Hormonalni systém

Vyvoj hmyzu a fizeni tvorby kutikuly — klasicky modelovy objekt pro studium
latkové signalizace
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Reprinted with permission.
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Hormonalni rizeni v kontextu vsech latkovych signalizaci
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FIGURE 1.1. Some examples of neurctransmitter release. A. An endocrine cell releasing a
hommone into the circulatory system. B, A neuron synapsing with a neurosecretory cell, releasing a
neurotransmitcer at the synapse. C. A neuron synapsing with an endocrine cell, releasing a neuro-
rransmitter. . A neurosecretory cell releasing a neurchormone into the circulatory system at a
neurohemal organ. E. An inhibitory neurcn synapsing with a neurocsecretory cell, releasing a neuro-
modulator at the synapse. F. Feceptors on target cells recognize specific neurchommones in circula-
rion, resulting in a blological etfect. The absence of receptors on nontarget cells results n the cell
not being able to respond to the circulating chemical messages, and any moelecules taken up non-
specifically are degraded.




Spoluprace nervové a hormonalni kontroly:.
Bezobratli: Neurosekrece prevazuje
Jednodussi osy fizeni nez obratlovci
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Obr. 14.3. Kaskady fidicich soustav. Nervovy systém obecné& {(a) nebo neurcendokrinni systém
bezobratlych (b) vyuZivaji Fidici smyCku 1. £&du - p¥imy G&inek na cilovy organ (efektor).
Smy&ky 1. Fadu jsou u obratloved vzacné. Neurosekrece obratlovclh zpravidla neovliviluje
pfimo cilovy organ, ale sekreci klasické endokrinni Zlazy. To je smy&ka 2. Zfadu, jaké jsou
b&%né u obratloveld i bezobratlych (c). Smy&ky 3. *Adu nalézame spise jen u obratlovca (d).
Posledni pfipad je p¥imé ovlivnéni endokrinni Zlazy bez ufasti neurchormonu (e).
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FIGURE 1.4  Factors that affect the activity of hormones. Hormonal activity in the circulatory sys-

tem 15 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.




Jednodussi bezobratli
Morfogenetické procesy: vyvoj, rust, regenarce, funkce gonad

Pokrocilejsi bezobratli
Vyvoj vajicek, osmoregulace, srdecni vykon, metabolismus, barvozmeéna

Nejprobadanéjsi u korySu a hmyzu: rust a tvorba kutikuly



Neurosekretorické burnky - spojovaci clanek mezi NS a HS
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a oéni stopce —

Bunky
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Obr. 14.2. Srovnani ulohy neurosekrece v hormonalnim #izeni sv1ékani nebo pigmentace pokoZz-
ky. Neurohormony z mozku jsou vylévany v neurchemdlnich orgdnech - sinusové Zlaze korysh
(sz), kardialnich té&liscich hmyzu (cc), adenohypofyze obojZivelnikfi (ah). Ridi pak aktivitu
periferni endokrinni Zlazy -~ Y-orgén kory3u (Y-o), prothorakidlni Zlazu hmyzu (pro), adeno-
hypofyzu (ah) a Stitnou Zlazu (5Z) obcjzivelnikl. Cilovou tkani je integument (int).



Neurosekretoricky systéem hmyzu
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FIGURE 11-19 Generalized central nervous system and endocrine systems of an
insect. The nervous system contains three major groups of neurosecretory cells:
the median (mnc), lateral (Inc), and subesophageal (snc), which are connected
with the corpora cardiaca via NCCI and NCCII nerves; phasmid insects have ad-
ditional neurosecretory cells in the tritocerebrum (tnc) connected to the corpora
cardiaca via NCCIII nerves. The corpora cardiaca are a neurohemal organ for the
release of neurosecretions; they ‘arise from stomodeal ectoderm (shown by black
arrows). The corpora allata are classical endocrine glands that arise from ectoder-
mal invaginations near the maxillae (black arrows). The prothoracic gland is an-
other important classical endocrine gland; it arises (black arrow) from ventral
glands (which are present in primitive insects). (Modified from Jenkin 1962; after




Endokrinni system hmyzu

Hormony a rizeni sviekani.

Caterpillar ligated during last larval instar

L & e
Ligated 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 permussion.



Ligation of larva
before critical period

Injection of molting hormone
into posterior compartment

Only anterior compartment
pupated after ligation

Both compartments
pupated after ligation



Decapitation
Mo molt occurs.
Brain has not yet
——» released its
hormone when
it was removed.
Decapitation

Body without the
head molts to a
5th instar. Brain
—p released its
hormone before
it was removed.

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.

Head is attached long
enough to release a
hormone from the brain







Dav pfristupy k metamorféze
A) Zména v sekreci
B) Imaginalni disky
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FIGURE 2.22 The imaginal discs of a larval Drosophila (left) and the corresponding structures in
the adult (right) to which they give rise. From Nothiger (1972). Reprinted with permission.
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Obr. 15.5. Hormonalni fizeni svlékani hmyzu. Produkce ekdyso-
nu z prothorakalnich zlaz je stimulovana protoracikotropnim
hormonem (PTTH) syntetizovaného v mozku a vylévaného
z kardialnich télisek (CC). Ekdyson iniciuje svlékaci déje. Zda se
vytvofi kutikula kuklova nebo opét larvalni, rozhodne koncen-
trace juvenilniho hormonu (JH). Ten je produkovan v téliskach
prilehlych (CA).



Prstencovita Zlaza u vySsich dipter spojujici prothorakalni zlazu CC a CA.
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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. (2003). Reprinted with permission.
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TABLE 14.6 Major hormones and neurohormones that control insect metamorphosis

UH)

- Eclosion hormone
| (EH)

hormone (PETH)

Ecdysis triggering
hormone (ETH)

Bursicon

Pre-ecdysis triggering

acid derivative)

Peptide

Peptide

Peptide

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

Neuroendocrine

Endocrine

Endocrine

MNeuroendocrine

Brain

Inka cells of
tracheae

Inka cells of
tracheae

Brain and
nerve cord

nymph; ovary
in adult

Inka cells, possibly
others

Neuronal circuits
in brain

Neuronal circuits
in brain

Cuticle and
epidermis

_ Type of Site of Major target
Hormone molecule Type of signal secretion tissue Action
Prothoracicotropic Protein (~5000 Neurcendocrine Brain, with axon Prothoracic Initiates molting (ecdysis) by
hormone (PTTH) molecular terminals extending glands stimulating release of ecdysone
weight) to corpora allata from prothoracic glands
 Ecdysone (molting Steroid Endocrine Prothoracic glands Epidermis in When activated to 20-hydroxyec-
hormone) in larva/nymph; larva/nymph; dysone, promotes cellular
ovary in adult fat body in adult mechanisms to digest old
cuticle and synthesize new
one; stimulates production
of yolk proteins in adult
Juvenile hormone Terpene (fatty- Endocrine Corpora allata Epidermis in larva/  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 Zitfian et al. 2003.
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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.

Transformace cholesterolu na ekdyson. Ten je v perifernich tkanich konvertovan na
20-hydroxyekdyson
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TABLE 14.6 Major hormones and neurohormones that control insect metamorphosis
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- Eclosion hormone
| (EH)

hormone (PETH)
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hormone (ETH)
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Pre-ecdysis triggering
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Peptide

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

nymph; ovary
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Inka cells, possibly
others

Neuronal circuits
in brain
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in brain
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epidermis

_ Type of Site of Major target
| Hormone molecule Type of signal secretion tissue Action
' Prothoracicotropic Protein (~5000 Neurcendocrine Brain, with axon Prothoracic Initiates molting (ecdysis) by
hormone (PTTH) molecular terminals extending glands stimulating release of ecdysone
weight) to corpora allata from prothoracic glands
Ecdysone (molting Steroid Endocrine Prothoracic glands Epidermis in When activated to 20-hydroxyec-
hormone) in larva/nymph; larva/nymph; dysone, promotes cellular
ovary in adult fat body in adult mechanisms to digest old
cuticle and synthesize new
one; stimulates production
of yolk proteins in adult
Juvenile hormone Terpene (fatty- Endocrine Corpora allata Epidermis in larva/  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 Zitfian et al. 2003.




Aktivace genu pod vlivem
ecdysteroidu.

In vivo, polyténni chromozomy
slinnych zlaz

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 PolII (green)*. HS, heat shock.
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Puffing patterns on chromosome 3L during Drosophila larval development
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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, Lepidoprera).
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TABLE 14.6 Major hormones and neurohormones that control insect metamorphosis

UH)

acid derivative)

nymph; ovary
in adult

_ Type of Site of Major target
| Hormone molecule Type of signal secretion tissue Action
' Prothoracicotropic Protein (~5000 Neurcendocrine Brain, with axon Prothoracic Initiates molting (ecdysis) by
hormone (PTTH) molecular terminals extending glands stimulating release of ecdysone
weight) to corpora allata from prothoracic glands
 Ecdysone (molting Steroid Endocrine Prothoracic glands Epidermis in When activated to 20-hydroxyec-
hormone) in larva/nymph; larva/nymph; dysone, promotes cellular
ovary in adult fat body in adult mechanisms to digest old
cuticle and synthesize new
one; stimulates production
of yolk proteins in adult
Juvenile hormone Terpene (fatty- Endocrine Corpora allata Epidermis in larva/  Opposes formation of adult

structures and promotes
formation of larval/nymphal
structures; functions as a
gonadotropin in the adult
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hormone (PETH)
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Large protein
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cular weight)
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Inka cells of
tracheae
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Brain and
nerve cord

Inka cells, possibly
others
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in brain
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Promotes PETH and ETH secretion
from Inka cells

Coordinates motor programs to
prepare for shedding the cuticle
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for escaping from old cuticle

Tans and hardens new cuticle

Sources: After Randall, Burggren, and French 2002; and Zitfian et al. 2003.
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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, Lepidoprera).
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TABLE 14.6 Major hormones and neurohormones that control insect metamorphosis

UH)

acid derivative)

nymph; ovary
in adult

_ Type of Site of Major target
| Hormone molecule Type of signal secretion tissue Action
' Prothoracicotropic Protein (~5000 Neurcendocrine Brain, with axon Prothoracic Initiates molting (ecdysis) by
hormone (PTTH) molecular terminals extending glands stimulating release of ecdysone
weight) to corpora allata from prothoracic glands
 Ecdysone (molting Steroid Endocrine Prothoracic glands Epidermis in When activated to 20-hydroxyec-
hormone) in larva/nymph; larva/nymph; dysone, promotes cellular
ovary in adult fat body in adult mechanisms to digest old
cuticle and synthesize new
one; stimulates production
of yolk proteins in adult
Juvenile hormone Terpene (fatty- Endocrine Corpora allata Epidermis in larva/  Opposes formation of adult

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

cular weight)

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

Sources: After Randall, Burggren, and French 2002; and Zitfian et al. 2003.
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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, Lepidoprera).
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TABLE 14.6 Major hormones and neurohormones that control insect metamorphosis
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- Eclosion hormone

acid derivative)

nymph; ovary
in adult

_ Type of Site of Major target
| Hormone molecule Type of signal secretion tissue Action
' Prothoracicotropic Protein (~5000 Neurcendocrine Brain, with axon Prothoracic Initiates molting (ecdysis) by
hormone (PTTH) molecular terminals extending glands stimulating release of ecdysone
weight) to corpora allata from prothoracic glands
 Ecdysone (molting Steroid Endocrine Prothoracic glands Epidermis in When activated to 20-hydroxyec-
hormone) in larva/nymph; larva/nymph; dysone, promotes cellular
ovary in adult fat body in adult mechanisms to digest old
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hormone (PETH) tracheae in brain prepare for shedding the cuticle
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Sources: After Randall, Burggren, and French 2002; and Zitfian et al. 2003.
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Ptilinum mouchy Tsetse (Glossina morsitans morsitans)
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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, Lepidoprera).




Piehled hmyzich hormoni

1. Ekdysteroidy
H OImo ny d - ekdyson, 20-hydroxyekdyson (20-E), makisteron A (=24-metyl-20E),
I 2-deoxyekdyson, 26-hyvdroxyekdyson a dalsi
metabolismus yekdy ydroxyekdy

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 I, II, III (pheromone biosynthesis activating neuropeptide)
. Eklozni hormon a ecdysis triggering hormone (ETH)
. Burzikon
. Faktory regulujici puparizaci much
. Diapauzni hormon
IT1. Hormony fidici pohlavni funkce
1. stimulaéni gonadotropni neurchormony (gonadotropiny):
- ovary maturing parsin (OMP)
- egg development neurohormone (EDNH) (=ovarian
ecdysteroidogenic factor)
2. inhibi¢ni neurohormony (antigonadotropiny, folikulostatiny):
- neuroparsin
- postatické hormony a TMOF (trvpsin-modulating oostatic factor)
V1. Hormony modifikujici svalovou kontrakcei (myotropni peptidy)
1. Proctolin
2. Kardiostimulaéni hormony - crustacean cardioactive peptide (CCAP)
3. Skupiny myotropnich neurchormonii - 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.

Corpus cardiacum

Fat body o Flight muscle
Adipokinetic hormone

Muscle contraction
cAMP

Triacylglyceral Energy

release

enzZyme
activation
; Free fatty
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Flight muscle
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Dalsi hormony ridi funkce ovarii, vitelogenezi,
embryogenezi,

Chovani.

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

Diapauzni hormon




Feromony — exokrinni,

vabeni opacneho pohlavi a spusteni sexualnino chovani - sexualni feromony
vabeni obou pohlavi dohromady - agregacni feromony
poplach - poplachové feromony
rozptyleni po okoli - disperzni feromony
tah - migracni feromony
synchronizace vyvoje (akcelerace nebo inhibice) - maturacni feromony
inhibice ovarii - substance kralovny

urceni kast (u larev termittl) nebo zmény v chovani
vCelich deélnic z ulovych vcCel - kojiCek-3, stavitelek-4, CistiCek-1, krmiCky-2, strazkynéb
na letavky-6. - modifikatory kast



