Hormonalni systém

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

Neurohormone secretion
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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

Hormonal secretion

Klasické endokrinni fizeni
prevlada u vyssich bezobratlych
a obratlovcl — zavisi totiz na
vykonné a spolehlivé cirkulaci.
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Neurosekretorické nervy mohou bud' tvofit obyCejné synaptické kontakty s bunkami, které inervuji, anebo
mohou uvolhovat 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 ovliviiuji tkané celého organismu:

neurotransmitery (B,C),
neuromodulatory (E),
neurohormony (F)
hormony (A).
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Spoluprace nervové a hormonalni kontroly:.
Nervovy systém ma nastroje k monitorovani parametrt okolniho i vnitfniho prostredi (primarni
podnét proto vychazi z ného)
Bezobratli: Neurosekrece prevazuje
JednodusSsi osy fizeni nez obratlovci.

Akéni potenciél
Motoneuron

Podnét
Neurohormon

Podnét . Hormon
Odpoved

- Odpovéd

Obr. 14.3. Kaskady tidicich soustav. Nervovy systém obecn& (a) nebo neuroendokrinni systém
bezobratlych (b) wvyuZivaji ¥idici smycku 1. fadu - pfimy U&inek na cilovy organ (efektor).
Smy&ky 1. Fadu jsou u obratlovcl vzacné. Neurosekrece obratlovcd zpravidla neovliviuje
pfimo cilovy orgdn, 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 spiZe jen u obratlovech (d).
Posledni pfipad je pfimé ovlivné&ni endokrinni Zlazy bez ulasti neurchormonu (e).




Central Nervous System

Neurosecretory Cells Neurons

Vazby mezi ridicimi systéemy

Neurohormony z hemolymfy ovliviiuji cilové tkané, ale |
podfizené endokrinni zlazy (typické pro obratlovce).
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Neurosekretorické buriky - spojovaci ¢lanek mezi NS a HS
Délba prace mezi obéma systemy

Burnky v mozku
a ocni stopce

Buriky v mozku Burky v hypota-

c) Obojzivelnik

Obr. 15.2. Srovnani ulohy neurosekrece v hormonalnim fizeni svlékani nebo pigmentace pokozky. Neurohormony z mozku jsou
vylévany v neurohemalnich organech - sinusové zlaze koryst (sz), kardialnich téliscich hmyzu (cc), adenohypofyze obojzivelnika
(ah). Ridi pak aktivitu periferni endokrinni zlazy - Y-organ koryst (Y-o), prothorakalni zlazu hmyzu (pro) a stitnou zlazu (52) obojzi-
velnika. Cilovou tkani je integument (int).
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Figure 7.20 Sympathetic innervation of the
adrenal medulla The adrenal medulla receives
innervation from a preganglionic sympathetic neuron, and is
thus equivalent to a sympathetic ganglion.




INSECTS HUMANS

Brain Hypothalamus
Neurosecretory cells cells

Neurohaemal organ: Neuropeptides:
Neurohypophysis Diuretic, Myogenic;
Neurchaema| c:r‘gan:/ Oxytocine Vasopress.

Corpora cardiaca DllJre'F|c, rv1‘1,lfc:ugen|c,.
Ecdysiotropic

Endocrine gland Endocrine gland All proteinic

Corpora allata {Terpenaoid |H-I 7?) Adenohypophysis hormones

Effects: Somatotropic, Gonadotropic, Prothoracicotropic, Effects: Somatotropic, Gonadotropic, Adrenoc
Phagostimulating. Thyreotropic, Luteinisation, Prolactin.

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
sis. and endorine glands c. allata of insects and adenohypophysis in mammals (compiled from Scharrer & Scharrer.




Aktivita a u€innost hormont
nezavisi jen sekreci, ale i na
degradaci, transportu (nosicich
hydrofobnich h) a receptorech.

Endocrine gland

Hormone Hormone Hormone Receptors on
synthesis release degradation target cells

FIGURE 1.4

Factors that affect the acavity of hormones, Hormonal activity in the circulator
tem 15 regulated by its rate of synthesis

degradation in the blood, and the de

by the endocrine glands, the rate of release into the blood, i

'-.-'n.:l:'_'u]:rmum of hormone rCCeplors on target cells.




Ulohy pro endokrinni fizeni:

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

vvvvv

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

Nejprobadanéjsi u korySu a hmyzu: rust a tvorba kutikuly




Velky pocCet 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 Zlazami,
jejichz sekrety fidi diferenciaci tkani.

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

Neurohaemal control of molting in insects

Optic lobe

Neurosecretory cells

Supraoesophageal
ganglion

Corpus cardiacum
Corpus allatum

Circumoesophageal
connective

Oesophagus

Prothoracic gland

Suboesophageal
ganglion
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Neurosekretoricky systéem hmyzu

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

Corpora Allata (t€liska prilehla) jsou klasické
endokrinni zlazy z ektodermalnich invaginaci u
kusadel.

Prothoracikalni zlaza je opét klasickou
endokrinni zlazou — bez neuralni spojky.
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Neurosekretorické buriky jsou v nervovem systému hmyzu vSudypritomné.

Rhodnius
prolixus

02 CH or PAF +
' - phloxine +
Periplaneta a CH + phloxine +

americana Locusta

migratoria . azocarmine +




Hormony a fizeni svlékani hmyzu — klasicky model.
Bioassay — ligaturovana larva. KopeC — 1917, sir Wiglessworth - 1934
Rozhoduje Cas

Caterpillar ligated during last larval instar

Ligated early Liglatecli late
Lymantria dispar during instar during instar

bekyné velkohlava

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 permussion,




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

Tedy: néjaky faktor vznikajici v mozku je odpovédny za svlékani (nebo kukleni) u hmyzu. Tento faktor nebo
hormon ovSem neni sam schopen svlékani vyvolat, protoze implantace samotného mozku do izolovaného
zadeCku svlékani nevyvolala. Mozkovy hormon tedy pouze aktivoval jinou zlazu v hrudi (prothorakalni viz
dale), ktera pak bezprostfedné vyvolava vyliti sviékaciho 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 dilezitosti.

Wigglesworth, doktor mediciny pracujici v Londynskeé 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 pofadné nasaje krve.



. . Decapitation
Kriticka perioda také u 58009 No molt occurs.
P v Brain has not yet
zakernice. —_— ——» released its
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" Decapitation
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Blood head molis to a
5th instar. Brain
— ——» released its
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Head is attached long
enough to release a
hormone from the brain

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.

oo ] Neurohaemal control of molting in insects
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Prothorakalni Zlaza — 1940 u B. mori, vchlipenina R . Corpus Dbt
ektodremu 2. Cl., ve spojeni se slinnymi zlazami gland

Prstencovita Zlaza u vySSich dipter spojujici
prothorakalni zlazu CC a CA.

Corpus allatum

Prothoracic

Corpora
cardiaca

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 |mplantace jak PGs tak mozku do permanentni larvy

V. Cecropia male

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

“second
pupa”

“golden oil”

ejaculatory duct
male reproductive system




zenl sekrece PTTH a jeho

R
ucinky

i
C

s Sekreci PTTH ridi:

= environmentalni podnéty jako fotoperioda nebo teplota
= Nervoveé stimuly napr. z receptord mechanického napéti

= Ucinek
= RAS/ERK signalni draha




PTTH

Pribuzny inzulinu.
Axonovym transportem do CC
(CA)




TABLE 14.6 Major hormones and neurochormones that control insect metamorphosis

| Type of
molecule

' Hormone Type of signal

Site of
secretion

Major target
tissue

Action

Protein (~5000 Neurcendocrine
molecular

weight)

Prothoracicotropic
hormone (PTTH)

Brain, with axon

terminals extending

to corpora allata

Prothoracic
glands

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

Ecdysone (molting Steroid Endocrine

hormone)

Juvenile hormone Terpene (fatty- Endocrine

(JH) acid derivative)

Eclosion hormone Neuroendocrine

(EH)

Pre-ecdysis triggering
hormone (PETH)

Peptide

Peptide Endocrine

Ecdysis triggering Endocrine

hormone (ETH)

Peptide

Bursicon Large protein Neuroendocrine
(~35,000 mole-

cular weight)

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 [_‘.IFOTT'IOtES
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 Zitfan et al. 2003.




Produkce ekdysteroidu

In vitro assay

Matched prothoracic glands
cultured in vitro

Potential source of
PTTH added to
culture medium

Control with
no PTTH source

Relative amounts of ecdysteroid
compared in the two cultures

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. It 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 steroidu
Spusti se transformace cholesterolu na ekdyson. Ten je az v perifernich tkanich konvertovan na
aktivni 20-hydroxyekdyson



Ecdysteroidy

Y on

HO™ ] ‘]

l | ,_l 20-hydroxyecdysone
I

e

I 2E-hydrosyecdysong

cholesterol

Ecdysone = Molting hormone (MH)
Fukuda 1940 ukazal, ze pochazi z p.zZ. "
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FIGURE 1.17. Some common ecd vstern ids.
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Syntéza Ecdysonu: Jak PTTH dosahne P.zZ. (na obrazku), PTTH se vaze na tyrosin

kinazovy receptor Torso aktivuje Ras/Raf/Erk signalni drahu (podobné jako inzulin).

DalSi déje nejsou dosud presné znamy, ale cela fada dalSich vstupu a vliva (Oktopamin,

juvenilni hormon, 5-HT...).

Pan, X., Connacher, R. P., & O’Connor, M. B. (2020). Control of the insect metamorphic transition by ecdysteroid production and
secretion. Current Opinion in Insect Science.
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Current Opinion in Insect Science

Syntéza Ekd. zahrnuje ER a mitochondrie.

Sekrece? Ekdysteroidy mohou volné prochazet membranou, ale na jejich sekreci se zfejmé
podili i sekre¢ni vesikl. V hemolymfé potfebuje dosud neznamy nosic.

Pan, X., Connacher, R. P., & O’Connor, M. B. (2020). Control of the insect metamorphic transition by ecdysteroid production and
secretion. Current Opinion in Insect Science.



Syntéza ekdysteroidu z cholesterolu
aktivace v periferni tkani u motylu

2-Dehydroecdysone



TABLE 14.6 Major hormones and neurochormones that control insect metamorphosis

| Type of
molecule

' Hormone Type of signal

Site of
secretion

Major target
tissue

Action

Protein (~5000 Neurcendocrine
molecular

weight)

Prothoracicotropic
hormone (PTTH)

Brain, with axon

terminals extending

to corpora allata

Prothoracic
glands

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

Ecdysone (molting Steroid Endocrine

hormone)

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 Terpene (fatty- Endocrine

(JH) acid derivative)

Eclosion hormone Neuroendocrine

(EH)

Pre-ecdysis triggering
hormone (PETH)

Peptide
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Inka cells of
tracheae

Inka cells of
tracheae

Brain and
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others

Neuronal circuits
in brain

Neuronal circuits
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Cuticle and
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Opposes formation of adult
structures and [_‘.IFOTT'IOtES
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 Zitfan et al. 2003.
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Puffing patterns on chromosome 3L during Drosophila larval development



Jak ucinkuji
ekdysteroidy na
bunku




Ekdyson je podobné jako juvenoidy lipofilni hormon, takZze pronika bunéénou membranou,
vaze se na receptor az v jadfe a aktivuje transkripci a expresi gend.

Nucleus

Tran-
scription

Steroid | —, I pu— N ‘Trans- o
O A —y Q@ | Tation” | Protein

Intracelularni receptor

Ecdysteroidni receptor ECR : je to ligandem aktivovany transkrip¢ni faktor v jadie 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 protein. ECR protein a ultraspiracle protein (USP). Rodina hmyzich
jadernych hormonu jsou ortology savcich farnesoid X receptor (FXR) and retinoid X receptor (RXR) proteinu.
Ligand vazici kapsa EcR je flexibilni a adaptabilni. To nabizi praktické aplikace v mediciné a zemeédélstvi. Geny
pro ligandy vnesené do rostlin by mohly slouZit k jejich ochrané pfi tvorbé terapeutickych proteinti. Rada z nich

jsou schvalené a bezpecné insekticidy.


file:///D:/Dokumenty/PŘEDNÁŠKY/Fyziologie živočichů/Animace/intracellular receptor.webm

Reakce polyténnich chromozomu slouzi jako model k porozuméni odpovédi epidermalnich a dalSich
bunék na ekdyson. Fakt, Ze nékteré oblacky na riznych mistech chromozomu se vyskytuji jen po
uréitou dobu plsobeni Ekd. a Ze dokonce pozdéji je vyskyt oblacku blokovan pokradujici pfitomnosti
Ekd., naznaCuje, ze pouze ¢asové omezené pulzy a uvoliiovaného hormonu jsou nezbytné pro
spravny prubéh svliékani. Nékteré z postupnych krokl probihajicich pfi sviékani se zdaji byt
odstartovavany prave 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, coz je zaklad sklerotizace nové kutikuly.

Hmyz nedokaze syntetizovat cholesterol — je to proto esencialni slozka potravy.

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

Ekdysteroidy maji funkce i u imag: stimuluji tukové téleso, které ma podobnou funkci jako jatra
obratlovcu, k produkci zZloutkovych bilkovin, které jsou pak transportovany do ovarii.



acdysis
— larva 4 ——p | -
2

prothoracicotropic hormone

ecdysteroids

carmmiirmeant

]
[]
]
L]
i
I
[
T
1
]
L}
i
]
i
l
]
'
]
]
]
]
]
W
]

T T L] LI L) T ] L] i

6 7 8 9 10t 2 3 4 5 6 18 19 1
time in each stage (days)

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 predchazejici — apolyza. Typické jen

pro |-p sviékani




Koreluje i se svliékanim a zménami
chovani larvy Drosophily

Eclosion

pariation
Pupation




Juvenilni hormon

Je produkovan pouze endokrinni zlazou Corpora allata (CA) a neni zdaleka tak kontroverzni jako MH (ekdyson). Pokud je
znamo, vSechen hmyz ma CA a jen CA jsou zdrojem JH. Na druhou stranu JH je mnohem obtiznéji pfistupny ke studiu,
protoze je lipofilni, ma tendenci hydrolyzovat a ménit strukturu v kyselém, zasaditém prostiedi nebo v pritomnosti nékterych
iontd a navic svou tendenci vazat se na sklo a plast. Tyto vlastnosti vyzaduji mimofadnou 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.

[ PTTH neuro- ]
secretory cells
have cell bodie!
in the brain...

s

[ ...and axon terminals |
|\ in the corpora all

[ The corpora allata
also contain
nonneural endocrine
\_cells that secrete JH. |

Je transportovan ve vazbé na transportni proteiny, které jej i chrani pfed degradaci esterazami. Titr v hemolymfé je urCovan:
velikosti syntézy JH a jeho uvolfovani do hemolymfy, aktivitou degradacnich enzym(, mnoZzstvim transportnich proteinu.



Vztah mezi mozkem a CA

Mozek fidi produkci JH nejen prostrednictvim tropnich neurohormont (allatotropinu), ale i nervoveé regulace.

Zpétnovazebna kontrola JH a z ovarii (u dospéelcu).

cardiaca h’““g:;;ﬁ 2 Neural Neurohormonal
control control

Allatotropins

allata |
/ Allatostatins
+ Allatinhibins

) -
komar o :
Svab )
plostice JH

FIGURE 1.27 A summary of the ways that the corpus allatum can be regﬁlated. The brain can

cardiacum Cﬂrpus stimulate or inhibit juvenile hormone synthesis by nervous or neurohormonal signals. The allatotropins
allatum 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.




TABLE 14.6 Major hormones and neurochormones that control insect metamorphosis

| Type of
molecule

' Hormone Type of signal

Site of
secretion

Major target
tissue

Action

Protein (~5000 Neurcendocrine
molecular

weight)

Prothoracicotropic
hormone (PTTH)

Ecdysone (molting Steroid Endocrine

hormone)

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 Terpene (fatty- Endocrine

(JH) acid derivative)

Corpora allata

Epidermis in larva/
nymph; ovary
in adult

Opposes formation of adult
structures and [_‘.IFOTT'IOtES
formation of larval/nymphal
structures; functions as a
gonadotropin in the adult

Eclosion hormone Neuroendocrine

(EH)

Pre-ecdysis triggering
hormone (PETH)

Peptide

Peptide Endocrine

Ecdysis triggering Endocrine

hormone (ETH)

Peptide

Bursicon Large protein Neuroendocrine
(~35,000 mole-

cular weight)

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 Zitfan et al. 2003.




Koncentrace JH rozhoduje o typu
kUtiku 1y Ecdysteroid

R
- e

=
B
Jeho sekrece z CA ma dvé hlavni ulohy: JH / -

—

fizeni metamorfézy a regulaci vyvoje l'h\ (
reprodukénich organu. JH fidi stuperi a 4
smér diferenciace u kazdého svlékani.

O £ No

JH

Epidermal cell

|

4 : Epidermal cell 3

O

Same cuticle Next developmental
produced cuticle produced




JH pusobi primo na epidermalni bunky.

Sir V.B.Wigglesworth si pohral s kutikulou zakefnice




Kritické periody JH

ecdysis

Cilové tkané jsou citlivé jen v urcitych .
casovych oknech prothoracicotropic hormone

Pri svlékani |4 — 15, JH je pfitomen,
Pri svlékani |5 - k, v prvni k.p. neni JH
pritomen. Druha k.p. fidi vyvoj
imaginalnich diskda. ;
U kukly neni JH ' ecdysteroids

commiirment

6 7 8 8§ 10
time in each stage (days}




Juvenoidy - umelé analogy JH

_COOCH,
Juvenoidy jako je methopren, hydropren,

kinopren, pyriproxyfen a fenoxycarb jsou umélé
pripravky imitujici strukturu a uc€inky JHs, 4-methyl
selektivné cilici na a narusujici endokrinni sst JHI

hmyzu.

. COOCH;

_COOCH;,4
Zvlast ucinné mohou byt jako larvicidy pfi
hubeni Skadcu a vektoru prenasejicich nemoci
jako napf. komaru.

JH
bisepoxide

JH I

. COOH
acid

O

FIGURE 1.28. Some of the major juvenile hormones that have been identified in insects.




JH a juvenoidy

Zabranuji imaginalni metamorféze a prodluzuji larvalni stadium.

ll
(6) Egg Laying +——_(5) Eclosion

2) 5|eep"'nL Mokt ~ E90%

C 'Tmfgm:ﬁﬁ

Z pohledu zajmu €lovéka bohuzel neni mozné pfili§ doufat v uspésnost Sleep | Mot
boje proti hmyzu prekoceny a dalSimi latkami, protoze jejich '

112 days) -
i nstar greppgSe> | ipation
plsobeni je velmi rizné u rznych hmyzich skupin a na nékteré druhy [
neplisobi viibec. et st Quitny
cacoan

Obtizné nadasovani a rozpad v pfirodé. Juvenoidy jsou v podstaté Ezlfl:jg-:;':;:lj:rﬁw

ucinngjsi nez samotny JH a jsou vysoce druhové specificke. steep \ Mot ,;

Do téla se dostavaji velice snadno - kutikulou do hemolymfy. Na rozdil i ¥ 73 Cocooning
od vlastniho JH juvenoidy pfi sviékacim procesu zpusobuji poruchy, w (2days)
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 boiji proti skladistnim Skadcum (ve skladech jsou stalé
podminky).



Nazyvan ,,juvenilni®, ale neni omezen
jen na juvenilni stadia vyvoje.

Ridi embryogenezi, vyvoj, metamorfézu.

U dospélcu stimuluje vitelogenezi, spermatogenezi,
produkci feromonu pfi pareni, metabolismus,
diapauzu, migraci, délbu prace u spoleCenskych
druh.

Juvenile
Hormone

gut Blood meal

amino acids

Fat Body

JH FIsC
met
2 JH (FIsC

8 vitellogenin

CACCSCAT W B ccRe _—

carbohydrate-lipid

handling genes protein synthesis T

machinery 20E

? OEH
ILPs

vitellogenin

ecdysone

maturation

Lynn M. Riddiford PNAS 2013;110:9623-9624



Hormonalni kontrola reprodukcniho
zranl u samicky komara.

CA vylu€uji JH, ktery zpusobuje posteklozni vyvoj
tukového télesa regulaci exprese tfi genovych
klastra (early, mid, late).

JH potlacuje metabolismus sacharidu a lipidd, ale
podporuje syntézu bilkovin, takze po nasati reaguje
tukové télisko na 20-hydroxyekdyson (20E), ktery
aktivuje produkci vitellogeninu pro Zloutek ve
vajickach.

Potrava poskytuje aminokyseliny a signalizuje
mozku, aby vylu€oval neuropeptid ovarialni
ekdysteroidogenni hormon (OEH) a nékolik
inzulinu podobnych peptidu (ILP), které zpusobuiji,
Ze bunky ovarialnich folikull vylucuji ekdyson, ktery
se v tukovém télese a dalSich perifernich tkanich
preménuje na aktivni 20E.

CA

Juvenile
Hormone

gut Blood meal

\

amino acids

Fat Body

JH FIsC
met

. IH Fisc : :
£ vitellogenin

CACCSCAT o — B ccRe _—

carbohydrate-lipid _ :
handling genes protein synthesis t
machinery _

20E

. ; OEH
/ ecdysone  ILPs
\

ovary .

vitellogenin

egg
200 maturation

Lynn M. Riddiford PNAS 2013;110:9623-9624



Eklozni hormon - EH

JW Truman, Nastaveni Casu lihnuti. Ekloze = imaginalni ekdyse

Kfizova implantace mozkové tkané prehodila Casy 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 o 48 hodin, ale probiha ve stejnou denni dobu.

Hyalophora cecropia
Ekloze rano

Antherea pernyi

i Y l,.‘ T IE"‘ a T
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ecdysteroids

cormuniirment
poak

Tésné pred eklozi hladiny ekdysteroidu klesaji a z CC je uvolnén EH aby spustil eklozni chovani a asi i vyliti
cementovych substanci z Versonovych Zlaz.
Pad ekdysteroidl je nezbytny pro uvolnéni EH a nastup citlivosti tkani.

Ekdyse ma tfi faze:

- pripravna faze (vybér mista pro svlékani, pohyby vedouci k odtrzeni nové kutikuly od starée).

- 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 pfesné naCasovanym vylévanim pfislusnych hormona.



Epitrachealni zlazy

Truman pouzival izolovanou bfiSni nervovou pasku
Manduca sexta. Systém fungoval, kdyz EH z mozku
mohl ovlivnit ganglia a nebyl pfitom narusen
trachealni systém.

To ukazalo na pritomnost dalSich Fidicich mist u
tracheji (Inka cells - Epitrachealni zlazy). Vedlo k
objevu dalSich etotropnich hormond.

Molting 4th Instar
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A Enlargad balow

1st Thoracic
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EH= Eclosion hormone
ETHI= Ecdysls triggers hormone




Epitrachealni zlazy

Truman pouzival izolovanou bfiSni nervovou pasku
Manduca sexta. Systém fungoval, kdyz EH z mozku
mohl ovlivnit ganglia a nebyl pfitom narusen
trachealni systém.

To ukazalo na pritomnost dalSich Fidicich mist u
tracheji (Inka cells - Epitrachealni zlazy). Vedlo k
objevu dalSich etotropnich hormond.

ETH — Ecdysis triggering hormone
PETH — Preecdysis triggering hormone

-~

e TR NS
The tracheae are branched tubes

|
" Juvenile AN
hormone Ecdysone \\
] \

The prothoracic
gland secretes
| ecdysone.

\

that extend from openings called
spiracles in the body wall. .

ra
’

7 Inka cells, located on |
the tracheae, secrete
|
PET | PETHand ETH.
O H \ -
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TABLE 14.6 Major hormones and neurochormones that control insect metamorphosis

| Type of
molecule

' Hormone Type of signal

Site of
secretion

Major target
tissue

Action

Protein (~5000 Neurcendocrine
molecular

weight)

Prothoracicotropic
hormone (PTTH)

Ecdysone (molting Steroid Endocrine

hormone)

Juvenile hormone Terpene (fatty- Endocrine

(JH) acid derivative)

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 [_‘.IFOTT'IOtES
formation of larval/nymphal
structures; functions as a
gonadotropin in the adult

Eclosion hormone Neuroendocrine

(EH)

Peptide

Brain

Inka cells, possibly
others

Promotes PETH and ETH secretion
from Inka cells

Pre-ecdysis triggering Endocrine

hormone (PETH)

Peptide

Ecdysis triggering Endocrine

hormone (ETH)

Peptide

Bursicon Large protein Neuroendocrine
(~35,000 mole-

cular weight)

Inka cells of
tracheae

Inka cells of
tracheae

Brain and
nerve cord

Neuronal circuits
in brain

Neuronal circuits
in brain

Cuticle and
epidermis

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 Zitfan et al. 2003.




TABLE 14.6 Major hormones and neurochormones that control insect metamorphosis

| Type of
molecule

' Hormone Type of signal

Site of
secretion

Major target
tissue

Action

Protein (~5000 Neurcendocrine
molecular

weight)

Prothoracicotropic
hormone (PTTH)

Ecdysone (molting Steroid Endocrine

hormone)

Juvenile hormone Terpene (fatty- Endocrine

(JH) acid derivative)

Eclosion hormone Neuroendocrine

(EH)

Peptide

Brain, with axon

terminals extending

to corpora allata

Prothoracic glands
in larva/nymph;
ovary in adult

Corpora allata

Brain

Prothoracic
glands

Epidermis in
larva/nymph;
fat body in adult

Epidermis in larva/
nymph; ovary
in adult

Inka cells, possibly
others

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 [_‘.IFOTT'IOtES
formation of larval/nymphal
structures; functions as a
gonadotropin in the adult

Promotes PETH and ETH secretion
from Inka cells

Pre-ecdysis triggering Endocrine

hormone (PETH)

Peptide

Ecdysis triggering Endocrine

hormone (ETH)

Peptide

Inka cells of
tracheae

Inka cells of
tracheae

Neuronal circuits
in brain

Neuronal circuits
in brain

Coordinates motor programs to
prepare for shedding the cuticle

Coordinates final motor programs
for escaping from old cuticle

Bursicon Large protein Neuroendocrine
(~35,000 mole-

cular weight)

Brain and
nerve cord

Cuticle and
epidermis

Tans and hardens new cuticle

Sources: After Randall, Burggren, and French 2002; and Zitfan 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 svliékani.

3 EH acts on epitracheal
4 Mas-ETH stimulation of the dlands to trigger Mas-ETH
VM cells tiggers major release; Mas-ETH then acts
- r on the terminal atcominal
ganglia to trigger pre-ecdysis,
and on the VM cells to
NS induce further EH rel

VI cells '.I

2 & small amount

Epitracheal Y of EH is released

gland peripherally as a
result of increased
W cell activity.

= 1886 Cumrent Biology

FProposed model for the imeractions of EH and Mas-ETH and their roles in tiggering pre-ecdysis and ecdysis behaviors (see text for details ).



Finale: Bursicon, vytvrzovaci hormon

Reguluje syntézu fenoloxidazovych enzymud podobné jako steroidy.
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Gottfried S. Fraenkel, 60.Iéta

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.



https://thekidshouldseethis.com/post/maggot-to-fly-transformation

TABLE 14.6 Major hormones and neurochormones that control insect metamorphosis

| Type of
molecule

' Hormone Type of signal

Site of
secretion

Major target
tissue

Action

Protein (~5000 Neurcendocrine
molecular

weight)

Prothoracicotropic
hormone (PTTH)

Ecdysone (molting Steroid Endocrine

hormone)

Juvenile hormone Terpene (fatty- Endocrine

(JH) acid derivative)

Eclosion hormone Neuroendocrine

(EH)

Pre-ecdysis triggering
hormone (PETH)

Peptide

Peptide Endocrine

Ecdysis triggering Endocrine

hormone (ETH)

Peptide

Brain, with axon

terminals extending

to corpora allata

Prothoracic glands
in larva/nymph;
ovary in adult

Corpora allata

Brain

Inka cells of
tracheae

Inka cells of
tracheae

Prothoracic
glands

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

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 [_‘.IFOTT'IOtES
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

Bursicon Large protein Neuroendocrine
(~35,000 mole-

cular weight)

Brain and
nerve cord

Cuticle and
epidermis

Tans and hardens new cuticle

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




ecdysis

Bursikon je sekretovan ze segmentalnich perivisceranich organut spojenych s abdominalnimi
ganglii asi jednu nebo dvé hodiny po uvolnéni EH.

Abdomen

-,
u a8 0
%

é’-’;; Rhodnius
s prolixus

Q‘{:'}' ¢392 CH or PAF +
—l

» phloxine +

Periplaneta )
americana Locusta - CH=+ Ph|_oxme +
migra!orio + @QZocarmine +

Dva dalSi kardioaktivni peptidy usnadnuji proud hemolymfy do kfidel.



Jan Zd'arek:

DalSi synchroniza€éni neuropeptidy:

1. Imobilizaéni faktor PIF. Pokud injikujeme hemolymfu
z oranzového stadia do larvy mladsi, larva se pfedCasné
prestane pohybovat.

2. ARF anterior retraction factor, ktery Ize izolovat z larev
vstupujicich do puparizace. Je-li pak injikovan do larev v
dobé pred stadiem ¢erveného spirakula, tento faktor
vyvola pfedCasnou retrakci ustniho ustroji a hlavy.

3. PTF puparium tanning faktor urychluje vytvrzovani zadni

Casti téla. Pfedni a zadni €ast téla tvrdne ruznou 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
zadeCku s permanentni larvalni kutikulou vede k jeho
vytvrzeni.

PTF tedy podobné jako bursikon a ekdysteroidy fidi FO

T

HMYZ | <

B . " |""'. .;E'l-lu_,l"lll-l' "'.r.'

JAM ZDAREK

OHROZENI
HMYZEM?

HEQBVYELA SETKANI PO 40 LETECH




H O r\ mo n y a 1. Ekdysteroidy

- ekdyson, 20-hydroxyekdyson (20-E), makisteron A (=24-metyl-20E),

met a bo 1 i S m u S 2-deoxyekdyson, 26-hvdroxyekdyson a dalsi

2. Juvenilni hormony

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

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 metamorfozu, vyvoj a rist
. Prothoracikotropni hormon (PTTH) a bombyxin
2. prothoracikostaticky hormon (PTSH)
. Allatostatiny a allatotropin
4. PBAN [, II, TII (pheromone biosynthesis activating neuropeptide)
. Eklozni hormon a ecdysis triggering hormone (ETH)
. Burzikon
. Faktory regulujici puparizaci much
8. 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
- postatické hormony a TMOF (tryvpsin-modulating oostatic factor)
V1. Hormony modifikujici svalovou kontrakei (myotropni peptidy)
1. Proctolin
2. Kardiostimulaéni hormony - crustacean cardioactive peptide (CCAP)
3. Skupiny myotropnich neurohormonii - 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)




AKH - adipokineticky hormon

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

Béhem asi 15 minut je z CC na nervovy
stimul produkovan a uvoliovan. Tato
zmeéna je spojena se stonasobnym
zvySenim oxidace zivin potfebnych pro
ziskani energie pro dlouhodoby let.

Vysoka hladina lipidd inhibuje uvolfiovani
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 vylu€ovan terminalnim zadeCkovym gangliem, mozkem a
perifernimi nervy. Ovliviuje aktivitu visceralnich svall —srdce, stfeva, recta, ale také skeletalnich
svall. Byva popisovan jako transmiter nebo neuromodulator.




Octopamin

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

Hladina octopaminu u sarance vzrista 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 uvolnuji jej
v blizkosti svalu, ktery reaguje znasobenim sveého napéti. Uvolnovani oktopaminu je zfejmé rozSifeno i na
mnohé dalSi hmyzi organy pfi€emz se uvazuje o tom, Ze hraje podobnou roli jako noradrenalin u obratlovcl
- nastavuje organismus na maximalni metabolickou aktivitu svalu.
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O Rown B Koue
Hladové larvy drozofil se pohybuiji rychleji a on A YO * Si:;;:{:]
hledaji potravu. Hlad zvySuje hladinu ,. -
oktopaminu. Ten stimuluje motorické synapse. \ W\ i
U hladovéjicich drozofil je oktopamin (OA) " lq'\md
uvolfiovan neurosvalovymi zakonéenimi o
modulacniho n.s. a vyvolava vyhledavaci G
chovani.

Synaptopods Starvation

OA je nahradou noradrenalinu. VyluCovany OA Transcription, Boltons
posiluje jak samotné modulaéni terminaly, tak i b | et
sousedni excitaéni nervosvalové terminaly. crbn  monPell e Octopamine —3OctizR

Chronic effect:
structural increase

PKA Octp2R

Type-l motor neurons
T camp «

Figure 1 Octopamine and starvation behavior. (a) Interaction between aminergic modulatory and
glutamatergic excitatory neurons mediating starvation behavior in the Drosophila larval neuromuscular
m. OA, octopamine; Glu, glutamate; Octf2R, OA receptors. Dashed lines denote putative
thways; solid lines denote blished pathw (b) Scheme of th loop underlying
starvation behavior. Enhanced transmitter release constitutes functional plasticity; structural increase
constitutes structural plasticity.
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Hyperglykemicky hormon,
Trehalogon : o

Trehalagon je rovnéz neuropeptidem
produkovanym v CC.

(inactive) .
Glycogen ppx PPK
v s (active) (inactive)
Jeho produkce pru’dce roste po zacCatku Iet’u - Bt l e Phb
mobilizuje z tukového télesa zasobu krevni G.LP
trehaldzy - hlavniho energii transportujicino J, uopG
sacharidu hmyzu. Je-li uvolfiovani hormonu G-6-P ﬁ%T-lS-P-VTmhanse Trehalose

zabranéno pretétim nervi mezi mozkem a b UDP
CC, dojde k padu titru krevni trehaldzy, ktera
vede az k zastaveni letu v dusledku
. . ] , FIGURE 11 35 Possible m,hemn for mode of action of '1&11[.m|xmetn. hurm(me ( M\H] in stimu-
nedostateCného pfisunu energie. | on ma lating diglyceric e

svého antagonistu (podoba inzulinu). },ji'"’p:;’:fn in _':

Hemolymph

phate;: G ldlm thhuxphuphmph ate; [I]_}P Lnldlm. diphos-
' fied from Steele 1985.)




CHH ridi hladinu Glc

Stejné jako obratlovci, mnoho bezobratlych dokaze regulovat
extracelularni glukézu. Napf. u korysu (krabi, krevety, garnati)
neurohormon CHH - crustacean hyperglycemic hormone .
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Figure 3.36 Regulation of circulating glucose
by crustacean hyperglycemic hormone

CHH byl poprvé objeven, kdyz badatelé injikovali kraby extraktem tkané z oéni stopky jinych krabu a extrakty zpusobily
hyperglykémii — zvySeni hladiny Glc. CHH je syntetizovan v télech sekretorickych neuronu, které jsou nahlouceny

v oblasti zvané X organ v o€ni stopce. Vybézky odtud vedou do oblasti zvané sinusova Zlaza, ktera slouzi jako
skladovaci a vylu€ovaci organ pfedavajici CHH do cirkulace. Nizka hladina Glc prostfednictvim uzavieni K+ kanald vede
k sekreci exocytdézou. V cilovych tkanich vede k uvolfovani Glc.



Antidiureticky hormon

Ovlivnéni tvorby filtratu v malpigickych trubicich

Hemocoel

Malpighian
tubules




DalSi hormony fidi funkce ovarii, vitelogenezi, embryogenezi,
Chovani.

Rada hormont zndmych od obratlovct ale v jiné funkci
(inzulin, gastrin, somatostatin, glukagon, melatonin).

Diapauzni hormon B.m.

CNS pfijima informace o vnéjSim prostfedi a ovliviuje sekreci fidiciho
peptidického hormonu. V |été za vysokych teplot a dlouhého dne samice
uvolAuji diapauzni faktor z parovitych neurosekretorickych bunék v
podjicnové uzliné. Nove tvorena vajicka jsou pod jeho vlivem a vstupuji
do diapauzy a prezimuji.




Hmyzi hormony chemicky

= Steroid hormone
= ecdysteroids

= Sesquiterpenes

= juvenile hormones

= Peptide hormones
= prothoracicotropic hormone (PTTH)
= many others

= Biogenic amines




Feromony - exokrinni,

vabeni opacného 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) - maturacéni feromony
inhibice ovarii - substance kralovny

urceni kast (u larev termittl) nebo zmény v chovani
vCelich délnic z ulovych vcCel - kojiCek-3, stavitelek-4, CistiCek-1, krmiCky-2, strazkyné-5
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 1-4 CG2872 F ",
. . . ’ CG10001 il
V INZU I | n-l | ke SyStemu Allatostatin B (AstB/MIP) CGB456 AstB 1-5 CG30106
CG14484
d rozofl |y JSOU pe ptldy Allatostatin C (AstC) CG14919 AstC CG7285
] CG13702
. ’ ’ Amnesiac (amn) CG11937 3 putative nd nd
TaVANIl novy rece ptor a Apis-ITG ke CC8216 nd nd
Bursicon alpha subunit (burs) CG13419 Burs CG8O30
AT H © 2+ A Bursicon beta subunit {pburs) CG15284 pBurs CG8930
navazujici proteiny dulezite [evt i
, . , o , CAPA-PKP CG9918
h t h CCHamide (CCM) NPB50285° CCH 1-2 nd nd
Ve VyVOJ OVyC a rus OVyC Corazonin (CRZ) J CG3302 CRZ CG10698
. Y - Crustacean cardioactive pept. (CCAP) CG4910 CCAP CGB111
proceseCh y SteJ ne Ja ko Ve Diuretic horm. 31 (DHs,) {Calcimninj} CG13094 DH3s,q CG17415
Diuretic horm. 44 (DH44) (CRF) CGB348 DHa4 CGB422

1 I ° Ecdysis-triggering hormone (ETH) CG18105 ETH1-2 CG5911
meta b0| Ism u SaCha rld u a Eclosion hormone (EH) J CG5400 EH CG10738 Guanylyl cyclase

] ] o . . . FMRFamide CG2346 dFMRFa1-8 CG2114
I | pld u. I nd u kCl d 1a pa uzy Glycoprotein hormone alpha2 (GPA2) CG17878 GPA2 CG7665
! ’ Glycoprotein hormone beta5 (GPB5) CG40041 GFB5 CC7665
OdOanStl VL"JéI StreSU Hugin (hug) CGB371 Hug-PK? CG8795
] CGE784
. . ” lon transport peptide/CHH (ITP) CG13586 ITP, ITPL1-2 nd nd
reprOdUKCI a reglJIaCI delky Insect kinin/Drosokinin CG13480 Drosokinin CG10626
Insulin-like peptides (DILP) 7 genes® DILP1-7 CG18402 Tyrosine kinase
s t Myosuppressin/dromysosuppr. (DMS) CG6440 DMS CGBY9BS
ZIVO a. CG13803
Neuropeptide F 1 (NPF1) CG10342 NPF CG1147
Neuropeptide-like precursor 1 (NPLP1) CG3441 IPMNa, MTYa, APK nd nd
Neuropeptide-like precursar 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) CGE496 PDF CG13758
Proctolin CG7105 Proctolin CGE986
Prothoracicotropic hormone (PTTH) CG13687 PTTH CG1389 Tyrosine kinase
Short Neuropeptide F (sNPF) CG13968 sNPF-1, sNPF-14_q; CG7395
SIFamide CC4BE1 SIFamide CGI0823
Sulfakinin (DSK)/Drosulfakinin CG18090 DSK1-2 CGB857
Tachykinin (DTK)/Drotachykinin CG14734 DTK-1-6 CGB515
DTK-6 CGTBET
Sex peptide (SP) Acp70A CGEO82 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.

4 Also designated PK-2.

® DILP1=CG13173, DILP2=CG8167, DILP3 =CG14167, DILP4 =CG6736, DILP5=CG33273, DILP6=CG 14049, DILP7 = CG13317.



Zaver.

Od prvnich a dodnes pfinosnych experimentalnich metod - ligace, extirpace, transplantace
a testu pfitomnosti hormonu ve zkoumaném vzorku na vyvijejicim se hmyzu, se pokrocilo
zejmena v tom, ze dnes jsou pro detekci nepatrnych mnozstvi hormonu vyuzivany metody
masspec, RIA, chromatografie, tkafiové kultury pro zjisténi ucinkd hormonut pfimo na
jednotlivé buriky, metody molekularni genetiky, detekce regulacnich faktorti genové
exprese, imunohistochemie, které umoznuji porozumet co se déje na subbunécné urovni,
izolace a identifikace neuropeptidd.

Stale jedna z nadéjnych cest pro regulaci hmyzich populaci Skodicich zajmuam ¢lovéka.




Exokrinni sekrece

= Kokony — hedvabi
= Pavuciny — technologicka inspirace

o = Tough outer silk
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Exokrinni sekrece

= Kokony — hedvabj

=  Pavuciny — techne

f alpha-
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(b and alpha-keratin crystal is compo

1l amin 2 [ {into an
ordion-like structure called ed sheet (d). The
contracted disarray of the matrix provides silk with its



