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Structural, and phylogenetic analysis of cytochrome P450 protein in insects
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Table 1. The list of thirty insect species of different orders analyzed in the current study.

@) Gl oale Bl i Jbaial R 4l (i o ladi
Index Insect’s Scientific Names Abbreviation Family Order Accession Number
1 Acyrthosiphon pisum Ap-P450 Aphididae Homoptera NP_001156683
2 Aedes aegypti Aa-P450 Culicidae Diptera XP_001652225
3 Anopheles gambiae str. PEST Ag-P450 Culicidae Diptera XP_318345
4 Apis dorsata Ad-P450 Apidae Hymenoptera ~ XP_006625127
5 Apis florea Af-P450 Apidae Hymenoptera ~ XP_003694529
6 Apis mellifera Am-P450 Apidae Hymenoptera ~ NP_001035323
7 Bombus impatiens Bi-P450 Apidae Hymenoptera ~ XP_003491954
8 Bombyx mori Bm-P450 Bombycidae Lepidoptera NP_001140197
9 Bombus terrestris Bt-P450 Apidae Hymenoptera ~ XP_003399985
10 Ceratitis capitata Cc-P450 Tephritidae Diptera XP_004537773
11 Culex quinquefasciatus Cq-P450 Culicidae Diptera XP_001870609
12 Diaphorina citri Dc-P450 Psyllidae Hemiptera XP_008476340
13 Drosophila ananassae Da-P450 Drosophilidae Diptera XP_001967242
14 Drosophila erecta De-P450 Drosophilidae Diptera XP_001982611
15 Drosophila grimshawi Dg-P450 Drosophilidae Diptera XP_001986708
16 Drosophila melanogaster Dm-P450 Drosophilidae Diptera NP_525031
17 Drosophila mojavensis Dmo-P450 Drosophilidae Diptera XP_001998935
18 Drosophila persimilis Dpe-P450 Drosophilidae Diptera XP_002018192
19 Drosophila pseudoobscura pseudoobscura ~ Dp-P450 Drosophilidae Diptera XP_002132781
20 Drosophila sechellia Ds-P450 Drosophilidae Diptera XP_002044523
21 Drosophila simulans Dsi-P450 Drosophilidae Diptera XP_002085396
22 Drosophila virilis Dv-P450 Drosophilidae Diptera XP_002060433
23 Drosophila willistoni Dw-P450 Drosophilidae Diptera XP_002075256
24 Drosophila yakuba Dy-P450 Drosophilidae Diptera XP_002100302
25 Megachile rotundata Mr-P450 Megachilidae Hymenoptera ~ XP_003708491
26 Microplitis demolitor Mde-P450 Braconidae Hymenoptera ~ XP_008550694
27 Musca domestica Md-P450 Muscidae Diptera NP_001273810
28 Nasonia vitripennis Nv-P450 Pteromalidae Hymenoptera ~ NP_001166018
29 Pediculus humanus corporis Ph-P450 Pediculidae Phthiraptera XP_002430933
30 Tribolium castaneum Tc-P450 Tenebrionidae Coleoptera NP_001177722
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Table 2. P450 Motif sequences identified by MEME and MAST.

g P Egsl &l LRI
Motif  Width E-value  Sites Best possible match
1 30 3.0e-343 31 PFGAGPRNCIGQRFAMMQMKVCLAKILRNY

2 21 8.1e-207 31 MPYLDMCIKETLRMYPPVPMI

3 21 9.5e-200 31 HMDPRYWPNPEKFDPERWLEE

4 30 6.0e-266 30 GHETTSSTMSFCLYELALNPDVQKRCREEI

5 30 5.8e-163 25 AGLFMMQGQKWHHMRKKLTPAFHQGKLKQM
6 21 1.8e-066 18 YTTDICSCAMGVKINSQKNP

7 28 2.5e-080 29 VYGVYVGHQPAVVIHDPEHVEEVLSKDF

8 21 4.8e-077 27 ADYDVPNSGYTIPKGTNIWIS

9 28 2.1e-058 12 VVWDTIEYREKNNVVRNDMIHLLMQLHK

10 18 4.9e-042 26 VPGPPPWPIFGNYWDCLG
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Fig. 1. Discovered conserved motifs of P450 proteins in insects by MEME tool. The motifs were shown as different-
colored boxes.
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Fig. 2. Tertiary structure of P450 protein in D. melanogaster as the insect model (Accession number: NP_525031,
PDB accession code: 41xj) using Phyre2 server. (a) Ribbons model, alpha helices are shown with helix shape and
beta sheets with arrows. (b) Hydrophobicity surface model using Chimera 1.11. Color from red for negative
potential, to blue for positive potential.
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Table 3. Primary structure of P450 in representative insects from different orders

ProtParam
. _ Jsb ; Lol plos slass ] Fsdse 09
@, diged Jse s Sl &kt S Sl
Gravy - - Plaa it - o
Index Sample Total No. of Molecular
Length Formula atoms Aliphatic instability weight Theoretical
index index PI
1 Am-P450 548 Ca821Hu478N7450796520 8863 -0.160 97.50 39.19 62250.3 8.68
2 Ap-P450 508 C2710Ha200N6610742523 8339 -0.005 95.37 31.66 58692.5 8.55
3 Bm-P450 493 Ca620H4134N7040694S20 8172 0.006 110.28 43.37 57241.1 8.69
4 Dc-P450 771 C3920H6201N 10950109941 12356 -0.323 83.99 49.79 87568.5 9.27
5 Dm-P450 556 Ca821H4462N7560817529 8885 -0.188 90.67 41.76 62970.7 6.98
6 Ph-P450 602 C3072Hu830N5200008S24 9658 -0.426 83.07 45.08 68578.5 8.20
7 Tc-P450 521 C2727H4220N7030757S25 8441 -0.226 85.70 26.34 59776.3 8.84
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Table 4. Secondary structure and tertiary structure characteristics of P450 protein in representative insects from
different orders. Tertiary structures are based on “c41xjA” model and confidence 100%.

a5l ksl pow il
@9, Agod Secondary Structure Tertiary Structure
Index Sample Wl 7l 03 S iloho Ly olxas Holad g lo 8
TM-Score
Alpha helix Extended strand Beta turn Random coil
1 Am-P450 43.98 16.79 8.94 30.29 0.2537
2 Ap-P450 40.16 18.90 8.27 32.68 0.2109
3 Bm-P450 48.07 17.44 10.95 23.53 0.1641
4 Dc-P450 39.30 15.43 7.13 38.13 0.1280
5 Dm-P450 51.98 14.21 8.45 25.36
6 Ph-P450 35.71 19.27 8.64 36.38 0.1769
7 Tc-P450 41.84 19.39 9.98 28.79 0.1978
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