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Evaluation of the inhibitory potential of pro-peptide region as the
inhibitor of the digestive chymotrypsin of cotton bollworm, Helicoverpa
armigera (Lepidoptera: Noctuidae), based on in silico studies
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Abstract

The cotton bollworm, Helicoverpa armigera (Hubner), is a wide host range pest that causes severe
economic damages to agricultural crops in Iran and all around the world. During recent years, chemical
insecticides have been used as the most effective strategy in control of this pest, but due to their haz-
ardous effects, most of the researches are being conducted to offer an alternative approach for chemical
control. In this regard, digestive systems, in particular inhibition of insect digestive enzymes, are con-
sidered as a target for pest control. Here, we used the original pro-region of H. armigera chymotrypsin
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as a potent and specific inhibitor of the pest enzyme. The structural model of the insect chymotrypsin
was predicted based on homology modeling and the crystal structure of Bos taurus L. as template. The
reliability of the model was assessed using VERIFY_3D, ERRAT, PROCHECK, WHAT-IF and Z-
scores, and the results confirmed that the predicted structural model has an appropriate quality. More-
over, molecular docking simulations between the predicted structural model of enzyme and designed
peptide showed that the inhibitor peptide has the most appropriate docking score and total binding
energy for interactions with the insect chymotrypsin’s active site. However, it showed a weak potential
for interaction with Sus scrofa L. chymotrypsin, as a representative of the mammalian enzyme. The
results of this report indicate the importance of computational studies in design and selection of the
favored inhibitor pro-peptides against the target enzymes. Such inhibitors can be further suggested as a
replacement of chemical pesticides for controlling of H. armigera as well as the other pests in future.
Key words: Helicoverpa armigera, Chymotrypsin, Homology modeling, Inhibitor peptide, Molecular
docking simulation.
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Table 1. Information of digestive chymotrypsin enzymes from different organisms used in this study.

Length of

Scientific name Common name Family Accession number sequence
(AA)
1  Helicoverpa armigera Cotton bollworm Noctuidae ADI32883.1 295
2 Danaus plexippus Monarch butterfly Nymphalidae OWR44234.1 297
3 Spodoptera frugiperda Fall armyworm Noctuidae AAO075039.1 297
4 Heliothis virescens Tobacco budworm moth Noctuidae AFM28258.1 289
5 Papilio machaon common yell_ow Papilionidae KPJ18047.1 232

swallowtail

6  Drosophila biarmipes Fruit fly Drosophilidae ~ XP_016955872.1 268
7 Sus scrofa Pig Suidae AEC11098.1 268
8 Bos taurus Cattle Bovidae XP_003587247.4 300
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Fig. 1. a. Multiple sequence alignment of chymotrypsin from Bos taurus as a reference amino acid
sequence analysis, Sus scrofa, Drosophila biarmipes, Helicoverpa armigera, Danaus plexippus,
Spodoptera frugiperda, Heliothis virescens and Papilio machaon. The positions of secondary structure
elements; a-helix (a), B-strand (B), 310-helix (n), and turn (T) are shown. Functionally important resi-
dues and the amino acids involved in binding sites are showed by gray circles and blue triangle on the
top and down of sequences. Arrows (1) show the position of the six cysteine residues that could form
disulfide bridges; and b. Amino acid sequences of Helicoverpa armigera midgut chymptrypsinogen.
The pro-region has been shown in bold.
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Table 2. Evaluation of the quality of predicted structural models of Helicoverpa armigera chymotryp-
sin as the target pest, Sus scrofa as mammalian and crystal structure of Bos taurus chymotrypsin as

template, using quality control software (SAVES server).

Parameters Heliciverpa armigera Bos taurus Sus scrofa
1ACB 1PYT

VERIFY 3D (%) 87.71 74.69 90.84 95.82

ERRAT (%) 71.05 76.70 59.09 70.99

PROCHECK (%) 84.4 91.00 65.6 80.2

Z-Score -5.80 -8.03 -5.98 -6.41
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Fig. 2. a. Ramachandran plot; b. VERIFY-3D score, and c. WHAT-IF packing quality scores calculated
for the cotton bollworm and model. The most favored regions (A, B, and L), allowed regions (a, b, I,
and p) and disallowed residues (red color) are marked. d. The overall quality (black color) of the cotton
bollworm and e. Sus scrofa predicted structural models of chymotrypsin.
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taurus and predicted structural models of Helicoverpa armigera and Sus scrofa.

oS jlgs et (5lwd e T
by & Ad @l etiS s Aius sl olle Jts aw d-TASSER 5, 5,5 olul
das e slgii g slaasdlles (gl 15 soltle Jde o S slee RMSD 5 TM-score (C-score (sla;lxe
RMSD (L3 slaaalllas polol o i 03 e (r,f,,m VA 50/80 =Y/VT Uslas o5 5 a0 bl 534S
S22 b saslEs ) 5 +/0 o TM-score Slids 5 skl ol V0 sz Sl Wr—&h ) o
&bl Jue (gl ool oels TM-sCOrE s RMSD ;3lis .(Roy et al., 2010) il e Lao 4L (Folding)
Sl g odd it Je o il (53,550 (6801 5 (ol Caald 51 OLES 6isS sl Aty 5 tie
AT 50 s35doms 53 Jgeme jsb a5 atils asitews alaly ol sladde cuiS L Coscore .oils Sl
aoisl p opl e andllas ol 53 Al e ollae CoiS L ool le e CSSLES SVL slie oS 5,5 e

Al o oS les Aty 5 Sl e it ol Jde il S Sl 4 035 =Y/ il
P KuS1s (5luand

oS Slr odae e T saS O55me3 Dl s 4l elol oy oS sl S carlllas ) o
e e b ol 4 Il b o 3T slaodeS slgn s ol b Sloalone (sl i Sl eslinal b azy 558
Prasad et ) s o i 550 050 53 o 3T 008 Jleb e OF o5 0 5 28 BBt oShaS’ S 3l
L3l e ol Sla SaS s g LB ) il 5 S JsS0se K81 (g5l (al, 2010
(el = o diSlgs SESOLe (o duodda 5 333 ot Sl easlllas (nl s (Leuck & Perkins, 1972)
L Jled ooz p) 53 oAb plasl HADDOCK wliyr Lo 5 580 500 (HSOLe (5lotnd 15
ool (pl 03503 Jlab 2 53 OF LIS 35 5 e 5 508 (SIS el (gladad & Jlail g oSl
Glils & As bl 5 oSaS Ol oSUeS (S3lutnd a5l 23S 1E LUl ssse sl
S a late 5 es g el (g3leand Sl o 5ILL 4 Cen RMSD (1 2aS s HADDOCK Lol s 5V
Shael sl sbms pelod 1) oS 0 slaazes (JIUT. 3L HADDOCK Lo 55 e (glatins (p jiana s |




\ VYA, £0 (F) Ol lidio pim el 4l

LSOk 5l Ul oS s At s 45 313 OLES (Lo (slakins Comax s RMSD HADDOCK
A e 03 s Slemr M s i bl 3l 1) e S seS (8l s sl o L
530S slen ity el b3l st a4 e A3 1B 0t slee dn s 2 e T S oSS
55 B eShaS o 5 508 wal Gadal o sz 53 s N (5 g (gladial ] UL 5y
ool LS jasiiie 55 Aty s 5 4 JLail s s al (Sladeal 5 arlons oS lge 5 g oo 5 5 3
S o ol oS sles a0 JUadl 53 15 A8 5k s 53 sl 03 kS o 5 e s e
JS8) Ll JEE S lge iy Ll 3 o 5T (U olSlr) (S el sl LI S s o 0L
Kalman, ) 45 e Jlasl 15 355 3 o 5T Il bl i L 03,5 5 50kn b Ym0 53T (glaoiiS s la (8
i 53 e S il Slaked s 3 s S ks i o 5l 0L el (1981
oo ol B o5l el (gladnl Clio 22y oins OLES oS 035 Yo UAGO A2l oS jlge i s
o bsleand al oy S 5 glaaies Sltle op 5 03 ediShlgs 5 a5 seS Ll (351 el siS
s e S S ) (53,168 a13 O J iS00 S0 3t ol ik A5 5T
Il sl oS ylgn dizo s VL bl 51 S oS o34 (Kealmolh) Jye s (5 JIS kS —YoA/YA4 i1,

(7 dsder) L3l o 5 508 2, 8ee (55 4

Cilises gl ShaS e gls zdlS J iS5 ESOle (gileand bl glasdll - Jgus

HADDOCK 5 s Jaws 55 0uiS jlgs Aty 5 0 — s 5 505

Table 3. Statistics analysis of HADDOCK results for top-ranked clusters of different complexes be-
tween chymotrypsin — pro- peptide inhibitor.

Statistics analysis Helicoverpa armigera Sus scrofa
(Cluster rank) Complex 92 (1) 44 (1) 137 (2) 108 (2)
HADDOCK score -127.9 -127.9 -96.9 -96.9
Cluster size 38 38 21 21
RMSD (A) 0.8 0.8 0.5 0.5
Van der Waals (kcal.molt) -88.37 -72.68 -94.81 -90.77
Electrostatic (kcal.molt) -169.86 -206.40 5.58 -37.82
Desolvation (kcal.mol?) -37.56 -29.99 2.56 7.86
Total (kcal.mol?) -258.23 -279.09 -89.23 -128.60
Buried surface area (A?) 2393.00 2177.52 2157.93 2157.33
AASA of active site residues (A2?) 306.895 302.990 207.747 91.552
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Fig. 4. a. The pro- peptide inhibitor (red)- the cotton bollworm chymotrypsin (white) complex; b. The
interactions between the inhibitor peptide and the residues involved in the enzyme active site, and c.

The hydrogen bonds (Blue lines) and non-bonded contacts between inhibitor peptide (chain B) and the
cotton bollworm midgut chymotrypsin (Chain A).
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