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(a) 2,3,14,20,24-PentaHydroxy-6,26-Dioxo-Stigmast-7-Ene-22,26-Olide, (b) 2,3,14,20,26-PentaHydroxy-6-Oxo-
Stigmast-7-Ene-22,26-Lactol, (¢) 2,3,14,20-TetraHydroxy-26-M ethoxy-6-OX O-Stigmast- 7-Ene-22,26-L actol,
(d) 11B-Hydroxy-20-DeoxyShidasterone, (€) 21-HydroxyShidasterone, (f) 24-Hydroxyecdysone 2,3-Acetonide,
(9) AervEcdysteroid A, (h) AervEcdysteroid B, (i) AervEcdysteroid C, (j) AervEcdysteroid D, (k)
CallEcdysterol A, 1) CallEcdysterol B, (m) CallEcdysterol C, (n) E20, (o) GlutinOsterone, (p) P1A, (q)
PonaSteoside B, (r) SeptanoEcdysone.
Fig. 1. Phytoecdysteroids were reported during 2013-2015, on the URL.: http://ecdybase.org (a) 2,3,14,20,24-
PentaHydroxy-6,26-Dioxo-Stigmast-7-Ene-22,26-Olide, (b) 2,3,14,20,26-PentaHydroxy-6-Oxo-Stigmast-7-Ene-
22,26-Lactal, (c) 2,3,14,20-TetraHydroxy-26-Methoxy-6-OX O-Stigmast- 7-Ene-22,26-Lactol, (d) 11p-Hydroxy-
20-DeoxyShidasterone, (e) 21-HydroxyShidasterone, (f) 24-Hydroxyecdysone 2,3-Acetonide, (Q)
AervEcdysteroid A, (h) AervEcdysteroid B, (i) AervEcdysteroid C, (j) AervEcdysteroid D, (k) CallEcdysteral A,
1) CallEcdysterol B, (m) CallEcdysterol C, (n) E20, (0) GlutinOsterone, (p) P1A, (g) PonaSteoside B, (r)
SeptanoEcdysone.
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Fig. 3. Plotting energies as a function of amino acid sequence position in secondary structure of (a) Helicoverpa

armigera and (b) Chrysoperla carnea.
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Table 1. Assessing predicted model of ECR of Helicoverpa armigera and Chrysoperla carnea.

EcR of H. armigera

EcR of C. carnea

Protein Geometry

Peptide Omegas

Low-resolution
Criteria

Poor rotamers 8
Favored rotamers 360
Ramachandran outliers 11
Ramachandran favored 451

Cp deviation>0.25A 1

Bad bonds: 0/3745
Bad angles: 1/5075
Cis Prolines: 0/22
CaBLAM outliers 5

CA Geometry outliers 3

2.1%
95.23%
2.30%
97.61%
0.23%
0.00%
0.02%

0.00%

1.12%
0.67%

5 1.59%
297 94.59%
7 2.72%
320 96.26%
9 2.67%
13/2888 0.45%
61/3889 1.57%
0/16 0.00%
14 4.03%
11 3.17%

Goal:
Goal:

<0.3%
>98%
Goal: <0.05%
Goal: >98%
Goal: 0

Goal: 0%
Goal: <0.1%
Expected: <1 per
chain or <5%
Goal: <1.0%
Goal: <0.5%

(ECR) (5352451 (50,8 4 Jlail 5 e (lak g oS58 i 53 (5, 8% (sl el )l (S5 s =Y o

Helicoverpa armigera cas (o 5 r;
Table 2. Docking results, the parameters screening suitable phytoecdysteroids to bind EcR receptors of Helicoverpa

armigera.
Energy
Phytoecdysteroids binding R'XSD Ki (uUM) Activesite H(t:1 %n;j S
(kcal/mol) )
: 37.574 Glu B309; Arg B383; Met
11p3-Hydroxy-20-DeoxyShidasterone -25.2393 % 121.12 B380; Thr B346: Ala B398 5
2,3,14,20,24-PentaHydroxy-6,26-Dioxo- 37.927 Asn B504; Arg B383; Arg
Stigmast-7-Ene-22,26-Olide 0.2820 S1mM " B3g7: AlaB308 4
2,3,14,20,26-PentaHydroxy-6-Oxo- ) Asn B504; Tyr B408; Arg
Stigmast-7-Ene-22,26-Lactol 273588 38037 9144 B383; Glu B309; AlaB398 5
2,3,14,20-TetraHydroxy-26-Methoxy-6- ) Tyr B408; Ala B398; Glu
OXO-Stigmast-7-Ene-22,26-L actol 138773 4145 72331 pagg ArgB383 4
) Thr B343; Ala B398; Glu
21-HydroxyShidasterone 16.904 70.49 7.5 mM B309; Arg B387 5
24-Hydroxyecdysone 2,3-Acetonide 14.3251 8176 6.81mM  GluB306
AervEcdysteroid A 102001 5211 24143 A2 B GlU B A
AervEcdysteroid B 138605 4391 19829 2;385383; Glu B309, Ala 4
AervEcdysteroid C 2.3385 80.12 1.23mM  Tyr B408
! Arg B383; Glu B309; Tyr
AervEcdysteroid D 6.7036 69.15 211 mM B408, Ala B398 5
Met B380; Arg B383; Glu
CallEcdysterol A -20.9118 30.43 141.22 B309: Ala B398 4
CallEcdysterol B 22000 3806 13354 Conl B30% AG BT Ala g
CallEcdysterol C 193050 3233 11064 A9 B CU BI% T g
Tyr B408; Arg B383; Thr
E20 -27.9898 31.78 2551 B346: Glu B309: Ala B398 6
Asn B504; Tyr B408; Arg
GlutinOsterone -16.7213 34.7 174.6 B387; Arg B383; Glu B309; 7
AlaB398; Thr B346
Tyr B408; Thr B346; Arg
P1A 52332 349 305 B383; Glu B309; AlaB398 6
. Asn B504; Glu B309; Met
PonaSteoside B 59.4725 56.22 12.3mM B342; Thr B346, Tyr B408 5
1154 Thr B343; Arg B383; Glu
SeptanoEcdysone 54.5993 65.33 iy B309; Arg B387: AlaB398 6
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Table 3. Comparing active site overlapping between selected phytoecdysteroids and reference steroids (E20 and P1A).

Phytoecdysteroids E20 P1A
. Glu B309; Arg B383; Thr B346; Glu B309; Arg B383; Thr
11B-Hydroxy-20-DeoxyShidasterone AlaB398 B346: Ala B398

2,3,14,20,24-PentaHydroxy-6,26-Dioxo-Stigmast-

7-Ene-22,26-Olide

2,3,14,20,26-PentaHydroxy-6-Oxo- Stigmast-7-

Ene-22,26-L actol

2,3,14,20- TetraHydroxy-26-Methoxy-6-OX O-

Stigmast-7-Ene-22,26-L actol
21-HydroxyShidasterone

24-Hydroxyecdysone 2,3-Acetonide

AervEcdysteroid A
AervEcdysteroid B
AervEcdysteroid C

AervEcdysteroid D

CallEcdysterol A

CallEcdysterol B
CallEcdysterol C

GlutinOsterone

PonaSteoside B
SeptanoEcdysone

Arg B383; AlaB398

Tyr B408; Arg B383; Glu B309;
AlaB398

Tyr B408; Ala B398; Glu B309;
Arg B383

AlaB398; GluB309

AlaB398; Glu B309;

Arg B383; Glu B309; AlaB398
Tyr B408

Arg B383; Glu B309; Tyr B408,
AlaB398

Arg B383; Glu B309; AlaB398

Glu B309; AlaB398

Glu B309;

Tyr B408; Arg B383; Glu B309;
AlaB398; Thr B346

Glu B309; Thr B346, Tyr B408
Arg B383; Glu B309; AlaB398

Arg B383; AlaB398

Tyr B408; Arg B383; Glu
B309; AlaB398

Tyr B408; Ala B398; Glu
B309; Arg B383

AlaB398; GluB309

AlaB398; Glu B309;

Arg B383; GluB309; AlaB398
Tyr B408

Arg B383; Glu B309; Tyr
B408, AlaB398

Arg B383; Glu B309; Ala
B398

Glu B309; AlaB398

Glu B309;

Tyr B408; Arg B383; Glu
B309; AlaB398; Thr B346
Glu B309; Thr B346, Tyr B408
Arg B383; Glu B309; AlaB398

Chrysoperla carnea s s, 53 (ECR) (555245 i 15 b ontte (lats s ST 528 350 o8 JLall gy -F Il
Table 4. Non-effective binding screened selected phytoecdysteroids by EcR of Chrysoperla carnea.

phytoecdysteroids Eréekrga'f’ /?;]r(‘)‘f")”g RMSD () Ki (uM) active site H&'%”;’s
11p-Hydroxy-20-DeoxyShidasterone -3.93 54.74 421.32 Arg A230; GluA276 2
2,3,14,20,26-PentaHydroxy-6-Oxo- .
Stigmast-7-Ene-22,26-Lactol -7.36 48.39 391.44 Tyr A262, AlaA567 2
CallEcdysterol A -5.18 42.83 341.62 GluA279 1
CallEcdysterol B -4.59 35.86 453.54 Thr A309; Arg A487 2
CallEcdysterol C -4, 95 52.31 510.44 Asn A456; Ser 512 2
GlutinOsterone -6.23 64.22 474.16 Arg A303 1

EPREN

EE s sl il sl sy o laler
ph 2318 ae sl b3l € pa L Jue o5 S
San y bia AL Gl el asi 5o
SE20 m 355 Lol (G0iS jlga b auslie LB 5 cnlie
LS 5 35 e slgit (S PIA i, s gise
S350 =il sla el pod bl ) Sd s

s plowil (555 a8) Glaods S

O g plasil S s e sMe 5ludie sla 5,

Le0l 8 slpe b o i lesT g5 51 i Keasiia oo
LT el S (2olajT s 45 das oo 1y o8 s
(T slgr s sdainas dals e dST]) e b S 5
A3 p ST 53 Gyansr GodS S L 5T g0 S
) IS m g g il 53 ool Y gl 05 S
sl e S ly en 3 Losylaly SUls
45 pdy ploml s 5 385 Giledds ol o S 5 50
e ;o pandlCoul arse e s SiolajT clil



e SIS D i lgieds ALS Wdg puwl W 349,15 Suw Sl 1]y Sod g 23] 0 44

ol el L Ll 3l e 25 5eT 5 sy Sl e S5 ol
Dy o 13,8 5 S dilerans (ilazils 0 dSiils 3l eslj ol 5875 Slas 3 5l abwsop s

L5 SIS Lo ptasms 175 BT 5 dgden (wss 2 (g5leg )l

Pl 534S g e (33 (S p s e 0S5 |

References

Acton, Q.A. 2011. Pesticides: Advances in Research and Application: 2011 Edition. Scholarly Editions. pp. 297.

Ahmad, M. 2007. Insecticide resistance mechanisms and their management in Helicoverpa armigera (Hubner): a
review. Journal of Agricultural Research, 45 (4): 319-335.

Albuguerque, G.S., Tauber, C.A. & Tauber, M.J. 1994. Chrysoperla externa (Neuroptera: Chrysopidae): Life
History and Potentia for Biological Control in Central and South America. Biological Control, 4(1):
8-13.

Allert, M., Rizk, S.S., Looger, L.L. & Hellinga, H.W. 2004. Computational design of receptors for an
organophosphate surrogate of the nerve agent soman. Proceeding of the National Academy of
Sciences of the United States of America, USA. 101; 7907-7912.

Benkert, P., Biasini, M. & Schwede, T. 2011. Toward the estimation of the absolute quality of individual protein
structure models. Bioinformatics Advance Access, 27 (3): 343-350.

Billas, I.M., lwema, T., Garnier, JM., Mitschler, A., Rochel, N. & Moras, D. 2003. Structural adaptability in the
ligand-binding pocket of the ecdysone hormone receptor. Nature, 426(6962): 91-96.

Billas, .M. & Moras, D. 2005. Ligand-binding pocket of the ecdysone receptor. Vitamins and Hormones, 73:
101-29.

Billas, 1.M.L., Browning, C., Lawrence, M.C., Graham, L.D., Moras, D. & Hill, R. 2009. The structure and
function of ecdysone receptor. pp. 335-360. In: Smagghe, G. (ed.), Ecdysone: structures and
functions. Springer, Berlin.

Carmichael, JA., Lawrence, M.C., Graham, L.D., Pilling, P.A., Epa, V.C., Noyce, L., Lovrecz, G., Winkler,
D.A., Pawlak-Skrzecz, A., Eaton, R.E., Hannan, G.N. & Hill, R.J. 2005. The X-ray structure of a
hemipteran ecdysone receptor ligand-binding domain: comparison with a lepidopteran ecdysone
receptor ligand-binding domain and implications for insecticide design. The Journal of Biologica
Chemistry, 280(23): 22258-22269.

Dhadiala, T.S., Carlson, G.R. & Le, D.P. 1998. New insecticides with ecdysteroidal and juvenile hormone
activity. Annual Review of Entomology, 43: 545-609.

Dhadialla, T.S., Retnakaran, A. & Smagghe, G. 2005. Insect growth and development-disrupting insecticides.
pp. 55-115. In: Gilbert, L.1., latrou, K. & Gill, S.S. (eds.), Comprehensive Molecular Insect Science.
Elsevier Press, Oxford.

Dinan, L. 2001. Phytoecdysteroids: biological aspects. Phytochemistry, 57(3): 325-339.

Dinan, L., Savchenko, T. & Whiting, P. 2001. On the distribution of phytoecdysteroids in plants. Cellular and
Molecular Life Sciences, 58 (8): 1121-1132.

Eisenberg, D., Lithy, R., & Bowie, J.U. 1997. VERIFY 3D: assessment of protein models with three dimensional
profiles’. Methods Enzymology, 277: 396-404.



sy VWA Jbw g (50)kond o,y sl ((Suijol 53 amj Jloe

Fahrbach, S.E., Smagghe, G. & Velarde, R.A. 2012. Insect nuclear receptors. Annual Review of Entomology,
57: 83-106.

Farid, A. 1986. Study of bollworm Helicoverpa armigera (Hibner) on tomato in Jiroft and Kahnuj. Applied
Entomology and Phytopathology, 54: 12-24.

Fathipour, Y. & Naseri, B. 2011. Soybean cultivars affecting performance of Helicoverpaarmigera (Lepidoptera:
Noctuidae). pp.599-630. In: Ng, T.B. (ed.) Soybean Biochemistry, Chemistry and Physiology. Rijeka:
InTech.

Ghadari, R. 2012. Practical Computational Chemistry Docking & MD Simulation. Parivar. Tabriz. pp. 126. (In
Persian).

Ghosh, D. & Laddha, K.S. 2006. Extraction and monitoring of phytoecdysteroids through HPLC. Journa of
Chromatographic Science, 44 (1): 22-26.

Gidlo, F., Medina, P., Gritzmacher, A. & Vifiuela, E. 2009. Effects of pesticides commonly used in peach
orchards in Brazil on predatory lacewing Chrysoperla carnea under laboratory conditions.
BioControl, 54(5): 625-635.

Godoy, M.S., Carvaho, G.A., Moraes, J.C., Cosme, L.V., Goussain, M.M., Carvalho, C.F. & Morais, A.A.
2004. Selectivity of six insectides used in citrus crops on pupae and adults of Chrysoperla externa
(Hagen) (Neuroptera: Chrysopidae). Neotropical Entomology, 33: 359-364.

Graham, L.D., Johnson, W.M., Pawlak-Skrzecz, A., Eaton, R.E., Bliese, M., Howell, L., Hannan, G.N. & Hill,
R.J. 2007. Ligand binding by recombinant domains from insect ecdysone receptors. |nsect
Biochemistry and Molecular Biology, 37(6): 611-26.

Guex, N., & Peitsch, M.C. 1997. SWISS-MODEL and the Swiss-Pdb Viewer: an environment for comparative
protein modeling. Electrophoresis, 18: 2714-2723.

Kuhr, R.J. & Motoyama, N. 1998. Pesticides and the Future: Minimizing Chronic Exposure of Humans and the
Environment. 10S Press. Amsterdam.

Liu, Z., Li, D., Gong, P. & Wu, K. 2004. Life table studies of the cotton bollworm, Helicoverpa armigera
(Hubner) (Lepidoptera: Noctuidae), on different host plants. Environmental Entomology, 33: 1570-
1576.

Medina, P., Budia, F., Tirry, L., Smagghe, G. & Vifiuela, E. 2001. Compatibility of Spinosad, Tebufenozide and
Azadirachtin with Eggs and Pupae of the Predator Chrysoperla carnea (Stephens) Under Laboratory
Conditions. Biocontrol Science and Technology, 11(5): 597-610.

Medina, P., Smagghe, G., Budia, F., Del Esta, P., Tirry, L. & Vinuela, E. 2002. Significance of penetration,
excretion, and transovarial uptake to toxicity of three insect growth regulators in predatory lacewing
adults. Archives of Insect Biochemistry and Physiology, 51(2): 91-101.

Medina, P., Smagghe, G., Budia, F., Tirry, L. & Vifiuela, E. 2003. Toxicity and absorption of azadirachtin,
diflubenzuron, pyriproxyfen, and tebufenozide after topical application in predatory larvae of
Chrysoperla carnea (Neuroptera: Chrysopidae). Environmental Entomology, 32(1): 196-203.

Mojeni, T.D., Bayat Asadi, H. & Noori, G. 2000. Identification of bollworm species and determination the
percentage of abundance on important hosts of Golestan province. Proceedings of the 14™ Iranian
Plant Protection Congress, Isfahan University of Technology. 5-8 Sept. (In Persian with English

summary).



e SIS D i lgieds ALS Wdg puwl W 349,15 Suw Sl 1]y Sod g 23] 0 A

Mojeni, T.D., Bayat Asadi, H., Noori, G. & Shojaei, M. 2005. Study on bioregiona aspects of bollworm
Helicoverpa armigera (Hub.) (Lepidoptera: Noctuidae), in the cotton fields of Golestan province
Agriculture Science, 11 (2): 97-115. (In Persian with English summary).

Mora Garcia, F.J. 2006. Analysis of the spatio-temporal distribution of Helicoverpa armigera (Hubner) in a
tomato fields using a stochastic approach. Biosystems Engineering, 93: 253-250.

Mommaerts, V., Sterk, G. & Smagghe, G. 2006. Bumblebees can be used in combination with juvenile hormone
anal ogues and ecdysone agonists. Ecotoxicology (London, England), 15(6): 513-521.

Moras, D. & Gronemeyer, H. 1998. The nuclear receptor ligand-binding domain: structure and function. Current
Opinion in Cell Biology, 10(3): 384-391.

Nakagawa, Y. 2005. Nonsteroidal ecdysone agonists. Vitamins and Hormones, 73: 131-173.

Nakagawa, Y. & Henrich, V.C. 2009. Arthropod nuclear receptors and their role in molting. The FEBS Journal,
276(21): 6128-6157.

Naseri, B., Fathipour, Y., Moharramipour, S. & Hosseininaveh, V. 2009. Life table parameters of the cotton
bollworm, Helicoverpa armigera (Hubner) (Lepidoptera: Noctuidae) on different soybean cultivars.
Journal of Entomological Society of Iran, 29: 25-40. (In Persian with English summary).

Pimentel, D. 2002. Encyclopedia of Pest Management. Marcel Dekker, INC. New Y ork. Basel, pp. 933.

Ramachandran, G.N., Ramachandran, C. & Sasisekharan, V. 1963. Stereochemistry of polypeptide chain
configurations. Journal of Molecular Biology, 7: 95-99.

Reddy, K.S., Rao, G.R., Rao, P.A. & Rajasekhar, P. 2004. Life table studies of the capitulum borer, Helicoverpa
armigera (Hubner) infesting sunflower. Journal of Entomological Research, 28: 13-18.

Retnakaran, A., Krell, P., Feng, Q. & Arif, B. 2003. Ecdysone agonists. mechanism and importance in
controlling insect pests of agriculture and forestry. Archives of Insect Biochemistry and Physiology,
54(4): 187-199.

Schmelz, E.A., Grebenok, R.J., Ohnmeiss, T.E. & Bowers, W.S. 2002. Interactions between Spinacia oleracea
and Bradysia impatiens. a role for phytoecdysteroids. Archives of Insect Biochemistry and
Physiology, 51 (4): 204-221.

Senior, L.J. & McEwen, P.K. 2001. The use of lacewings in biological control. Lacewings in the crop
environment. (ed. McEwan, P.K., New, T.R. & Whittington, A.E.), pp. 296-302. Cambridge University
Press, Cambridge.

Vogt, H. 1994. Effects of pesticides on Chrysoperla carnea Steph. (Neuroptera: Chrysopidae) in the field and
comparison with laboratory and semi-field results. IOBC/WPRS Bull 17: 71-82.

Wing, K.D., Slawecki, R.A. & Carlson, G.R. 1988. RH 5849, a nonsteroidal ecdysone agonist: effects on larval
Lepidoptera. Science, 241(4864): 470-472.

Wiederstein, M., & Sippl, M.J. 2007. ProSA-web: interactive web service for the recognition of errors in three-
dimensional structures of proteins. Nucleic Acids Research, 35: W407-W410.

Yao, T.P., Forman, B.M., Jiang, Z., Cherbas, L., Chen, J.D., McKeown, M., Cherbas, P. & Evans, R.M. 1993.
Functional ecdysone receptor isthe product of EcR and Ultraspiracle genes. Nature, 366(6454): 476-479.

Yong, L., Lambert, M.H. & Xu, H.E. 2003. Activation of nuclear receptors. a perspective from structural
genomics. Structure, 11: 714-746.



4 YYD JUw 93 (58 loud o, o W« Si320L5 43 s § 50

Young, D.C. 2009. Computational Drug Design: A Guide for Computational and Medicinal Chemists. John
Wiley & Sons, Inc. Hoboken, New Jersey.

Yu, FL., Wu, G, Liu, T.J, Zhai, B.P. & Chen, F.J. 2008. Effects of irrigation on the performance of cotton
bollworm, Helicoverpa armigera (Hubner) during different pupal stages. International Journal of Pest
Management, 54: 137-142.

Zotti, M.J., Chrigtiaens, O., Rouge, P., Grutzmacher, A.D., Zimmer, P.D. & Smagghe, G. 2012. Sequencing and
structural homology modeling of the ecdysone receptor in two chrysopids used in biological control of
pest insects. Ecotoxicology, 21(3): 906-918.






& Biocontrol in Plant Protection. Val. 4 (2), 2017

Feasibility study on the use of several phytoecdysteroids as biopesticides via evaluation
of their interaction models with Ecdysone receptor s of

Helicoverpa armigera and Chrysoperla carnea

Arezo Heydarzade, Orouj Valizadegan, Mahmood Jokar

Department of Plant Protection, Faculty of Agriculture, Uromia University, Uromia, Iran
Corresponding author: Arezoo Heydarzade, email: arezoo.heydarzade@gmail.com

Received: Dec., 07, 2015 4(2) 55-70 Accepted: Oct., 31, 2016

Abstract

Helicoverpa armigera (Lepidoptera: Noctuidae) is one of the important pests of cotton in the world and
Iran with wide host range and causes an irrecoverable damage in the agricultural system. In the past decades,
researchers have been searching for a new technology to produce safe pesticides with the properties such as
selective effects on target pests and less risk on non-target organisms and the environment. One of the most
popular pesticides is disruptive molting (IGRs) which has been used widespread in the fields. The aim of this
study was to evaluate the interactions between some phytoecdysteroids which submitted in data base, during
2013-2015, and Ecdysone receptors in order to control H. armigera with less adverse effects on Chrysoperla
carnea as a natural enemy by molecular docking. Ecdysone receptor models of H. armigera and C. carnea were
designed and their efficacies were estimated. According to the Z-score index, qualities of ECR receptors made
for H. armigera and C. carnea were equivalent to NMR and X-ray crystallography methods, respectively.
Results showed that among tested phytoecdysteroids, 11p-Hydroxy-20-Deoxyshidesterone; 2, 3, 14, 20, 26-
PentaHydroxy-6-OX O-Stigmast-7-ENE-22.26-Lactol; Callecdysterol A, B, C and Glutinosterone had the minimum
inhibition constant (Ki), the most negative bonding energy and the minimum changes in RMSD in binding to
target pest ecdysone receptor. In conclusion, the mentioned phytoecdysteroids, have a potential to control H.
armigera with less side effects on C. carnea life cycle.

Keywords: molecular docking, Helicoverpa armigera, ECR, homology model




