotechnology Information (NCBI). Hence, all E6 and E7
protein sequences of HPV strains were retrieved in FASTA Format with their respective
accession numbers. The Molecular Weight (MW) and Isoelectric Points (pl) of these proteins
were calculated using tools available at ExPASy (Expert Protein Analysis System)
proteomic server of Swiss Institute of Bioinformatics [5]. Then all the results were put in the
tabular format separately for E6 and E7 protein sequences.

Each of these protein sequences is aligned based on multiple sequence protein alignment
program, BLASTp [1] against Protein Data Bank for characterization at molecular level.
Three dimensional structures of E6 and E7 proteins were predicted by comparative modeling
using MODELLER9v6 software [15] and visualized in the RasMolv2.5 software [16].
The stereochemistry of each protein was evaluated through PROCHECK analysis [8] and
validated using ProSA-web [19].

HPV E6 & E7 Structure .
. dicti Stereochemical Validation
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Results and discussion

Although genome sequence of 50 different strains of HPV is available at NCBI, E6 proteins
of HPV 101, 103 & 108 are not available. Accordingly, the comparative results of E6 proteins
of 47 different strains of HPV as well as E7 proteins of 50 different strains of HPV were
subjected to a tabular format, based on Sequence Length, MW and pl. pl and MW of all the
proteins vary with protein sequences (Table 1). The lengths of E6 proteins of all HPV strains
under study, range in between 137 to 159 amino acids, having MW in the range of 15.80 kD
to 19.18 kD and pl from 5.35 to 9.16 except HPV 96 which has longest E6 protein having
length of 225 amino acids, MW 26.04 kD and pl 9.07. However, the number of amino acids
in E7 proteins of different strains of HPV varies from 86 to 114 having MW in the range of
9.54 kD to 12.8 kD and pl range of 4.07 to 5.16.
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Table 1. Comparative analysis of E6 & E7 proteins of 50 different strains of HPV
on the basis of length, MW (kD) & IP (pl).

HPV TYPE _ E6 PROTEIN _ E7 PROTEIN
Accession No Length Mol Wt pl Accession No Length Mol Wt pl

HPV1 NP 040305.1 140aa 16.317 6.80 NP 040307.1 93aa 10.500 4.21
HPV?2 NP 077116.1 159aa 18.301 8.46 NP 077117.1 92aa 10.368 4.56
HPV4 NP 040889.1 140aa 16.487 7.87 NP 040890.1 100aa 11.126 4.40
HPV5 NP 041365.1 157aa 18.068 5.35 NP 041366.1 103aa  11.677 4.39
HPV6 CBY85548.1 150aa 17.290 8.20 CBY85549.1 98aa 10.903 4.43
HPV7 NP 041854.1 154aa 17.881 8.65 NP 041855.1 111aa  12.459 4.80
HPV9 NP 041860.1 148aa 17.278 6.30 NP 041862.1 93aa 10.392 4.68
HPV10 NP 041741.1 148aa 17.563 9.05 NP 041742.1 86aa 9.541 4.68
HPV16 NP 041325.1 158aa 19.187 9.16 NP 041326.1 98aa 11.022 4.20
HPV18 NP 040310.1 158aa 18.871 8.95 NP 040311.1 105aa 11.995 4.70
HPV24 AAAT9415.1 140aa 16.319 6.79 AAAT79416.1 96aa 10.710 4.43
HPV26 NP 041782.1 150aa 17.922 8.95 NP 041783.1 104aa  11.998 4.08
HPV32 NP 041801.1 142aa 16.631 8.65 NP 041802.1 104aa  11.591 4.07
HPV34 NP 041807.1 148aa 17.734 8.79 NP 041808.1 97aa 10.985 4.49
HPV41 NP 040285.1 156aa 17.302 745 NP 040286.1 114aa 12.804 4.84
HPV48 NP 043416.1 142aa 16.750 8.28 NP 043417.1 93aa 10.418 4.93
HPV49 NP 041832.1 138aa 16.201 7.02 NP 041833.1 103aa 11.454 4.26
HPV50 NP 043423.1 141aa 16.410 7.42 NP 043424.1 93aa 10.516 5.10
HPV53 NP 041844.1 154aa 18.168 9.03 NP 041845.1 105aa 12.161 4.47
HPV54 NP 043288.1 144aa 17.132 8.74 NP 043289.1 95aa 10.565 4.68
HPV60 NP 043437.1 142aa 16.809 8.37 NP 043438.1 96aa 10.687 4.58
HPV61 NP 043444.1 146aa 16.991 7.00 NP 043445.1 95aa 10.461 4.40
HPV63 NP 040901.1 141aa 16.317 8.04 NP 040902.1 88aa 9.870 4.23
HPVT71 AAQ95198.1 157aa 17.875 8.26  AAQ95185.1 94aa 10.571 4.46
HPV88 YP 001672008.1 142aa 16.735 8.14 YP 001672009.1 98aa 10.896 4.54
HPV90 NP 671503.1 148aa 17.173 6.79 NP 671504.1 98aa 10.944 4.58
HPV92 NP 775305.1 138aa 15.808 6.29 NP 775306.1 9laa 10.115 4.35
HPV96 NP 932319.1 225aa 26.048 9.07 NP 932320.1 99%aa 11.030 4.38
HPV98 CAW42212.1 153aa 17.725 6.79 CAW42214.1 95aa 10.600 4.54
HPV99 CAWA42225.1 155aa 17.647 5.71 CAW42227.1 103aa  11.583 4.31
HPV100 CAW42235.1 152aa 18.182 7.93 CAWA42236.1 100aa 11.194 4.38
HPV101 Not available YP 656499.1 98aa 10.741 4.88
HPV103 Not available YP 656493.1 100aa  11.543 4.94
HPV104 CAW42247.1 138aa 16.431 6.88 CAW42248.1 104aa 11.673 4.35
HPV105 CAW42259.1 155aa 17.810 5.35 CAW42261.1 10laa 11.268 4.22
HPV107 ABN79867.1 140aa 16.553 7.51 ABN79868.1 102aa 11582 4.51
HPV108 Not available YP 002647034.1 99%aa 11.165 4.89
HPV109 YP 002756538.1 140aa 16.054 7.35 YP 002756539.1 96aa 10.679 4.75
HPV112 YP 002756545.1 139aa 16.393 8.29 YP 002756546.1 97aa 10.833 4.47
HPV113 CAW42270.1 149aa 17.423 6.71 CAW42271.1 92aa 10.508 4.60
HPV116 YP 003084346.1 14laa 16.636 8.37 YP 003084347.1 98aa 11.008 4.93
HPV121 YP 003668025.1 143aa 16.936 8.64 YP 003668026.1 98aa 11.169 4.34
HPV128 YP 004169263.1 143aa 17.000 7.88 YP 004169264.1 96aa 10.919 5.06
HPV129 YP 004169270.1 152aa 17.779 8.59 YP 004169271.1 97aa 10.973 4.84
HPV131 YP 004169277.1 14laa 16.390 8.73 YP 004169278.1 94aa 10.303 4.81
HPV132 YP 004169284.1 139aa 16.721 8.35 YP 004169285.1 92aa 10.445 5.16
HPV134 YP 004169291.1 137aa 15.971 8.88 YP 004169292.1 9laa 10.163 5.04
HPV148 YP 004111309.1 138aa 16.184 8.37 YP 004111310.1 93aa 10.332 4.71
HPV K188-03 ACC78256.1 138aa 16.417 6.88 ACC78257.1 104aa 11.687 4.37
HPV RTRX7 AAB61640.1 157aa 18.166 6.29 AAB61641.1 103aa 11.497 4.21
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Homology modeling

Three dimensional structure of each protein was predicted by homology modeling.
In general, 30% sequence identity is required for generating useful 3D structure models
[2, 4, 13]. Kaladhar et al. also predicted structures of E6 & E7 proteins along with other
proteins of only HPV Type 92 using Swissmodel server but it seems that the predicted
structures are not found validated [7]. In our study, we predicted structures of E6 proteins of
47 and E7 proteins of 50 different strains of HPV by comparative modeling using
MODELLER9vV6 software and visualized in the RasMolv2.5 software. However, the structure
of E7 protein of HPV 41 was not predicted since it had only 27% percentage identity with
known structure (PDB ID 1P5Q). Accordingly, total 96 structures of E6 and E7 proteins of 50
different HPV strains were generated in Modeller9v6 software. The E6 proteins of all HPV
strains show close similarities with structures (2FK4) available at PDB except HPV 92
(3GE3), HPV 99 (1DQ3) and HPV 116 (1VZ3), while E7 proteins of all HPV strains show
close similarities with the structures (2B9D) except HPV 2, 6, 10, 16, 18, 24, 26, 32, 53, 96,
99 and 109 (2EWL).

Evaluation of protein structure quality

The stereo-chemical quality of these predicted structures were then evaluated through
PROCHECK analysis. Remarkably the stereochemistry of E6 proteins of HPV 4 & 26 and
E7 proteins of HPV 88 & 108 revealed that 94.90% to 95.50% residues were positioned in
most favorable region of the Ramachandran plot. Some of E6 (HPV 1, 2, 6, 7, 9, 50, 132) &
E7 proteins (HPV 1, 7, 9, 34, 63, 71, 90, 92, 100, 104, 112, 113, 131, RTRX7) show a good
quality model range of 90 to 92% and 90 to 94% respectively. Most of E6 (HPV 5, 10, 16,
18, 24, 32, 34, 41, 48, 49, 53, 54, 60, 61, 63, 71, 88, 90, 96, 98, 99, 100, 104, 105, 107, 109,
112, 113, 121, 128, 129, 131, 134, 148, KI88-03 & RTRX7) & E7 proteins (HPV 2, 5, 4, 6,
16, 18, 24, 26, 32, 48, 49, 50, 53, 54, 60, 61, 96, 98, 99, 101, 103, 105, 107, 116, 121, 128,
129, 132, 134, 148, K188-03) show the range of 85 to 89% and remaining E6 (92, 116) and
E7 proteins (10, 109) show the range of 74 to 79% (Table 2).

Validation of 3D structures

3D structures of each protein were subjected to validation using ProSA-web and when
analyzed, it revealed a compatible Z-score value of residue energies (Table 2) within the
range of native conformations of crystal structures. The ProSA-web based validation
analysis showed largely negative Z-score in most of E6 proteins expect HPV 41, 105, 109,
116, 129, 132 and KI188-03, while negative Z-score in all E7 proteins. The residue energies
including pair energy, combined energy and surface energy were all negative and had similar
surface energy tendency with template.

Figs. 1la and 1d, respectively, show validated 3D structures of E6 & E7 proteins of ONLY

HPV 18 amongst all 96 3D structures of 50 HPV strains under study. Figs. 1b and le present
the respective Z scores and Figs. 1c and 1f — the residue energies of these proteins.
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Table 2. PROCHECK analysis and ProSA-web based validation

of E6 & E7 proteins of 50 different strains of HPV

E6 PROTEIN E7 PROTEIN
HPV Type Residues in most Z-score Residues in most Z-score
favored region bv ProSA-web favored region by ProSA-web
[a.b.1] (%) Y [a.b.1] (%) Y
HPV-1 90.00 -1.42 92.80 -3.59
HPV-2 91.20 -2.77 84.10 -3.8
HPV-4 95.50 -2.58 86.80 -3.17
HPV-5 85.20 -0.77 80.90 -3.06
HPV-6 90.80 -1.61 81.20 -1.75
HPV-7 90.10 -1.73 91.10 -2.19
HPV-9 91.20 -2.23 91.50 -3.13
HPV-10 89.50 -1.13 74.70 -1.92
HPV-16 81.40 -1.73 84.90 -2.1
HPV-18 87.70 -1.17 88.40 -2.6
HPV-24 84.40 -0.64 81.50 -2.03
HPV-26 94.90 -2.11 83.70 -2.08
HPV-32 83.20 -2.21 85.60 -2.44
HPV-34 88.60 -2.34 90.00 -2.66
HPV-41 88.30 0.2 Percentage identity is less than 30%.
Hence structure cannot be predicted

HPV-48 86.50 -1.14 82.70 -1.86
HPV-49 87.40 -1.12 88.50 -3.44
HPV-50 90.00 -0.73 87.10 -2.77
HPV-53 89.40 -1.69 86.30 -2.87
HPV-54 85.40 -1.64 82.40 -2.78
HPV-60 89.50 -0.6 87.80 -3.75
HPV-61 89.20 -2.58 87.10 -2.51
HPV-63 88.80 -2.09 93.40 -2.5
HPV-71 87.90 -1.33 94.00 -2.72
HPV-88 89.20 -1.44 95.30 -3.01
HPV-90 87.90 -1.45 93.00 -3.51
HPV-92 78.00 -1.49 91.00 -2.75
HPV-96 85.70 -0.12 82.60 -2.53
HPV-98 86.40 -1.49 81.20 -3.38
HPV-99 87.90 -0.93 83.50 -2.59
HPV-100 84.10 -0.8 90.70 -3.76
HPV-101 Not available 86.00 -1.91
HPV-103 Not available 89.80 -3.48
HPV-104 85.90 -0.1 93.00 -3.41
HPV-105 86.40 0.44 89.80 -3.11
HPV-107 89.20 -1.86 88.40 -2.56
HPV-108 Not available 95.20 -2.79
HPV-109 83.80 0.52 78.00 -1.97
HPV-112 82.70 -1.42 90.70 -2.23
HPV-113 86.90 -1.04 91.20 -3.83
HPV-116 77.70 0.17 89.90 -2.71
HPV-121 89.20 -0.33 89.70 -2.77
HPV-128 84.70 -1.22 88.60 -3.83
HPV-129 83.50 1.17 87.20 -2.84
HPV-131 85.50 -0.17 92.90 -2.44
HPV-132 90.20 0.13 80.00 -2.27
HPV-134 89.80 -0.9 87.50 -3.96
HPV-148 82.20 -1.44 85.50 -2.29
HPV-KI188-03 86.70 1.19 87.20 -3.24
HPV-RTRX7 89.40 -0.15 92.20 -3.4
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Fig. 1 ProSA-web Z-scores of modeled protein in PDB with respect to their protein length.
Z-score is represented in black dot. The energy plots presented with window size 10 & 40.
a) 3D structures of E6; b) Z-score plot of E6; c) energy plot of E6;

d) 3D structures of E7; e) Z-score plot of E7; f) energy plot of E7.
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Conclusion

The variation of causing nongenital cutaneous, nongenital mucosal and anogenital diseases
by different HPV types could always remain a challenge to find out the cause behind it.
These variations may be in their genomic content leading deviation in their proteomic
structures, causing different types of infections as an outcome. As proteins of HPV are
directly involved in causing the infection in human, so, it may be of significant interest to
explore and analyze their protein structures. In this study, we made an effort to predict the
3D structures of E6 and E7 oncoproteins of 50 different strains of HPV. This study provides
simultaneous predicted and validated structures of these HPV proteins. The outcome of this
study might provide a platform for simultaneous structural comparative analysis of these
proteins and help in finding out variations in their structures so as to explore why different
strains of HPV cause different type of cancers. Further, this might also help in exploring for
designing specific drugs or vaccines against specific strains of HPV.
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