Hormonalni systém

Vyvoj hmyzu a fizeni tvorby kutikuly — klasicky modelovy objekt pro studium
latkové signalizace
— kli¢ k ovlivnéni a regulaci Skudcu (?)

Caterpillar ligated during last larval instar

Ligated early Ligated late
during instar during instar

Only anterior haif pupated Both halves pupated

FIGURE 1.2 An experiment performed by Koped. When a caterpillar was ligated early during the
last larval instar, only the anterior half later pupated. However, when ligated late during the last larval
instar, both halves pupated. Adapted from Cymborowski (1992). Reprinted with permission,
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Hormonalni rizeni v kontextu vsech latkovych signalizaci
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Existuji dva typy endokrinnich systému.

A) Neuroendokrinni systém sestava z neurond, které jsou specializovany pro syntézu,
uskladnéni a sekreci velkych mnozstvi neurohormonu do krve. Terminaly axont pak ¢asto vytvari
specializované neurohemalni organy, odkud se hormony vylévaji do krve nebo jsou tu uskladnény
a na nervovy stimul uvolnény.
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Existuji dva typy endokrinnich systému.

B) Klasicky endokrinni systém sestava z ne-neuralnich bunék (Casto epitelialnich),
které vypoustéji hormony do krve. Tyto Zlazy nemaiji vlastni dopravni cesty nebo kanalky —
vyuzivaji toho, Ze cirkulace télesnych tekutin zanese jejich sekrety k cilovym organum. Klasické
endokrinni buriky jsou pfitomny jen u vySSich bezobratlych a u obratlovcu
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Neurosekretorické nervy mohou bud' tvorit obyCejné synaptické kontakty s bunkami, které
inervuji, anebo mohou uvolniovat své neurohormony v blizkosti cilovych bunék nebo tkani bez
vytvareni synaptického kontaktu. Treti moznost je, ze neurosekretorické nervy pfimo nebo
neurohemalni organy jako vypoustéci mista udrzuji celkovou hormonalni hladinu v téle a tak
globalné ovliviuji tkané celého organismu (po poradku tedy: transmitery, modulatory, hormony).
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Spoluprace nervové a hormonalni kontroly:.
Nervovy systém ma nastroje k monitorovani parametr okolniho i vnitiniho prostfedi (primarni
podnét proto vychazi z ného)
Bezobratli: Neurosekrece prevazuje
Jednodussi osy fizeni nez obratlovci.
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Obr. 14.3. Kaskady tidicich soustav. Nervovy systém obecn& (a) nebo neurcendokrinni systém
bezobratlych (b) wvyuzivaji Fidici smycku 1. Fadu - pfimy 0&inek na cilovy organ (efektor).
Smy&ky 1. Fadu jsou u obratlovch vzacné. Neurosekrece obratlovch zpravidla neovliviuje
pfimo cilovy organ, ale sekreci klasické endokrinni Zlazy. To je smy&ka 2. fadu, jaké jsou
p&%né u obratloved i bezobratlych (c). Smy&ky 3. FAdu nalézéme spi3e jen u obratlovech (d).
Posledni pfipad je pfimé ovlivné&ni endokrinni Zlazy bez ulasti neurchormonu (e).




Neurosekretorické buriky - spojovaci ¢lanek mezi NS a HS
Déelba prace mezi obéma systemy

Burnky v mozku

a ocni stopce Buriky v hypota-

lamu

Bunky v mozku

a) Korys b) Hmyz ¢) Obojzivelnik

Obr. 15.2. Srovnani ulohy neurosekrece v hormonalnim fizeni svlékani nebo pigmentace pokozky. Neurohormony z mozku jsou
vylévany v neurohemalnich organech - sinusové zlaze korysu (sz), kardialnich téliscich hmyzu (cc), adenohypofyze obojzivelnikt
(ah). Ridi pak aktivitu periferni endokrinni zlazy - Y-organ koryst (Y-o), prothorakalni zlazu hmyzu (pro) a stitnou zlazu (32) obojzi-
velnikl. Cilovou tkani je integument (int).



Category of neurosecretory structures
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INSECTS

Brain
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Effects: Somatotropic, Gonadotropic, Adrenocorticotropic,
Thyreotropic, Luteinisation, Prolactin.

Effects: Somatotropic, Gonadotropic, Prothoracicotropic,
Phagostimulating.

Fig. 10. Evolutionary links between the neuroendocrine systems of insects and humans. The homologous endocrine structures are
neurosecretory cells (NSC) in insect brains and the NSC in the mammalian hypothalamus: neurohaemal organs c. cardiaca in insects
and neurohypophysis, and endorine glands c. allata of insects and adenohypophysis in mammals (compiled from Scharrer & Scharrer,
1937, 1944: Hanstrom, 1939, 1953: and Novak, 1975).



Aktivita a u€innost hormont
nezavisi jen sekreci, ale i na
degradaci.
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FIGURE 1.4 Factors that affect the activity of hormones. Hormonal activity in the circulatory sys-
tem is regulated by its rate of synthesis by the endocrine glands, the rate of release into the blood, its
degradation in the blood, and the development of hormone receptors on target cells.




Ulohy pro endokrinni Fizeni:

Jednodussi bezobratli
Morfogenetické procesy: embryogeneze, rust, regenerace, funkce gonad

v o v

Vyvoj vajiCek, osmoregulace, srdeCni vykon, metabolismus, barvoména, chovani
(zasadni), determinace kast, pareni, reprodukce, diapauza

Nejprobadanéjsi u korySt a hmyzu: rist a tvorba kutikuly



Velky poc€et modifikovanych neuronll zvanych neurosekretorické buriky je roztrousen v
celém NS a jsou dominantni v fizeni vyvoje hmyzu. Funguiji jako spojovaci ¢lanek mezi
CNS, ktery monitoruje informace z vnéjsiho prostfedi a mezi endokrinnimi zZlazami,

jejichz sekrety fidi diferenciaci tkani.

Neurosekretorické buriky tedy uskutec€nuiji fidici komunikaci na dlouhou vzdalenost se
svymi cilovymi organy. Jsou v celém NS, ale nejvétSi seskupeni nachazime v pars
intercerebralis mozku.VétSina neurosekretorickych axont konci v corpora cardiaca

(kardialni teliska).

Neurohaemal control of molting in insects

Neurosecretory cells

Supraoesophageal
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Corpus cardiacum
Corpus allatum
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connective

Oesophagus

Suboesophageal
ganglion
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Neurosekretoricky systéem hmyzu

Tri hlavni skupiny
neurosekretorickych bunék
spojenych nervovymi drahami s
cc. CC je neurohemalni organ
pro sekreci. Embryonalné vznika
ze stomodealniho ektodermu
(prvni Cast travici trubice).

CA jsou klasické endokrinni zlazy
z ektodermalnich invaginaci u
kusadel.

Prothoracikalni zlaza je opét
klasickou endokrinni zlazou —
bez neuralni spojky.
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Neurosekretorické bunky jsou v nervovém systému hmyzu vsudypritomne.
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Neurohemalni mista NS
Svaba

Kardialni téliska - CC
Prilehla téliska - CA
Subesophagealni g.
G. nervové pasky
Periferni nervy

Fig. 1 Major neurohaemal release sites of the central nervous
system of a cockroach. A similar framework is found in other in-
sects. Please note that other release sites along nerves exist which
have not yet been biochemically characterized (Raabe 1989;
Helle et al. 199‘5) CC/CA C‘orpora cardiaca/allata; NCC/NCA
nervus corporis cardiaci/corporis allati; SOG suboesophageal gan-
glion; T1, T2, T3 thoracic ganglia; AI—I 1 abdominal ganglia




Central Nervous System
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Hormony a rizeni svlekani hmyzu — klasicky model.
Bioassay — ligaturovana larva. KopeC — 1917, sir Wiglessworth - 1934
Rozhoduje cas

Lymantrladlspar g
bekyné velkohlavd-igated early Ligated late
during instar during instar

Only anterior half pupated Both halves pupated

FIGURE 1.2 An experiment performed by Koped. When a caterpillar was ligated early during the
last larval instar, only the anterior half later pupated. However, when ligated late during the last larval
instar, both halves pupated. Adapted from Cymborowski (1992). Reprinted with permission.



Ligaturovanim larvy mury Lymantria dispar Kopec ukazal, Ze se normalné zakukli bud obé poloviny
téla nebo se zakukli jen pfedni polovina téla a zadni zlistava nezménéna jako permanentni larva.
Pro to, ktera z téchto moznosti nastane, byl rozhodujici vék larvy, kdy byla ligatura provedena.
Kdyz byla larva zavazana tésne pred kuklenim, zakuklila se cela. Kopec dale ukazal, ze je to
mozek, ktery je odpovédny za kukleni. Zvifata zbavena hlavy pred hlavovym kritickym obdobim
vytvarela permanentni larvy. Extrakt z mozku injikovany do permanentnich larev ale u nich
indukoval kukleni stejné jako hemolymfa ziskana z larev po hlavové kritickém obdobi.

Tedy: néjaky faktor vznikajici v mozku je odpovédny za svilékani (nebo kukleni) u hmyzu. Tento
faktor nebo hormon ov8em neni sam schopen svilékani vyvolat, protoze implantace samotného
mozku do izolovaného zadecCku sviékani nevyvolala. Mozkovy hormon tedy pouze aktivoval jinou
Zlazu v hrudi (prothorakalni viz dale), ktera pak bezprostfedné vyvolava vyliti svliékaciho hormonu.

Jak se Casto stava, Kopecovy experimenty byly ignorovany a prehlizeny. Byly znovuobjeveny
v roce 1934 Sirem Vincentem Wigglesworthem a jinymi, ktefi si vSimli jejich dulezitosti.

Wigglesworth, doktor mediciny pracujici v Londynské Skole hygieny a tropické mediciny pouzil ke
svym experimentim jihoamerickou plostici Rhodnius prolixus a demonstroval stejné jako Kopec
hlavovou kritickou periodu. Vyhoda prace s plosticemi byla v tom, Ze vyvoj je u nich zastaven i na
dlouhé mésice az do okamziku kdy se ploStice poradné nasaje krve.



‘ . Decapitation
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FIGURE 1.3 Wigglesworth’s decapitation experiments using Rhodnius larvae. When fourth instar
larvae were blood fed and decapitated within 4 days, they failed to molt. When they were decapitated
after 5 days, the body still molted even though the head was not attached at the time.



Bioassay — ligaturovana larva

Injikace homogenatu z hlavy (mozku) do permanentné larvalniho zadecCku
Rozhoduje mozek, ale jeho implantace do zadeCku nestaci. Musi byt jeSté dalSi
faktor v hrudi.

Ligation of larva
before critical period

Injection of molting hormone
Into posterior compartment

Only anterior compartment
pupated after ligation

Both compartments
pupated after ligation



Kutikula jako model hormonalniho fizeni fenotypu (genové exprese)

sir Vincent B. Wigglesworth



Neurosekretorické bb.
a jejich vliv na

prothorakalni zlazu.

Neurohaemal control of molting in insects
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Prothorakalni zlaza — 1940 u B. mori, vchlipenina
ektodremu 2. Cl., ve spojeni se slinnymi zlazami

Prstencovita zZlaza u vysSich dipter spojujici
prothorakalni zlazu CC a CA.

Corpus allatum

Prothoracic
gland

Corpus cardiacum /

doi: 10.1242/dev.020685
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Prothoracicotropni hormon (PTTH)

Prvni objeveny hmyzi hormon

PTTH pUsobi na prothorakalni zlazu (PGs) a ridi syntézu
ekdysteroidu

Williams (1940s - 1950s) demonstroval vztah PTTH and PGs.
o |Implantace jak PGs tak mozku do permanentni larvy

Bollenbacher (1979) vyvinul priméjsi test na PTTH — in vitro
assay.



Rizeni sekrece PTTH a jeho Gcinky

= Sekreci PTTH ridi:

o environmentalni podnéty jako fotoperioda nebo teplota
o Nervové stimuly napf. z receptorll mechanického napéti

= Uginek
= ERK signalni draha



PTTH
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Axonovym transportem do CC
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FIGURE 1.14. The amino acid structure of PTTH. Only one of the two identical chains in the
homodimer is shown. From MNagata et al. (2005). Reeprinted with permission.

http://www.cals.ncsu.edu/course/ent425/tutorial/endocrine.htmi
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TABLE 14.6 Major hormones and neurohormones that control insect metamorphosis

Hormone

Type of
molecule

Type of signal

Site of
secretion

Major target
tissue

Action

Prothoracicotropic
hormone (PTTH)

Protein (~5000
molecular
weight)

Neuroendocrine

Brain, with axon

terminals extending

to corpora allata

Prothoracic
glands

Initiates molting (ecdysis) by
stimulating release of ecdysone
from prothoracic glands

7 Ecdysone (molting
hormone)

Juvenile hormone
(JH)

Eclosion hormone
(EH)

Pre-ecdysis triggering
hormone (PETH)

Ecdysis triggering
hormone (ETH)

Bursicon

Steroid

Terpene (fatty-
acid derivative)

Peptide

Peptide

Peptide

Large protein
(~35,000 mole-
cular weight)

Endocrine

Endocrine

Neuroendocrine

Endocrine

Endocrine

Neuroendocrine

Prothoracic glands
in larva/nymph;
ovary in adult

Corpora allata

Brain

Inka cells of
tracheae

Inka cells of
tracheae

Brain and
nerve cord

Epidermis in
larva/nymph;
fat body in adult

Epidermis in larva/
nymph; ovary
in adult

Inka cells, possibly
others

Neuronal circuits
in brain

Neuronal circuits
in brain

Cuticle and
epidermis

When activated to 20-hydroxyec-
dysone, promotes cellular
mechanisms to digest old
cuticle and synthesize new
one; stimulates production
of yolk proteins in adult

Opposes formation of adult
structures and promotes
formation of larval/nymphal
structures; functions as a
gonadotropin in the adult

Promotes PETH and ETH secretion
from Inka cells

Coordinates motor programs to
prepare for shedding the cuticle

Coordinates final motor programs
for escaping from old cuticle

Tans and hardens new cuticle

Sources: After Randall, Burggren, and French 2002; and Zitian et al. 2003.




Produkce ekdysteroidt
In vitro assay

Matched prothoracic glands
cultured in vitro

= =

Potential source of
PTTH added to
culture medium

= =

Relative amounts of ecdysteroid
compared in the two cultures

Control with
no PTTH source

FIGURE 1.13. An assay for PTTH developed by Bollenbacher et al. (1979). A pair of matched
prothoracic glands are removed from the insect and placed in culture. If PTTH is added to the
culture, the glands produce increased amounts of ecdysteroids into the medium.

P.z. odpovida na PTTH syntézou ekdysonu z prekurzorovych steroidl
Signalni draha (cCAMP) spusti transformaci cholesterolu na ekdyson. Ten je az v
perifernich tkanich konvertovan na aktivni 20-hydroxyekdyson

Polarni hormon - Ucinek
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Ecdysone
secretion

A conceptional presentation of the signaling network involved in PTTH-stimulated ecdysteroido-
Jenesis in prothoracic gland cells, involving reactive oxygen species, calcium ions, and a num-
der of proteins. PTTH, prothoracicotropic hormone; torso, receptor protein for PTTH; Ras, Ras
GTP-binding protein; ERK, extracellular signal-regulated kinase; cAMP, cyclic adenosine mono-
chosphate; PI3K, phosphatidylinositol 3-kinase; TOR, target of rapamycin; 4E-BP, elF4E-binding
orotein; S6K, p70 ribosomal protein S6 kinase; AMPK, adenosine 5/-monophosphate-activated
orotein kinase. (From Hsieh, Y.-C. et al., J. Insect Physiol., 63, 32, 2014. With permission.)
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Syntéza ekdysteroidtl z cholesterolu a aktivace v periferni tkani u motyla
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TABLE 14.6 Major hormones and neurohormones that control insect metamorphosis

E}lormone

Type of
molecule

Type of signal

Site of
secretion

Major target
tissue

Action

| Prothoracicotropic
hormone (PTTH)

Protein (~5000
molecular
weight)

Neuroendocrine

Brain, with axon

terminals extending

to corpora allata

Prothoracic
glands

Initiates molting (ecdysis) by
stimulating release of ecdysone
from prothoracic glands

Ecdysone (molting
hormone)

Steroid

Endocrine

Prothoracic glands
in larva/nymph;
ovary in adult

Epidermis in
larva/nymph;
fat body in adult

When activated to 20-hydroxyec-
dysone, promotes cellular
mechanisms to digest old
cuticle and synthesize new
one; stimulates production
of yolk proteins in adult

Juvenile hormone
(JH)

Eclosion hormone
(EH)

Pre-ecdysis triggering
hormone (PETH)

Ecdysis triggering
hormone (ETH)

Bursicon

Terpene (fatty-
acid derivative)

Peptide

Peptide

Peptide

Large protein
(~35,000 mole-
cular weight)

Endocrine

Neuroendocrine

Endocrine

Endocrine

Neuroendocrine

Corpora allata

Brain

Inka cells of
tracheae

Inka cells of
tracheae

Brain and
nerve cord

Epidermis in larva/
nymph; ovary
in adult

Inka cells, possibly
others

Neuronal circuits
in brain

Neuronal circuits
in brain

Cuticle and
epidermis

Opposes formation of adult
structures and promotes
formation of larval/nymphal
structures; functions as a
gonadotropin in the adult

Promotes PETH and ETH secretion
from Inka cells

Coordinates motor programs to
prepare for shedding the cuticle

Coordinates final motor programs
for escaping from old cuticle

Tans and hardens new cuticle

Sources: After Randall, Burggren, and French 2002; and Zitian et al. 2003.




Uéinky ekdysonu

Aktivace stovek genu pod vlivem

ecdysteroidu.

In vivo assay, polyténni chromozomy

slinnych zlaz

Oblacky v misté exprese.

Figure 2 | Heat-shock-induced puffing at major heat shock loci 87A and C.
Displayed is a small segment of fixed chromosome 3 before (top) and after
(bottom) heat shock. Chromosomes are stained for DNA (Hoeschst dye;
blue) and for Pol II (green)*. HS, heat shock.
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Ekdyson je podobné jako juvenoidy lipofilni hormon, takZe pronika bunéfnou membranou,
vaze se na receptor az v jadie a aktivuje transkripci a expresi gend.

Ho

EDYSTEROWY |

WO 1 Nepolarni hormon - u€inek
o

Ecdysteroidni receptor ECR : je to ligandem aktivovany transkrip¢ni faktor v jadire hmyzich
bunék.

Ma typickou strukturu obsahujici N-konec, DNA vazici C doménu, hinge oblast, ligand vazici
doménu a terminalni C-konec.

EcR je nekovalentni heterodimer dvou proteinl. ECR protein a ultraspiracle protein (USP). Rodina
hmyzich jadernych hormonu jsou ortology savcich farnesoid X receptor (FXR) and retinoid X
receptor (RXR) proteind.

Ligand vazici kapsa EcCR je flexibilni a adaptabilni. To nabizi praktické aplikace v mediciné a
zemédélstvi. Geny pro ligandy vnesené do rostlin by mohly slouzit k jejich ochrané pfi tvorbé
terapeutickych proteinti. Rada z nich jsou schvalené a bezpeéné insekticidy.
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Jak ucinkuiji ekdysteroidy na burniku

Cell
Chemistry
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Reakce polyténnich chromozomu slouzi jako model k porozuméni odpovédi epidermalnich
a dalSich bunék na svilékaci hormon. Fakt, Ze nékteré oblacky na riznych mistech
chromozomu se vyskytuji jen po urcitou dobu pusobeni MH a Ze dokonce pozdéji je vyskyt
oblacku blokovan pokradujici pfitomnosti MH, naznacuje, Zze pouze ¢asové omezené pulzy
a tedy velmi aktivni metabolizovani uvoliovaného hormonu jsou nezbytné pro spravny
prubéh svlékani. Nékteré z postupnych krokl probihajicich pfi sviékani se zdaji byt
odstartovavany pravé padem ekdysteroidoveého titru. Jeho role se tedy zda byt spiSe jako
koordinatora vyvojovych krokda.

Ekdysteroidy produkované PTZ fidi jak apolyzu, tak i ekdysi. Stimuluji také konverzi tyrozinu
na chinony, a tak i sklerotizaci.

Hmyzi Ek. Maji vice OH skupin, jsou polarni a nepotiebuji pfenasece jako savci steroidy.
Hmyz nedokaze syntetizovat cholesterol — esencialni sloZzka potravy.

Ekdysteroidy jsou i tkanové faktory produkované rostoucimi organy — k synchronizaci tkani —
housenka lezici na studeném kameni by se nevyvijela vSude rovhomérné — nékteré tkané

museji poCkat na jiné.

Ekdysteroidy maiji funkce i u imag: stimuluji tukové téleso, které ma podobnou funkci jako jatra
obratlovcu, k produkci zZloutkovych bilkovin, které jsou pak transportovany do ovarii.
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Fig. 15.30. Changes in hormone titers regulating molting and metamorphosis in a holometabolous insect. At the molt from
larva to larva, juvenile hormone is present during the critical period; at the molt from larva to pupa, no juvenile hormone is
present at the first critical period. The second critical period of sensitivity to juvenile hormone in the fifth stage larva
regulates development of the imaginal discs. Eclosion hormone and bursicon are produced for a brief period before and
after each ecdysis (based on data for Manduca, Lepidoptera).

RIA, chromatografie. Vysoky titr — nova kutikula, mensi pfedchazejici — apolyza. Typické jen

pro I-p sviékani
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FIGURE 2.19 The correlation of hormone levels with developmental events. (Top) Ecdysteroids.
(Bottom) Juvenile hormone IIl. Reprinted with permission from Riddiford, L.M. (1993). The
Development of Drosophila melanogaster, Volume 2, pp. 899-939. Copyright Cold Spring Harbor Press.



Juvenilni hormon

Je produkovan pouze endokrinni Zlazou Corpora allata (CA) a neni zdaleka tak kontroverzni
jako MH. Pokud je znamo, vSechen hmyz ma CA a jen CA jsou zdrojem JH. Na druhou stranu
JH je mnohem obtiznéji pfistupny ke studiu, protoZze je lipofilni, ma tendenci hydrolyzovat
a meénit strukturu v kyselém, zasaditém prostfedi nebo v pfitomnosti nékterych iontd a navic
svou tendenci vazat se na sklo a plast. Tyto vlastnosti vyzaduji mimoradnou opatrnost pfi

experimentalnim zachazeni.

Chemicky je JH ester, terpenoid. Je také epoxydem, coz je biochemii dosti vzacna véc.

Epoxyd je patrné formovan epoxidazovym enzymem v CA.

R R

\
OAW/\/ o0y

Brain
PTTH neuro-

secretory cells
have cell bodies |
in the brain...

Corpus
cardiacum

§
...and axon terminals
in the corpora allata.
The corpora allata ,:'::'5'.. QOED — Corpus
also contain NG, Vg
nonneural endocrine
cells that secrete JH.

Prothoracic
gland

\

| Tl
Juvenile

hormone Ecdysone

The prothoracic |
gland secretes
ecdysone.

Je transportovan ve vazbé na transportni proteiny, které jej i chrani pfed degradaci
esterazami. Titr v hemolymfé je urCovan: velikosti syntézy JH a jeho uvolfiovani do
hemolymfy, aktivitou degrada¢nich enzymu, mnozstvim transportnich proteina.



The Location and Structure of the Corpus Allatum

Brain Brain
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7/h cardiaca
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Brain
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cardiacum Corpus

allatum A. A mosquito

B. Acockroach
C. Ahemipteran
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FIGURE 1.28. Some of the major juvenile hormones that have been identified in insects.



TABLE 14.6 Major hormones and neurohormones that control insect metamorphosis

E}lormone

Type of
molecule

Type of signal

Site of
secretion

Major target
tissue

Action

| Prothoracicotropic
hormone (PTTH)

Ecdysone (molting
hormone)

Protein (~5000
molecular
weight)

Steroid

Neuroendocrine

Endocrine

Brain, with axon

terminals extending

to corpora allata

Prothoracic glands
in larva/nymph;
ovary in adult

Prothoracic
glands

Epidermis in
larva/nymph;
fat body in adult

Initiates molting (ecdysis) by
stimulating release of ecdysone
from prothoracic glands

When activated to 20-hydroxyec-
dysone, promotes cellular
mechanisms to digest old
cuticle and synthesize new
one; stimulates production
of yolk proteins in adult

Juvenile hormone
(JH)

Terpene (fatty-
acid derivative)

Endocrine

Corpora allata

Epidermis in larva/
nymph; ovary
in adult

Opposes formation of adult
structures and promotes
formation of larval/nymphal
structures; functions as a
gonadotropin in the adult

Eclosion hormone
(EH)

Pre-ecdysis triggering

hormone (PETH)

Ecdysis triggering
hormone (ETH)

Bursicon

Peptide

Peptide

Peptide

Large protein
(~35,000 mole-
cular weight)

Neuroendocrine

Endocrine

Endocrine

Neuroendocrine

Brain

Inka cells of
tracheae

Inka cells of
tracheae

Brain and
nerve cord

Inka cells, possibly
others

Neuronal circuits
in brain

Neuronal circuits
in brain

Cuticle and
epidermis

Promotes PETH and ETH secretion
from Inka cells

Coordinates motor programs to
prepare for shedding the cuticle

Coordinates final motor programs
for escaping from old cuticle

Tans and hardens new cuticle

Sources: After Randall, Burggren, and French 2002; and Zitian et al. 2003.




Ecdysteroid

JH
Cutlcle

Epldermal ceII Epndermal cell
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Same cuticle Next developmental
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Kritické periody JH — pfi svlékani I-l, JH je pfitomen, Pfi sviékani I-k, v prvni k.p. neni JH
pfitomen. Druha k.p. fidi vyvoj imaginalnich diskd.



Mozek fidi produkci JH prostfednictvim nervové regulace a tropnich neurohormond.
Zpétnovazebna kontrola JH a z ovarii také existuiji.

Neural Neurohormonal
control control
Allatotropins
/ Allatostatins
+/- + Allatinhibins
: -
JH

FIGURE 1.27 A summary of the ways that the corpus allatum can be regulated. The brain can
stimulate or inhibit juvenile hormone synthesis by nervous or neurohormonal signals. The allatotropins
stimulate JH synthesis; the allatostatins and allatinhibins inhibit it. There is some evidence for feedback
regulation by circulating JH, and also stimulation by the ovaries.



JH pusobi pfimo na epidermalni buriky. Cilové tkané jsou citlivé jen v uréitych ¢asovych
oknech




JH a juvenoidy
Zabranuje imaginalni metamorféze a vyvolavaji nadpocetné larvalni stadium.

Z pohledu zajmu ¢lovéka bohuzel neni mozné pfili§ doufat v uspésnost boje proti hmyzu
prekoceny a dalSimi latkami, protoZe jejich pusobeni je velmi rizné u rdznych hmyzich
skupin a na nékteré druhy nepusobi vibec. ObtiZzné nadasovani a rozpad v pfFirodé.
Juvenoidy jsou v podstaté ucinnéjSi nez samotny JH, protoZe jsou vysoce druhoveé
specifické. Do téla se dostavaji velice snadno - kutikulou do hemolymfy. Na rozdil od
vlastniho JH juvenoidy pfi svlékacim procesu zpusobuji poruchy, napf. hmyz neni zcela
schopen odvrhnout svleCku - exuvii, coz vyvola smrt, dale ovliviuji i embrya v samicich.
Siroka aplikace juvenoidd v8ak neni mozna, protoZe se v pfirodé rychle rozkladaji a dale
musi byt aplikovany jen v urCitém obdobi vyvoje. Pouziva se jich proti bavinikovym plosticim
napadajicim lesy, ovocné stromy, obili. Nejvétsi uplatnéni nasly juvenoidy v boji proti
skladistnim Skudcum (ve skladech jsou stalé podminky).

Jeho sekrece z CA ma dvé hlavni ulohy: fizeni metamorfézy a regulaci vyvoje reprodukcénich
organu. JH fidi stupen a smér diferenciace u kazdého svlékani.

V jadfe se navazuje na receptor MET, transkrip¢ni faktor, ktery aktivuje — JH/MET signalni
draha.



Je nazyvan ,juvenilni, ale neni omezen jen na juvenilni stadia vyvoje. Ridi embryogenezi,

VYVO, FEREMEPEHe hormonal control of reproductive maturation in the female mosquito.
U dospélcu stimuluje vitelogenezi, spermatogenezi, produkci feromonu pfi pareni,

metabolismus, diapauzu, migraci, délbu prace u spole¢enskych druhd.
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Eklozni hormon - EH

Truman, Nastaveni ¢asu lihnuti.
Kfizova implantace mozkové tkané prehodila ¢asy lihnuti.

Implantovana mozkova tkan v experimentu determinuje kdy ma eklose zacit, zpusob provedeni je

fizen hosticim télem samym. Injikujeme-li ji stoupajicimi davkami EH, eklose se posouva o 24 nebo
0 48 hodin, ale probiha ve stejnou denni dobu.

Hyalophora cecropia
Ekloze rano

Antherea pernyi
Ekloze vecCer
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Tésné pred eklozi hladiny ekdysteroidl klesaji a z CC je uvolnén EH aby spustil eklozni chovani a
asi i vyliti cementovych substanci z Versonovych zlaz.

Pad ECD je nezbytny pro uvolnéni EH a nastup citlivosti tkani.

Ekdyse ma tfi faze: pfipravna faze (vybér mista pro svlékani, pohyby vedouci k odtrzeni nové
kutikuly od staré). Ekdysialni faze (stereotypni pohyby vedouci k prasknuti a odhozeni exuvie.
Nakonec postekdysialni perioda (kutikularni expanze, sklerotizace a melanizace). Dokonala

souhra nervosvalovych a biochemickych pochodu je tu podminéna prfesné naasovanym
vylévanim pfislusnych hormond.



Epitrachealni zlazy

-

I |
ljuvenﬂe

hormone Ecd\'sone

gland secretes
ecdysone.

The prothoracic

The tracheae are branched tubes
that extend from openings called
spiracles in the body wall.

Trachea
Inka cell

Spiracle

Inka cells, located on
the tracheae, secrete
PETH and ETH.

?

Truman pouzival izolovanou brisni
nervovou pasku Manduca sexta. Systém
fungoval, pokud ovSem nebyl narusen
trachealni systém. To ukazalo na
pritomnost dalSich fidicich mist (Inka cells
- Epitrachealni zlazy). Vedlo k objevu
dalSich etotropnich hormonu.



TABLE 14.6 Major hormones and neurohormones that control insect metamorphosis

E}lormone

Type of
molecule

Type of signal

Site of
secretion

Major target
tissue

Action

| Prothoracicotropic
hormone (PTTH)

Ecdysone (molting
hormone)

Juvenile hormone
(JH)

Protein (~5000
molecular
weight)

Steroid

Terpene (fatty-
acid derivative)

Neuroendocrine

Endocrine

Endocrine

Brain, with axon

terminals extending

to corpora allata

Prothoracic glands
in larva/nymph;
ovary in adult

Corpora allata

Prothoracic
glands

Epidermis in
larva/nymph;
fat body in adult

Epidermis in larva/
nymph; ovary
in adult

Initiates molting (ecdysis) by
stimulating release of ecdysone
from prothoracic glands

When activated to 20-hydroxyec-
dysone, promotes cellular
mechanisms to digest old
cuticle and synthesize new
one; stimulates production
of yolk proteins in adult

Opposes formation of adult
structures and promotes
formation of larval/nymphal
structures; functions as a
gonadotropin in the adult

Eclosion hormone Peptide Neuroendocrine Brain Inka cells, possibly Promotes PETH and ETH secretion
(EH) others from Inka cells

Pre-ecdysis triggering ~ Peptide Endocrine Inka cells of Neuronal circuits Coordinates motor programs to
hormone (PETH) tracheae in brain prepare for shedding the cuticle

Ecdysis triggering Peptide Endocrine Inka cells of Neuronal circuits Coordinates final motor programs
hormone (ETH) tracheae in brain for escaping from old cuticle

Bursicon Large protein Neuroendocrine Brain and Cuticle and Tans and hardens new cuticle

(~35,000 mole- nerve cord epidermis

cular weight)

Sources: After Randall, Burggren, and French 2002; and Zitian et al. 2003.




TABLE 14.6 Major hormones and neurohormones that control insect metamorphosis

E}lormone

Type of
molecule

Type of signal

Site of
secretion

Major target
tissue

Action

| Prothoracicotropic
hormone (PTTH)

Ecdysone (molting
hormone)

Juvenile hormone
(JH)

Protein (~5000
molecular
weight)

Steroid

Terpene (fatty-
acid derivative)

Neuroendocrine

Endocrine

Endocrine

Brain, with axon

terminals extending

to corpora allata

Prothoracic glands
in larva/nymph;
ovary in adult

Corpora allata

Prothoracic
glands

Epidermis in
larva/nymph;
fat body in adult

Epidermis in larva/
nymph; ovary
in adult

Initiates molting (ecdysis) by
stimulating release of ecdysone
from prothoracic glands

When activated to 20-hydroxyec-
dysone, promotes cellular
mechanisms to digest old
cuticle and synthesize new
one; stimulates production
of yolk proteins in adult

Opposes formation of adult
structures and promotes
formation of larval/nymphal
structures; functions as a
gonadotropin in the adult

Eclosion hormone Peptide Neuroendocrine Brain Inka cells, possibly Promotes PETH and ETH secretion
(EH) others from Inka cells

Pre-ecdysis triggering ~ Peptide Endocrine Inka cells of Neuronal circuits Coordinates motor programs to
hormone (PETH) tracheae in brain prepare for shedding the cuticle

Ecdysis triggering Peptide Endocrine Inka cells of Neuronal circuits Coordinates final motor programs
hormone (ETH) tracheae in brain for escaping from old cuticle

Bursicon Large protein Neuroendocrine Brain and Cuticle and Tans and hardens new cuticle

(~35,000 mole- nerve cord epidermis

cular weight)

Sources: After Randall, Burggren, and French 2002; and Zitian et al. 2003.




Pozitivni zpétna vazba zajistujici rychlé odvrzeni kutikuly. EH stimuluje Inka cels - Epitrachealni

zlazy. Ty produkuji ETH a PETH, které pusobi na zadeCkova ganglia a fidi chovani, ale i stimuluji
dalSi produkci EH z mozku. Zpétnovazebny systém akcelerujici sviékani.

3 EH acts on epitracheal
: — 4 Mas-ETH stimulation of the glands to tigger Mas-ETH
1 Decline of ecdysteroids q o tri ; release; Mas-ETH then acts
. ; A VM cells triggers major ; )

triggers increased activity central release of EH on the terminal abdominal
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Tirne=

2 & small amount
of EH is releasad
peripherally as a
result of increased
WA cell activity,
FProposed model for the imeractions of EH and Mas-ETH and their roles in tiggering pre-ecdysis and ecdysis behaviors (see text for details ).
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Bursicon, vytvrzovaci hormon

Reguluje syntézu fenoloxidazovych enzymu podobné jako steroidy.
Fenoloxidazova kaskada
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Fraenkel, 60.léta

Ptilinum mouchy Tsetse (Glossina morsitans morsitans)

Mlada moucha dosud s mékkou kutikulou se prodira k povrchu pomoci ptilina.
Teprve az kdyZz receptory na hlavé nehlasi prekazky, miaze se spustit
sklerotizace — ukol pro hormonalni signal bursikonu.




TABLE 14.6 Major hormones and neurohormones that control insect metamorphosis

‘Hormone

Type of
molecule

Type of signal

Site of
secretion

Major target
tissue

Action

Prothoracicotropic
hormone (PTTH)

| Ecdysone (molting
[ hormone)

Juvenile hormone
(JH)

Protein (~5000
molecular
weight)

Steroid

Terpene (fatty-
acid derivative)

Neuroendocrine

Endocrine

Endocrine

Brain, with axon

terminals extending

to corpora allata

Prothoracic glands
in larva/nymph;
ovary in adult

Corpora allata

Prothoracic
glands

Epidermis in
larva/nymph;
fat body in adult

Epidermis in larva/
nymph; ovary
in adult

Initiates molting (ecdysis) by
stimulating release of ecdysone
from prothoracic glands

When activated to 20-hydroxyec-
dysone, promotes cellular
mechanisms to digest old
cuticle and synthesize new
one; stimulates production
of yolk proteins in adult

Opposes formation of adult
structures and promotes
formation of larval/nymphal
structures; functions as a
gonadotropin in the adult

Eclosion hormone Peptide Neuroendocrine Brain Inka cells, possibly Promotes PETH and ETH secretion
(EH) others from Inka cells

Pre-ecdysis triggering ~ Peptide Endocrine Inka cells of Neuronal circuits Coordinates motor programs to
hormone (PETH) tracheae in brain prepare for shedding the cuticle

Ecdysis triggering Peptide Endocrine Inka cells of Neuronal circuits Coordinates final motor programs
hormone (ETH) tracheae in brain for escaping from old cuticle

Bursicon Large protein Neuroendocrine Brain and Cuticle and Tans and hardens new cuticle

(~35,000 mole- nerve cord epidermis

cular weight)

Sources: After Randall, Burggren, and French 2002; and Zitian et al. 2003.
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Bursikon je sekretovan ze segmentalnich perivisceranich organt spojenych s abdominalnimi
ganglii asi jednu nebo dvé hodiny po uvolnéni EH.

Head
Thorax
Abdomen

Rhodnius
prolixus

<>

€32 CH or PAF +

Peripla » phloxine +

riplaneta : )

americana Locusta CH + phl_oxme +
migratoria - @Qzocarmine +

Dva dalSi kardioaktivni peptidy usnadnuji proud hemolymfy do kfidel.



Jan Zd'arek:

DalSi synchronizaéni neuropeptidy:

1. Imobiliza¢ni faktor PIF. Pokud injikujeme
hemolymfu z oranzového stadia do larvy
mladsi, larva se predCasné prestane
pohybovat.

2. ARF anterior retraction factor, které lze
izolovat z larev vstupujicich do puparizace.
Je-li pak injikovan do larev v dobé pred
stadiem Cerveného spirakula, tento faktor
vyvola pred€asnou retrakci ustniho ustroji
a hlavy.

3. PTF puparium tanning faktor urychluje
vytvrzovani zadni ¢asti téla. Pfedni a zadni
¢ast téla tvrdne rlznou rychlosti. Je-li larva
ligaturovana na zaCatku puparizace, vytvrdi
se pouze hlava, zadecCek si ponecha larvalni
tvar a bilou barvu. Injekce hemolymfy z
normalné vytvrzené larvy do zadecCku s
permanentni larvalni kutikulou vede k jeho
vytvrzeni.

Bursikon tedy podobné jako PTF a
ekdysteroidy fidi FO kaskadu.




Hormony a
metabolismus

Pi‘ehled hmyzich hormoni

1. Ekdysteroidy
- ekdyson, 20-hydroxyekdyson (20-E), makisteron A (=24-metyl-20E),
2-deoxyekdyson, 26-hydroxyekdyson a dalsi

2, Juvenilni hormony

JH-1, JH-II, JH-IIL, JH-0, 4-metyl-JH-I, kyselina juvenilniho hormonu

3, Peptidické neurohormony
1. Hormony Fidici metabolismus a homeostizu

1. Adipokinetické hormony (AKH) a hypertrehalosemické hormony
2. Diuretické hormony
3. Antidiuretické hormony
4. Chloride transport stimulating hormone a ion transport peptide
I1. Hormony Fidici metamorfézu, vyvoj a rist
. Prothoracikotropni hormon (PTTH) a bombyxin
. prothoracikostaticky hormon (PTSH)
. Allatostatiny a allatotropin
. PBAN [, II, III (pheromone biosynthesis activating neuropeptide)
. Eklozni hormon a ecdysis triggering hormone (ETH)
. Burzikon
. Faktory regulujici puparizaci much
. Diapauzni hormon
I11. Hormony fidici pohlavni funkce
1. stimulaéni gonadotropni neurohormony (gonadotropiny):
- ovary maturing parsin (OMP)
- egg development neurohormone (EDNH) (=ovarian
ecdysteroidogenic factor)
2. inhibiéni neurohormony (antigonadotropiny, folikulostatiny):
- neuroparsin
- oostatické hormony a TMOF (trypsin-modulating oostatic factor)
V1. Hormony modifikujici svalovou kontrakcei (myotropni peptidy)
1. Proctolin
2. Kardiostimulaéni hormony - crustacean cardioactive peptide (CCAP)
3. Skupiny myotropnich neurohormont - myokininy, sulfakininy, pyrokiny-
ny, tachykininy, myoinhibiéni peptidy, periviscerokininy, FMRF-amid
V. Hormony fidici barvoménu (chromatotropiny)
1. PDF - pigment dispersing factor
2. MRCH - melanization and reddish coloratig hormone (identicky s PBAN)
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AKH - adipokineticky hormon

Mobilizace lipidu pro dlouhy let sarance.
Tvorba transportni podoby lipidd a zasobeni svall z
tukového telesa
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AKH - adipokineticky hormon

Béhem asi 15 minut je z CC na
nervovy stimul produkovan a
uvolhovan. Tato zména je
spojena se stonasobnym
zvySenim oxidace zivin
potfebnych pro ziskani energie
pro dlouhodoby let. Vysoka
hladina lipidU inhibuje
uvolnovani AKH a nizka hladina
trehaldzy stimuluje.

Svaly se v pfitomnosti AKH
prepinaji ze sacharidového
metabolismu na lipidovy. AKH
ma vedlejSi efekt, je také
kardioakceleratorem.

Antagonista je inzulin-like
hormon, zvySuje zasobni TG
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Proctolin

Prvnim hmyzim identifikovanym neuropeptidem byl proctolin. Prvni zpravy o ném jsou
z poloviny 70tych let. Proktolin je produkovan a vyluCovan terminalnim zadeCkovym
gangliem, mozkem a perifernimi nervy. Ovliviuje aktivitu visceralnich svalu —srdce,
stfeva, recta, ale také skeletalnich svalu. Byva popisovan jako transmitter nebo

neuromodulator.



Octopamin

Siroce pouzivan hmyzem, korysi i pavouky pfi chovani naroéném na energii (flying, egg-laying,
and jumping).

Hladina octopaminu u sarance vzrasta z 0,3 na 1,7 nM béhem prvnich 5 minut letu.
Neurosekretorické neparové DUM (dorsal unpaired median) bunky u svalu nohy sarancete
produkuji oktopamin a uvolfiuji jej v blizkosti svalu, ktery reaguje znasobenim svého napéti.
Uvoliovani oktopaminu je zfejmé rozSifeno i na mnohé dalSi hmyzi organy pfiCemz se uvazuje o
tom, Ze hraje podobnou roli jako noradrenalin u obratlovcu - nastavuje organismus na maximalni
metabolickou aktivitu svalu.

OH

NH
HO 2



Hladové larvy drosophil se pohybuji rychleji a hledaji potravu. Hlad
zvysSuje hladinu oktopaminu. Ten stimuluje motorické synapse.

Koon et al. provide evidence that in
starving Drosophila octopamine,
released by modulatory neuromuscular
terminals, triggers a locomotive search
behavior.

Octopamine, originally discovered in
the octopus, is the fly’s stand-in for
noradrenaline.

Notably, secreted octopamine boosts
both the modulatory terminals
themselves as well as neighboring
excitatory neuromuscular terminals.

These findings illustrate local
mechanisms of aminergic signaling in
control of synaptic plasticity.
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Figure 1 Octopamine and starvation behavior. (a) Interaction between aminergic modulatory and
glutamatergic excitatory neurons mediating starvation behavior in the Drosophifa larval neuromuscular
system. OA, octopamine; Glu, glutamate; Octp2R, OA receptors. Dashed lines denote putative
pathways; solid lines denote established pathways. (b) Scheme of the feedback loop underlying
starvation behavior. Enhanced transmitter release constitutes functional plasticity; structural increase
constitutes structural plasticity.
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Hyperglykemicky hormon, Trehalogon

Hyperglykemicky hormon (Trehalagon) je rovnéz neuropeptidem produkovanym v CC. Jeho
produkce prudce roste po zaCatku letu - mobilizuje zasobu krevni trehaldzy - hlavniho energii
transportujiciho sacharidu hmyzu. Je-li uvolfiovani hormonu zabranéno pretétim nervi mezi
mozkem a CC, dojde k padu titru krevni trehaldzy, ktera vede az k zastaveni letu v dusledku
nedostatecného pfisunu energie. | on ma svého antagonistu (podoba inzulinu).
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Trehalogon — uvoliuje transportni cukr trehalézu z tukového télesa.

Diglyceride

AKH Trehalagon

; PK :
Lipase Lipase
(inactive) > (active) -
ycogen ppK
l ~ (active) E (inactive)
DG «— TG Pha €<—— Phb

G-1-P
J uoeG _
G-6-P -%) T-6-P -V Trehalose e Trehalose
P, |

Fat body cell b

; Hemolymph

FIGURE 11-25  Possible scheme for mode of action of adipokinetic hormone (AKH) in stimu-
lating diglyceride production, and trehalagon in stimulating trehalose release from fat body
cells. Abbreviations are as follows: AC, adenyl cyclase: TG, triglyceride; DG, diglyceride;
PK, protein kinase: PPK, Phosphorylase kinase; Ph, phosphorylase; G-1-P, glucose-1-phos-
phate: G-6-P, glucose-6-phosphate; UDPG, uridine diphosphophosphate; UDP, uridine diphos-
phate; T-6-P, trehalose-6-phosphate. (Modified from Steele 1985.)
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CHH byl poprvé objeven kdyz badatelé injikovali kraby extraktem tkané z oCni stopky jinych
krabl a extrakty zpUsobily hyperglykémii — zvySeni hladiny Glc. CHH je syntetizovan v télech
sekretorickych neuronu, které jsou nahlouceny v oblasti zvané X organ v ocni stopce.
Vybézky odtud vedou do oblasti zvané sinusova zlaza, ktera slouzi jako skladovaci a
vyluCovaci organ predavajici CHH do cirkulace. Nizka hladina Glc prostfednictvim uzavfeni
K+ kanall vede | sekreci exocytézou. V cilovych tkanich vede k uvolhovani Glc.



*Antidiureticky hormon

Ovlivnéni tvorby filtratu v malpigickych trubicich
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DalSi hormony fidi funkce ovarii, vitelogenezi, embryogenezi,
Chovani.

Rada hormonu znamych od obratlovcu ale v jiné funkci
(inzulin, gastrin, somatostatin, glukagon, melatonin).

Diapauzni hormon B.m.

CNS pfijima informace o vnéjSim prostiedi

a ovliviuje sekreci fidiciho peptidického
hormonu. V |été za vysokych teplot a dlouhého
dne samice uvolfiuji diapauzni faktor z parovitych
neurosekretorickych bunéek v podjicnové uzline.
Nové tvorena vajicka jsou pod jeho viivem a
vstupuji do diapauzy a prezimuiji.




Types of Hormones in Insects

O

ecdysteroids

]

juvenile hormones

O

prothoracicotropic hormone (PTTH)
many others

O

a

octopamine
serotonin

a



Feromony — exokrinni,

vabeni opacneho pohlavi a spusténi sexualniho chovani - sexualni feromony
vabeni obou pohlavi dohromady - agregacni feromony
poplach - poplachové feromony
rozptyleni po okoli - disperzni feromony
tah - migracni feromony
Vely:

synchronizace vyvoje (akcelerace nebo inhibice) - maturacni feromony
inhibice ovarii - substance kralovny

urCeni kast (u larev termitll) nebo zmény v chovani
vCelich délnic z ulovych vcel - kojiCek-3, stavitelek-4, CistiCek-1, krmiCky-2, strazkynés
na létavky-6. - modifikatory kast



Neuropeptidy D. melanogaster

Table 3
Neuropeptides and their receptors in Drosophila melanogaster®.
Peptide gene Annotation Peptides Receptor Receptor if not GPCR
Adipokinetic hormone (AKH) CG1171 AKH CG11325
Allatostatin A (AstA) CG13633 AstA 14 CG2872
CG10001
Allatostatin B (AstB/MIP) CCB456 AstB 1-5 CG30106
CG14484
Allatostatin C (AstC) CG14919 AstC CG7285
CG13702
Amnesiac (amn) CG11937 3 putative nd nd
Apis-ITG-like CG8216 nd nd
. . . . Bursicon alpha subunit (burs) CG13419 Burs CG8930
In Drosoph”a |nSUI|n-I|ke Bursicon beta subunit (pburs) CG15284 pBurs CG8930
. d h . I . CAPA-PVK/PK CG15520 CAPA-PVK1-2 CG14575
eptides, the Insulin CAPA-PK® 0GE918
p p ! CCHamide (CCM) NPB50285¢ CCH 1-2 nd nd
receptor and downstream Corazonin (CRZ) CG3302 CRZ CG10698
Crustacean cardioactive pept. (CCAP) CG4910 CCAP CG6111
1 1 1 Diuretic horm. 31 (DHs, ) (Calcitonin) CG13094 DHs, CG17415
prOteInS are Important In Diuretic horm. 44 (DHas) (CRF) CG8348 DHaq CG8422
Ecdysis-triggering hormone (ETH) CG18105 ETH1-2 CG5911
developmental and grOWth Eclosion hormone (EH) CG5400 EH CG10738 Guanylyl cyclase
H FMRFamide CG2346 dFMRFa1-8 CG2114
processeS’ aS We" as In Glycoprotein hormone alpha2 (GFAZ) CG17878 GPA2 CGT6B65
. Glycoprotein hormone beta5 (GPBS) CG40041 GPB5 CG7665
carbohydrate and lipid Hugin () ccesn Hug. P ccaros
H H CGB784
metab0|lsm1 dlapause lon transport peptide/CHH (ITP) CG13586 ITP, ITPL1-2 nd nd
- . Insect kinin/Drosokinin CG13480 Drosokinin CG10626
IndUCtlon, StreSS Insulin-like peptides (DILP) 7 genes® DILP1-7 CG18402 Tyrosine kinase
. - Myosuppressin/dromysosuppr. {DMS) CG6440 DMS CG8985
resistance, reprod uction CG13803
. . Neuropeptide F 1 (NPF1) CG10342 NPF CG1147
and regU|at|0n Of Ilfe Span Neuropeptide-like precursor 1 (NPLP1) CG3441 IPNa, MTYa, APK nd nd
MNeuropeptide-like precursor 2 (NPLP2) CG11051 NEF nd nd
Neuropeptide-like precursor 3 (NPLP3) CG13061 SHA, VVla nd nd
Neuropeptide-like precursor 4 (NPLP4) CG15361 YSY nd nd
Pigment dispersing factor (PDF) CG6496 PDF CG13758
Proctolin CG7105 Proctolin CG6986
Prothoracicotropic hormone (FTTH) CG13687 PTTH CG1389 Tyrosine kinase
Short Neuropeptide F (sNPF) CG13968 sNPF-1, sNPF-1,4_q; CG7395
SIFamide CG4681 SIFamide CG10823
Sulfakinin (DSK)/Drosulfakinin CG18090 DSK1-2 CGB857
Tachykinin (DTK)/Drotachykinin CG14734 DTK-1-6 CGB515
DTK-6 CG7887
Sex peptide (SP) Acp70A CG8982 SP CG16752

? Based on Hauser et al. (2006a,b), Hewes and Taghert (2001}, Hill et al. {2002), Johnson (2006), Rewitz et al. (2009) and Yapici et al. (2008).
b Also termed CAPA-1 and 2 and PK-1.

© GenBank accession number.

Also designated PK-2.

DILP1=CG13173, DILP2 =CG8167, DILP3 = CG14167, DILP4 =CG6736, DILPS =CG33273, DILPG =CG 14049, DILP7 = CG13317.
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Zaver: Od prvnich a dodnes pfinosnych experimentalnich metod - ligace, extirpace,
transplantace a testu pfitomnosti hormonu ve zkoumaném vzorku na vyvijejicim se hmyzu,
pokroCilo se v poslednich letech zejména v tom, ze dnes jsou pro detekci nepatrnych
mnozstvi hormonu vyuzivany metody masspec, RIA, chromatografie, tkafiové kultury pro
zjisténi ucinkd hormonu pfimo na jednotlivé bunky, metody molekularni genetiky, detekce
regulacnich faktort genové exprese, imunohistochemie, které umoznuji porozumeét co se
déje na subbunécné urovni, isolace a identifikace neuropeptidu. Stale jedna z nadéjnych cest
pro regulaci hmyzich populaci Skodicich zajmim cClovéka.



Exokrinni sekrece

= Kokony — hedvabi
= Pavuciny — technologicka inspirace
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Figure 9-56  Spider silk thread (a) is a composed of alpha-
keratin crystals embedded in a disordered matrix of amino
acid chains (b and ). Each alpha-keratin crystal is composed
of several amino acid chains that are pressed into an
accordion-like structure called a 8 pleated sheet (d). The
contracted disarray of the matrix provides silk with its

—

20 nm

elasticity. (Most of what is known about the molecular
structure of silk comes from studies of silkworm silk. In this
illustration, it is assumed that spider silk resembles that of the
silkworm.) [Adapted from “Spider Webs and Silks,” by Fritz
Vollrath. Copyright © 1992 by Scientific American, Inc. All
rights reserved.]



