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XD G YW cladl b (hitp://ecdybase.org) i s sl SLS 5 S 3 oy Cday @Lf slads g ml = J&.ﬂ
(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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armigera and (b) Chrysoperla carnea.
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Fig. 4. Ramachandran plot of Helicoverpa armigera EcR for geometrical assessment.
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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 2 S 528 ni 53 (5,88 (sl el ) wiSTls pmlss =Y

Helicoverpa armigera casy (o5& r;
Table 2. Docking results, the parameters screening suitable phytoecdysteroids to bind EcR receptors of Helicoverpa

armigera.
Energy
Phytoecdysteroids binding '(\fl&?D Ki (LM) 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 02820 SIMM™ Bag7: AlaB3os 4
2,3,14,20,26-PentaHydroxy-6-Oxo- ) Asn B504; Tyr B408; Arg
Stigmast-7-Ene-22,26-Lactol 273588 4 RY 4 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 4L45 72331 gang ArgB383 4
) Thr B343; Ala B398; Glu
21-HydroxyShidasterone 16.904 70.49 7.5mM 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 g;%88383; 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; Glu B309; AlaB398
Tyr B408

Arg B383; Glu B309; Tyr
B408, AlaB398

Arg B383; Glu B309; Ala
B398

GluB309; AlaB398

Glu B309;

Tyr B408; Arg B383; Glu
B309; AlaB398; Thr B346
GluB309; Thr B346, Tyr B408
Arg B383; Glu B309; AlaB398

Chrysoper|a carmea s s 3l (ECR) (5352457 (5015 b uita (gl s S 528 i 3o e JLail oy 1 =F Sk
Table 4. Non-effective binding screened selected phytoecdysteroids by EcR of Chrysoperla carnea.

phytoecdysteroids Eréekrga'f’ /tr’m')”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
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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, -11p3-Hydroxy-20-Deoxyshidegterone; 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
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