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Chapter 11 

Insect Neuropeptides and 
Application in Pest Management 

* A.Josephrajkumar, M.K. Rajesh and 
P. Chowdappa 

1. Introduction 
Neuropeptides are biologically acti ve peptides that are mainly produced 

in neurosecretory cells of insects constituting a diverse widespread class of 
signaling substances in the nervous system. Insect neuropeptides function as 
neurotransmitters, neuromodulators and neurohormones and are therefore called 
'master regulators' of metabolic, homeostatic, developmental, reprod uctive and 
behavioural events during an insect life (Holman et al., 1990). Neuro transmitters are 
chemicals responsible for transmitting impulses between nerve cells by transientl y 
altering the electrical excitability of cell membranes. Neur omodu lators exert slow 
modulatory effects and control the level ofexcitabil ity of whole group of nerve cells . 
Neurohormones tend to influence slow onset of events and act at a distance from the 
release site . In insects, a large number of neuropeptides are true neurohormones that 
regulate the above mentioned processes in a precise and controlled wa y. To interfere 
w ith these developmental processes in insects, and use the neuropeptides in safe 
and rational manner, it is logically importan t to characterize various neuropeptides 
an d understand their functioning (Cade and Goldsworthy, 2003). 

In. insects, neuropeptides have been extensively studied with respect to their 
§	 roles as circulating hormones. Although role of neuropeptides in the insect central 
~	 nervous system (e N S) is less understood, it is commonly considered that they act 
~	 as neuromodulators or co-transmitters ra ther than as neurotr ansmitter (Nassel and 

H amberg, 2006). The term co-transmitte r can be applied to a neuropeptide that is 
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Energ co- loca lised with a class ical neurotransm itter that ac ts on an ion-channel type of 
like fljrecep tor (Burns toc k. 2004). When the neuropeptide is coreleased w ith the classical 
depen neurotransmi tter, the acti va tion of the peptide G-Pro tein Cou pled Recep tor (GPC R) 
am ine leads to the modulat ion of the ion -channel m ediated signaling. Neuro pep tid es can 
by en, pl ay a multitude of functional ro les in the brain and ev en single ne uropep tides are 
corpo likely to be multifunctional (Nassel and Homberg, 2006). 
lead in 

Neuropep tides have been identified in insect neurons by immunocytochemistry and yv 
and in seve ral cases by in situ hybridization histochemistry. Mos t of the kn ow n insect 
neuropep tides are present in in terneu rons and in neurosecre tory or endocrine cells 4.1 ft 
(Nasse l, 2002; H omberg, 2002). Great diversi ty exists in the p atterns of dis tribu tion A 
of the various neuropep tides. and th e differen t pep tid ergic circui ts d isplay va rious wi th f 
degrees of com p lexity. In Drosophilamelanogaster, certain peptidergic sys tems h ave amine 
been explored with m olecu lar genetics approaches, such as cell specific in terf erence was ic 
wi th peptide signaling by us in g the binary GAL4-UA S sys tem (Duffy, 2002) and nearly 
in other insec ts more trad itional pharmacologica l and physiological experimen ts Recen 
have been pe rformed . Remarkable ad vances in the field of neuropeptide res earch also cl 
an d th e comparative approach paved way for the di scovery of many no vel peptide durin: 
s truc tures . The tot al number of pep tides isola ted from insec t nervous sys tem involv 
exceeded 200 and ar e clas sified in to 20 families ( asset 1995). The first insect linkec 
ne uropeptid e identi fied is proctolin . locorn 

Gade 2 . Proctolin 
Proctolin is the firs t pentapeptide isolat ed from the gut of American cockroach, 5. tel 

Periplaneta americana and was p roposed to function as a neurotransmit te r wi th It 
myotropic properties. It prod uces slow graded contraction of longitud inal muscles are cn 
of proctodeum and modulates muscle excitability (Starrat & Brown, 1975). Using Subst: 
immunohistochem istry, it was found that p roc tolin -Iike im muno reactive ne urons ind ue 
and p rocesses are widely distributed throu ghout th e cen tral nervous sys tem, d imin 
stomatogastric nervous sys tem and peripheral tissues su ch as oviducts an d extrac 
alimentary canal. Of late, p roc tolin-like imm unoreactive la tera l neurosecretory cells and n 
in the brain project processes to corpus card iacu m and corp ora allata. Proctolin the rru 
was now designated as a rel easing factor capable of stimulating th e release of al., 201 
adipokinetic hormone from the corpus ca rdiacum and of stimu la ting juvenile penet: 
hormone p rod uction from the corp ora allata . respol 

gluca, 3. Nomenclature 
Insect neuropep tides are named after the first th ree and two letters of th e gen us 6. In 

and sp ecies name of the insect, respec tively. Adipokine tic hormone from Locusta Po 
migratoria is therefore named as Locmi-AKH (Raina and Cade, 1988). by cnt 

Th is m ini review focuses on few ne uropeptid es of po ten tial app lica tion in to a level I 
number of promising insect m od el system . vertel 

and p
4 . Adipokinetic Hormone (AKH) phage 

AKH produced by corpora cardiac, mobi lizes carboh ydra tes and lip ids from bv ha 
insect fat body during extreme physical acti vities su ch as fligh t and loc om otion . 
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Energy demand is profusely accelerated during h igh in tensity m uscular work >e of 
like flight, where 100-fold enhancement is documented. H ence, flight muscles aresica l 
depe nded on aerobic en ergy metabolism and oxidation of lipi ds, carbohydrates and'CR) 
am ino acids (Gade and Auerswald, 1998). Intermediary me tabolism is orchestrated , can 

oare by end ocrine glands releasing short peptides from p aired neurohemal glands, 
co rpora cardiaca (Gade, 1996). Such metabolic regulators are termed adipokinetic, 
lead ing to h igher levels in lipids, trehalose an d proline in insect haemolyrn ph as 

istry an d when the demand is on (Gade and Goldsworthy, 2003) . 
isecl 
cells 4.1 AKH-Structure 
tion AKH was p urified and sequen ced from the migratory locust, Loeustamigratoria 
iou s with 8, 9, or 10 amino acid residues having pQ group at N -term inus, aliphatic or 
lave amino acid resid ue at position 2 and am ide-group at C-terminus position. AKH 
mce was identified in all in sect orders, cer tain annelids, m ollusks and nematodes and 
and nearly thirty-six different iso forrns of insect AKI-I are reported (Gade et al., 1997). 
en ts Recen tly, "AKH-like" and "p roto-Ak H " with more th an 10 amino acid resi d ues are 
irch 

also character ized (Li et al., 2016). In addition to the mobilization of energy substrates 
tide durin g high demand phase of fligh t an d stress-shooting mechanism, AKH is also 
tern 

involved in inhibition of RNA syn thes is of lip ids and proteins in fat body, acti v ities 
sect linked to cardio-exci tatory properties in Purrhocorisapierous, acce lera ted long-term 

locom otion as we ll as insect im m unity engulfing entomopathogens (Gade, 1996; 
Gade et al., 1997). 

ach . 5. Locomotion 
vith 

It was well known and demonstrated that the av ailability of energy substrates 
d es a re crucial for sustained flights in locusts rather than extracts from corpora cardiaca.
;ing 

Subs tan tial availability of lipids in synergy wi th the extrac ts from corpora cardiac 
ons in duced h igher flight speeds in locusts, and that the flight speed was tremendously
em, 

dimin ished under reduced titr e of lipids even with the injection of corp ora card iaca
3.l1d extracts. Th us, the flight dynam ics in locusts is influenced by the availab ility of lipi ds 
:ells 

and regu lated by AKH (Golds w orthy et al., 1979). In P. apterous, AKH enhanced
Jlin the m obilization of lip ids and accelerated locomotion under its influence (Kod rik et 
~ of al., 2002) . Topical applica tion of con-specific AKH ad m ixed with organic solvents
nile 

penetra ted the cuticle of the cricket, Gryllus bimaculatus an d elicited flight-induced 
responses. Though structurally unrelated, AKH has similar function in insects as 
glucagon and adrenalin have in m am m als . 

nus 6. Insect Immunity 
ista 

A defensive response is exh ibited by an insect when the ir tissues are invaded 
by entomopathogens.Th e immune response is elicited at bo th cellu lar and humoral 

to a level to coun ter the aggression but not akin to antibody production me chanism in 
ver tebra tes. Proteins in insect h aemolymph recognize glucans in fungal cell walls 
and peptidoglycans in bacterial cell wall stimulating cellu lar mechanism involving 
phagocytosis and enc apsulation . In certain cases, invading pathogens are engulfed 

om by haemocytes to form nod ules . Activation of prophenoloxidase casc ade resulting 
on. 
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in the synthesis of antimicrobial peptides to neutralize infection in he amolym ph 
indicates the humoral defense mechanism (Lavine and Strand, 2002). 

AKH has greater influence in signaling the activation of prophenoloxidase que 
cascade in locusts. Mere injection of lipopolysaccharide and lam inarin from foo 
infectious bacterium and fungal cells , respectively into the locusts could not feel 
trigger the prophenoloxidase cascade unless Locmi-AKH1 is co-injected. Nod ule wa. 
formation as well as increase in phenoloxidase in locusts could be elicited only in the pai 
simultaneous presence of AKB and lipopolysaccharide and laminarin (Goldsworthy foo 
et al., 2003). Induction of apolipophorin III by the action of AKH was involved in ant: 
the activation of prophenoloxidase cascade by lipopolysaccharide and lam inarin mig 
(Dettloff et al., 2001). Deciphering the interaction between the insect immunity and cau 
endocrine system has opened out to understand the role of certain eicosanoids on a fa 
the activation of phenoloxidase and nodule formation in insects . nor 

ane 
7.	 Homeostasis and Feeding Regulation by Neuropeptides for 

Water and ion balance in insects are well regulated and maintenance of 
7.Ssufficiently stable state of water balance has long been recognized . In the absence of 

signific ant blood pressure in the insect circulatory system, primary urine formation 
is mostly by secretion rather than by filtration. Malpighian tubules located at the m al 

junction of midgut and hindgut secreting KCl or 'aCl rich solutions which are rele 
essentially isoosmotic to haemolymph and water and solutes follow by pa ssive sulf 
di ffusion, with exception of some active transport inv olved for elimination of toxic mo­
substances. The excretory system is prima rily resp ons ible for homeostasis, following and 
metabolic modification of toxic compounds to chemicals more readily excreted or con 
could be safely stored (Ramsay, 1954). 

8. : 
7.1	 Osmoregulation 

Excretion and wa ter balance are under neuroendocrine control. The hormone mat 
involved in the process of diuresis are called diuretic hormone (DH) . They are und 
responsible for the secretion of urine by the Malpighian tubules.Although, a number on r 
of diuretic hormones ha ve been identified in insects, 5-hydroxytryptamine is the aun 
major diuretic hormone of Rhodnius prolixus which could consume 10-20 folds their (Rai 
body weight in a single meal. There are three primary diuretic hormones found in am n 
insects: Corticotropin Releasing Factor (CRF) and a famil y of smaller kinins, and tern 
serotonin. CRF-like DH and kinins are classified as neuropeptides and the serotonin, late: 
5-hydroxytryptamine is classified as a neurotransmitter (Coast et al.,2002). Diure tic C-tE 
hormones act in synergism to enhance the process of diuresis. myc 

The most studied CRF-like DB are Manse-DH, Locmi-DH and Achdo-DH. forn 
CRF-like DH is similar to vert ebrate-CRF that mediates the secretion of ur ine and 
through the p roduction of cyclic-AMP. Active transport of Na: an d K+ into the Phe 
Malpighian tubules could be accomplished by the CRF-like DH through cAMP. In regl 
genera l, transport of ions from the haemolymph into the Malpighian tubules leads m Ol 

to the secretion of urine. Insect CRF-like diuretic pep tides adopt a folded helix-loop G (i 
conformation bringing C-te rmina l amide close to N-termin us whereas human CRF 
assumed rod-like ?-helical con formation (Coast et al., 2002). 
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h 7.2 Feeding Regulation by DH 

Sensitivity of a given species of an insect herbivore is dependent upon the 
,e quan tity and chemical st ructure of the feeding deterrent. Food as well as non­
n food stimuli both from within and outside the animal is involved in regula tion of 
It feeding, amply modulated by feedback mechanism from stretch receptors of gut 
e wall, hormones and composition of blood (Simpson and Bernays, 1983). Tobacco leaf 
,e painted with Manse-DH-ll and fed to first-instar larvae of Manducasexta reduced 
y food consumption and caused high mortality. Injection of diuretic peptides induced 
n antifeedant activity for Manse-DH in Heliothis viresencs larvae and for Locmi-DH in L. 
n migratoria (Coast et al.,2002). In locusts, filling of foregut during the feeding process 
d caused closure of the pores at the tip of the taste sensilla on the mouth by release of 
n a factor from corpora cardiaca into haemolymph. It was therefore indicated that the 

normal release of endogenous Cl~F- like DH signals the end of the meal in locusts 
and thus altered the feeding behavior in L. migraioria. Development of analogues 
for CRF-like DH could interrupt the feeding behaviour in insects. 

if 
)f 7 .3 Feeding Regulation by Sulfakinins 
'1 Sulfakinins are myostimulatory pep tides partially similar to gast rin in 
e ma mmals. Sulfakinins cause muscle contraction on insect gut and occasionally 
e releases amylase that is involved in digestion. By inducing muscle contraction, 
e sulfakinins cause irregular peristaltic movement of gut wall and may interru pt the 

movement of food ingested from crop to midgut. Injection of sulfakinin into locust 
0­ and cockroaches diminished the food int ake in these insects by altering muscular 
r contraction in gu t (Wei et al., 2000) . 

8. Disrupting Sex Attraction 
Sex pheromones are intra-specific semiochemicals that attract conspecific 

males / females from over great distance. Basic chemistry of these pheromones is well 
understood in certain of the Lepidopteran and Coleopte ra insects; however, research 
on regu lation of pheromone biosynthesis has been initiated. In corn earworm moth, 
a unique factor from brain was found responsible for the biosynthesis of pheromones 
(Raina and Klun, 1984). This factor was later iden tified as a peptide containing 33 
am ino acid residues that st imula tes the biosynthesis of moth's sex pheromone 
termed as Phe romone Biosynthesis Activating Neur opep tide (PBAN), which was 
la ter characterized by a common amino acid sequenc e FXPRLamide motif in the 
Csterm inus (Raina et al., 1989). In flesh flies, these pep tides are pyrokinins and 
myotropins that stimulate the hind gut and oviduct in vitro accelerating puparium 
formation. PBAN is released into the hemolymph of females during the scotophase 
and is drastically reduced after mating, contributing to the loss in female receptivity. 
Pheromone production is age-dependent and Juvenile Hormone is involved in its 
regu lation. It was determined that substitution of T at X-position of PBAN was 
more biologically active in pheromone bioassay than analogues containing V, S or 
G (Abernathy et al., 1995). 
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8.1 Antagonists of PBAN 

A linear lead antagonist that imposed conformational modula tion on Helze­
PBAN was designed by Als tein et al. (2000). It was observed that in Helze-PBAN, 
the hex apeptide PBAN28 .'3 is as active in stimulating pheromone bios ynt l esis of H. 
zea as the com plete PBAN 1•3

3' Replacement of L-amino acids (Ser" or Arg32) by the 
D-hyd rophobic amino acid D-Phe was found to be an effective PBAN antagonist 
capable of inhibiting sex pheromone biosynthesis in the female moth, H. zea. 
Compounds wi th ant agonistic activi ty up to 96 per cen t could be ob tained and the 
most active peptide had an alkyl chain length of two and a spacer chain length of 
th ree carbons (Alstein et al., 2000). Development of non-pep tide analogu es w ith 
insecticidal properties is being attempted. 

8.2 Pseudopeptide Analoges of PBAN 

Neuropeptides, which are pol ar in na tur e could not penetrate the non-polar 
lip id layer of insect cu ticle and these pep tide s are bro ken dow n by pep tidases in the 
gu t and haemolymph as well. Nachman et al. (2001) developed paseudopeptides 
that were ab le to penetrate the hydrophobic cuticle and had enhanced peptidase 
resistance. Addition of various hydrophobic groups to the N-term inus of the 
C-terminal pen tapeptide active core, which in conjunct ion with the po lar Arg 
side cha in, confer an amphiphilic property. Hydrophobic groups appended to 
N-term inus included fatt y acids of various cha in leng th, cho lic acid, aromatic acids 
and carboranylpropionic acid . Amphiphilicana logues are more resis tan t to digestion 
by am inopeptidases and have higher binding affin ity for the receptor . Topical 
applica tion of na tive PBAN and the pentapetide fragment had no pheromonotrop ic 
activity but the amphiphilic ana logues had significant pheromonotropic activity. 
Higher number of phenyl rings conferred higher resistance to aminopeptidases. 

9. Growth and Development 
The steroid hormone, ecdysteroids and the terpenoid, juvenile hormone regulate 

grow th and reproduction in insects. Ecdysteroid triggers mou lting events and the 
characteristic of the moult is orchestrated by juvenile hormone. Both the hormones 
are produced by endocrine glands and their synthes is is regulated by neuropeptides 
(Ca de et al., 1997).The neuropeptide , Prothoracicotropic hormone (PTTH) stimula tes 
the synthes is and release of ecdysteroids .PTTH was firs t identified in B. morias 109 
amino acid residue long, with seven Cys residues form ing disulfide bridges and a 
N-glycosylation site (Ca de, 1997). Juvenile hormone is a sesquiterpene produced 
by the corpora allata. Several slightly different forms known as JHO, JH1, JHII and 
JH Ill con taining 19, 18, 17 an d 16 carbon a toms, respec tively have been isolated. 
JHIll is the ubiquitous form occurring in most inse cts. Titre of juvenile hormone 
in the haemol ymph is determined mainly by the ra te of biosynthesis from corpora 
allata (Tobe and Stay, 1985). It was now unders tood that two types of neuropepti des 
reg ula te the JH p roduction in vitro, allototropins by stimulation of JH biosynthesis 
and allotostatins by its inhibition. 
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9 .1 Moth Allatostatin or C-type 

The Moth Allat ostatin is a IS-residue peptide repor ted first fro m ho rn 
'
T

I worm, tvumduca sexta which is cha rac teriz ed by an N- terminal pGlu residue, a 
t. free C-terminus and two cys residues forming an intramolecular disulfide br idge 
e (Kramer et al ., 1991). This pep tide inhibits JH biosynthesis in vitro in several moths 
;t but is found cardioinhibitory in frui t fly. It also inhibi ts the feedi ng of toma to moth, 
l. Lacanobia oleracea L. in vitro (Audsley et al., 2001). 
e 
)f 9.2 Snow Drop Lectin Fusion Protein 
h Topical sprays of neuropept ides were not success fu l on acco un t of its po lar 

nature and as such pep tides are pr one to degradation in the environmen t. In this 
cont ext a novel de livery of neuropeptides wa s attemp ted . It wa s observe d that 
the allotostatin identified in Loleraceae is identical wit h that of M. sexta. Injection of 

If allo tos tatin d id not inh ibit JH biosynthesis in larvae of L. oleracea but feeding was 
e reduced an d growth was retarded induc ing up to 80 per cen t mortality. Dietary 
s incorporation of allotos tatin was ably inac tivated by the proteases in the digestive 
e sys tem. In a class ical s tudy it was observed that the mannose-binding plan t lectin 
e from snow dr op (Galanthus niualis agglutinin l GNA) was not digested by the gut 
s proteases an d coul d be det ected in the haemoloymph (Fitches et al., 2001). GN A 
J was found to be potent carrier of peptides into haemolymph as it could cross 
S the gu t ep ithe lium w itho u t being d isin tegrated . In order to make the de livery 
"1 suc cessfu l, a fusion protein of GN A and Manse-AST was made and expressed in 
II Escherichia coli. Feeding of fus ion protein by the fifth-instar M. sexta larvae drast ically 
c	 affec ted the feed ing and weigh t gain . Fusion of GNA to Manse-AST pro tected 

from proteoly tic breakdown in the haem olymph and induced anlife edant effect 
which free allatosta tin could not exert. It was now observed that the fusion of 
neur opep tide to GNA could effectively release the peptide into the ha emolymph 
an d cause det rimental effect. Fusion protein cou ld be genetically engineered into 

e p lan ts and the bio-engine ered product w ould com bat pest invasion (Gade and 
e Goldworthy, 2003). 
s 
5	 10. Reproduction 
s Insect reprodu ction is we ll regul ated an d the ho rmones ecdys teroids and 
? juvenile h ormon e alo ng w ith neuropept ides con trol ad ult reprodu ction w ith 
3.	 grea t precision. Juveni le hormone and ovary maturating pa rsin regulate oocyt e 

ma turation in locusts. Pept ide hormone that reg ulates the exp ression of ser ine 
proteases, the key luminal proteases in insects, was identified (Borovsky et al., 
1993). These pep tides form the core techn ology upon wh ich Insect Biotechnolgy 

e	 Inc.. California is developing a variety of prod ucts. 
3. 

Digesti on of blood mea l by mosquitoes is very crucial for ovary maturation 
5 

and egg develop me nt. Gu t pro teases esp ecially trypsin-like serine proteases are 
5 

activated aft er the blo od meal an d are responsibl e for the digestion of bloo d. 
Oocyte s in mosquitoes are developed after the transport of free amino acid from 
in tes tine into the fat body leading to the biosynthes is of vitellogenin. Borovsky et 
al. (1993) identified a decapeptide synthesized from the mosquito ovary, 18-24 h 
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after the blood meal and termed it as Trypsin Mod ulating Oostatic factor (TMOF). 
Once TIvfOF is released into the haemolymph, there is complete stoppage of trypsin 
biosynthesis and no more egg maturation occurred. Injection of TMO F indicated 
inhibition of trypsin biosynthesis (translation), however, transcription of m Ri'\JA 
of trypsin is not affected (Borovsky et al., 1993). 

It was observed that TMOF w as not inactivated in the gut of mosquitoes and 
subsequently stopped trypsin biosynthesis and egg maturation, when fed . H igher 
dosages of TMOF @ 1 ng per larva absorbed on yeast and fed to wrigglers caused 
mortality of mosquitoes in laboratory. It was further proved that TMO F gene cou ld 
be fused with coat protein gene of tobacco m osaic virus at the restriction site for 
trypsin and this construct @140 pg inhibited proteases and killed mosquito w rigglers 
in a period of five days (Borovsky et al., 1998). Protease inhibitors through trypsin 
inhibition are a very important tool employed in pest management in a wide arr ay Bi 
of crops. Most of lepidopteran insects have protease activity in the mid gut and the 
key pest of coconut viz., red palm weevil w as also found to have trypsin-like protease 
for protein metabolism. In H. virescens, a factor closely associated with Aedae-TMOF 
was unraveled, which has an important role in biosynthesis of trypsin. Th is could 
be rea lity in coming years of advancement in science in pest management. 

Some of the insect ne ur opeptides have been discussed for a possible utiliza tion 
as one of the tools in pest management programme. Refinemen t is further required D 
for commercial exploitation especially aga inst major pests of our tropical zone . 
Insect neuropeptides isolated on the basis of potential inh ibitory control w ill F 
em erge as a likely antifeedant lead molecule. The d isruption of any step leading 
to biosynthesis of neuropeptides, their modifications during storage, their release 
into the haemolymph as w ell as thei r interaction with the tar get-cell membra ne­
bound recep tors offe r multiple modes of action for a no vel-neuropeptide based 

Fpest management programme. Indeed, not all biochemical mechanisms will be 
worth exploiting nor w ill all n europeptide be of equal importance with rega rd to 
pest contro l. Science has gone so deep that even evolu tionary relationship are be ing 
unraveled with the s tudy on neuropeptides in invertebrates and some of them 
are likely to be potential markers in the near fu tu re. Insect pest management is so 
dynamic and no one too l is likely to eliminate them and we have to learn to live G 
w ith insects, of course not allowing to cause economic damage to our livelihood . 
Such novel tools w ill be very useful in the long run. G 
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