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Reproducao sexuada: custo com formacao de gameta

Espermatogénese
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Espermatogénese
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Variabilidade na estrutura do espermatozoide

ACrossomo: enzimas

Microtibulos

& FIGURA 26-10 O espermatozoide consiste em uma ca-
bega com enzimas e DNA, uma cauda longa e mitocdn-
drias para produzir a energia usada para o movimento
da cauda.




Reproducao sexuada: custo com formacao de gametas
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Teleosteos: presenca da micropila para a fertilizacao

Micropyle
v




PRINCIPAIS
ARACTERISTICAS




)

U Peixes

Repertério comportamental : Corte, comunicacao quimica,
migracao

*Fertilizacao externa
*Predominancia de oviparidade

*NUmero de ovos depende da estratégia reprodutiva

*Retencéo dos ovos fertilizados : viviparidade




Viviparidade em peixes

» O termo viviparo esta relacionado com embrides que sdo

nutridos diretamente pela mae;
» Fecundacao interna;
Condrichthyes prevalece a viviparidade;

eledsteos sao estimadas 510 espécies vivipa




HERMAFRODITISMO

Invertebrados — Platelmintos, hidras, anelideos, moluscos pulmonados

Vertebrados - Peixes

Hermafroditismo sequencial

i % e

: ; "_'#-.-: l:?_,.

Peixe-Palhaco (




acortee 0 “abraco”

sFertilizacdo externa na maioria, mas a interna também ocorre, com
desenvolvimento direto

*Repertorio comportamental: vocalizacao, cuidado parental (local de desova, ninhos
de espuma)

Urodelos

Fertilizacao interna (externa em 2 familias primitivas)
*Espermatoéforo

*Repertério Comportamental: Corte com movimentos corporais que
culminam na transferéncia do espermatoforo




Gymnophiona

natare Vol 44013 April 2006|dei:10.1038/nature04403

LETTERS

Parental investment by skin feeding in a caecilian
amphibian

Alexander Kupferl, Hendrik Miiller', Marta M. Antoniazzi’, Carlos Jared’, Hartmut Greven®,
Ronald A. Nussbaum® & Mark Wilkinson' 5
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Figure 1| Skin feeding in B. taitanus. a, Female with unpigmented young.
b, Various stills from video footage of a young animal peeling and eating
outermost layer of its mother’s skin. ¢, Changes in mean total length
{" = 66‘ P= le.l; I-IEH:I d}"ﬂll.l'lg {t‘?] TICaAn hd}" (II = 15‘ Figure 3 | Dentition of adult and young B. taitanus. a, Anterior view of two
P == 0,001; paired i-test) of mothers (bottom) between a first (1) and a manmfusp'xl,adu]lprmax_i!]arylnzﬂLb,I..lbh]vkwa'ﬂ.hmb.icnspid,idlﬂl
second (2) measurement after one week of parental care. Error bars show | 25 x:mﬁ;ﬂﬁ;ﬂx:ﬁkﬁf&:m
5.0, d, Labial view of a posteriar dentary tooth of this young specimen.
e, Anterior premaxillary tooth of the same specimen. f, Anterior
premaxillary tooth of a smaller specimen (tatal length 57 mm) resembling a
grappling hook. Scale bars, 30 um.




; ... saco vitelino qqees
pedinculo vitelino ,. casca

 membrana
vitelina
membrana
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Hmmos
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satelinico

Mombrana

vilellnica

O OVO AMNIOTA

= Presente em
répleis,aves e
mamiferos
primitives, permitiu
a sobrevivéncia
forad'aguae a
invasao dos

continentes.

embrfio

vileio

Amnio — simulacdo do ambiente aquéatico

Cérion — protecao e trocas gasosas

Oviparos com diferentes graus de ovoviviparidade

*Fecundacéao interna — 6érgaos copuladores

«Corte e producao de feromonios = identificacdo das espécies




*\Vocalizacao

*Posturas associadas com coloracao

sExclusivamente oviparas

*Pequeno nimero de ovos (até mesmo 1)

«Sistemas de acasalamento — monogamia (maioria) ou prosmicuidade

*Nidificacao e Incubacao

ureter

deferent duct™— {3

opening of
bursa of
Fabricius

g 0 pro-
shich secretes estradiol locally
and protects the miillerian duct on that side from MIS.




Oviparidade

Viviparidade

*Fertilizacdo necessariamente interna

*Fornecimento de alimento: placenta e lactacao

-Utero (protec&o térmica) - ndo necessitam do choco

*Cuidado Parental: numero menor de filhotes




Monotremados

Os oviparos
persistem....

Marsupiais
*Nascimento precoce

*Presenca do marsupio

Prole numerosa

Placentarios

Utero Unico
*Transferéncia materna de nutrientes: placenta e lactacéo

*Ovos reduzidos: perda da importancia do vitelo




CONTROLE DO CICLO
REPRODUTIVO EM
VERTEBRADOS




FIGURE 10-20 A combination of Figures 10-17 and 10-19 summarizes the hypothalamic-anterior-
pituitary system.

~ Hypothalamus

SS

GROWTH | TSH PROLACTIN
HORMONE = -

 Anterior pituitary

~ Many organs | Adrenal
‘and tissues cortex

Secretes
~ cortisol




HYPOTHALAMIC

ARTERY NEUROSECRETIONS FROM HYPOTHALAMUS

RELEASED INTO PRIMARY PLEXUS OF
HYPOPHYSIAL PORTAL CIRCULATION AFTER
PASSING DOWN NERVE FIBERS

HYPOPHYSIAL
ARTERY

HYPOPHYSIAL PORTAL VEINS CARRY
NEUROSECRETIONS TO ADENOHYPOPHYSIS

NEUROHYPOPHYSIS

SPECIFIC SECRETORY CELLS
OF ADENOHYPOPHYSIS
INFLUENCED BY NEURO-
SECRETIONS FROM
HYPOTHALAMUS

SKI
(MELANOCYTES)

LTH
A (PROLACTIN)

GROWTH DIABETOGENIC
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ADRENAL FACTOR

CORTEX
FAT TISSUE

BREAST M

(MILK
PRODUCTION)
BONE,

f‘ ”
MUSCLE, PANCREAS
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Arnold Berthold (1849) — Primeiro experimento em endocrinologia

Figure 1.1 Berthold’s experiment: the first endocrine experiment.

Experimental 4 '
Groups

Methods No Surgery

Both Testes Removed

$ 00

One Testis Replaced Testis Transplanted from
to Abdominal Cavity one Rooster to Another

Results

Comb and Wattles Normal
Interest in Hens

Normal Crow

Aggressive Fight Behavior

Comb and Wattles Small
No Interest in Hens
Weak Crow

Listless Fight Behavior

Same as | Sameas |




Principais esteroides gonadais

Estradiol Testosterona




Estrogenos e andrégenos

B  Androgens
OH




Corticosteroides e Progestagenos

A ettt B .
Lorticosteroids Progestogens




CH3

CH-CH2-CH2-CH2-CH-CH3




“corte” de 6 carbonos
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Sintese de estrégenos a partir de androgenos

6genos —19C

genos —18C




; Neurotransmissores
b




@®
4—
(5]
[%2]
c
()
N
o}
=
-
N

'.h_J

\ f‘ o [.eyﬁig{ium'uﬁ-l}mh

@i"




teroidogénese nas células folicule

T - — "
Fregnenolol

17,20p-dihydroxy-4-

17-Hydroxypregnenolone 17-Hydroxyprogesterone 5
SR SR pregnen-3-one

Dehydroepiandrosterone




oildogénese na célula de Leydig

Cholesterol

Pregnenolone
1 3IB-HSD
Progesterone
1 17a-OH-lase
17a-oH-progesterone

l C17-20-lylase
androstenedione

l, 17-H5D3
Testosterone
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Incipais esteroides na gametogénese dos vertebra

- Estradiol € o estrogeno mais importante em todos 0s grupos

iferos o andrégeno mais impo




Mecanismo classico de acao dos esteroide

A steroid molecule diffuses into a - As a result, the receptor
cell and binds to a receptor molecule. undergoes a change. ..

Steroid
hormone

/. Plasma
lly' membrane
|
!3

Cytoplasm

\
..that allows it to bind to a short

stretnh of DMNA called a response
element (RE) near a gene.

P The binding modifies the
- expression of that gene.




Receptores intracelulares — Ashburner et al. (1974) estudando
>disona em mosquitos (Chironomus) sugeriram a acao deste
ormonio em genes

es rapidas dos esteroides foram relatadas pela primeira vez em
s de Xenopus (Godeau et al. 1978).

Proc. Natl. Acad. Sci. USA
Vol. 75, No. 5, pp. 2353-2357, May 1978

Cell Biology

Induction of maturation in Xenopus laevis oocytes by a
steroid linked to a polymer

(mechanism of progesterone action/meiosis/plasma membrane/immobilized hormones/polyethylene oxide)

J. FRANCOIS GODEAU*, SABINE SCHORDERET-SLATKINE!, PATRICK HUBERTH,
AND ETIENNE-EMILE BAULIEU*
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A Corticosteroid Receptor in Neuronal Membranes

MiLES ORCHINIK,* THOMAS F. MURRAY, FRANK L. MOORE

teroids may rapidly alter neuronal function and behavior through poorly character-
ized, direct actions on neuronal membranes. The membrane-bound receptors mediat-
ing these behavioral responses have not been identified. [*H]Corticosterone labels a
population of specific, high-affinity recognition sites (dissociation constant = 0.51
nanomolar) in synaptic membranes from an amphibian brain. These binding sites were
localized by receptor autoradiography in the neuropil, outside the regions of perikarya.

he affinities of corticoids for this [3H]corﬁcostemne binding site were linearly related
to their potencies in rapidly suppressing male reproductive behavior. Thus, it appears
that brain membranes contain a corticosteroid rcccptor that could participate in the

ation of behavior.







Funcoes dos estrogenos

imula o desenvolvimento do endomeétrio;
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Papel dos estrogenos em machos

Céls. Leydig

’ '
Estradiol-17p
. !

(receptor nuclear) l Sertoli cell ]

. 2

Spermatogonial Renewal Factor

L = = JO
" M@_ Cj... P —

B
A —

Spermatogonial Spermatogonial
renewal proliferation

Schulz et al., (2010)



Modulacao do eixo H-H-G via feedback negativo;

PITUITARY

LH FSH

(Smith et al., 2006)




Estimula a sintese de vitelogenina hepéatica;

. e TeleostVitellogenesis
“Oogenesis”

1
i R e I P SR o B S e e

Secondary growth

Growing
follicle

Apr-May

Mar
| | L Viteliogenesis
Final maturation

(Jackson and Sullivan, 1995)




Perimétrio

9]
O
o
Ll
—
=
<
=
Ll
)
O
o




Funcao dos andrégenos
permatogénese;

acteristicas sexuais secundarias;

la 0 comportamento reprodutivo em machos;

Neonatal Pubertal
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Funcao dos Progestagenos

move as alteracdes secretdrias no endomeétrio durante a
ovulatoria, preparando o utero para nidacao;

0s espermatozoides e reacdo acrosso




Excrecao dos

Conjugation Excretion

* Glucosiduronate !
Sulfate

Fractionated Urinary Estrogens
(Early Follicular) wg/24 hrs.

El  Estrone —— 12
B2 Estradiol— 6
E3  Estriol 16




CONTROLE HIPOTALAMICO

HYPOPHYSIAL PORTAL VEINS CARRY

HYPOPHYSIAL
ARTERY NEUROSECRETIONS TO ADENOHYPOPHYSIS

NEUROHYPOPHYSIS

SPECIFIC SECRETORY CELLS
OF ADENOMYPOPHYSIS
INFLUENCED BY NEURO-
SECRETIONS FROM
HYPOTHALAMUS
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Hipotalamo

- Hormonio Liberador de Gonadotropi

Tyr Gly Leu




el o V4
equéencia de aminoacidos de formas de GnRH conhecidos em

\ /InviAalhradAc A | AAaAdA~

veilcuiadauvo © U uauvo

Aminoacidos
Anim al
1 4 5 6 7 8 9 10

Mam ifero pG Ser Tyr Gly Leu Arg Pro Gly NH,

W hitefish pG Ser Tyr Gly Pro Gly NH,
Salmon pG Ser Gly Pro Gly NH,

Sea Bream pG Ser Gly Leu Pro Gly NH,
Pejerrey pG Ser Gly Leu Pro Gly NH,
Herring pG Ser Gly Leu Pro Gly NH,

C atfish pG Ser Gly Leu Pro Gly NH,
Dogfish pG Ser Gly Pro Gly NH,
Chicken-lIl pG Ser Gly Pro Gly NH,
Lamprey-Ilil pG Ser Pro Gly NH,
Lamprey-I pG Ser Pro Gly NH,
Guinea Pig pG Ser Pro Gly NH,
Chicken-lI pG Ser Pro Gly NH,
Frog pG Ser Pro Gly NH,
Tunicata-1 pG Ser Pro Gly NH,
Tunicata-2 pG I Ser Pro Gly NH,
Tunicata-3 pG Ser Pro Gly NH,
Tunicata-4 pG Ser Pro Gly NH,
Tunicata-5 pG Ser Pro Gly NH,
Tunicata-6 pG Ser Pro Gly NH,
Tunicata-7 pG Ser Pro Gly NH,
Tunicata-8 pG Ser Pro Gly NH,
Tunicata-9 pGlu His Trp Ser Pro Gly NH;

1 2 3 4 5 6 7 8 9 10 11 12

Octopus vulgaris pGlu Asn Tyr His Phe Ser Asn Gly Trp His Pro G ly NH,
Aplysia californica pGlu Asn Tyr His Phe Ser Asn Gly Trp Tyr Ala Gly NH;

Asp: acido aspartico; Glu: acido glutamico; Arg: arginina; Lys:
alanina; Gly:

treonina; Tyr:
m etionina; Trp:

tirosina;

Ala:

triptofano; Cys: cisteina.

glisina;

V al: valina;

Leu;

leucina;

lle:

isoleucina;

Pro:

prolina;

Phe:

lisina; His: histidina; Asn: asparagina; GIn: glutamina; Ser: serina; Thr:
fenilalanina;

M et:



reptiles
birds " 1®
9O human
amphibians ®0
@O lungfish
@O0
teleosts
@0O®
chondrichthyes

cyclostomes Q) (shark)
(lamprey) () ()
\ ascidians @ OO OO
rciona) OO0
@ @ opeiGRH
cephalochordates @ ope 11 Gk

{amphioxus)

@ ipe 111 GoRH telecst fish-specific)

() Lamprey-specific GnRH

ChOI‘da’[a O Mollusks-specific GnRH (protostoms; not shown)
I () Tunicate-specific (tGnRH)

() unknow relationship




Moduladores
- Dopamina
- Kisspeptina (Kiss1/GPR54)
- Neuropeptideo Tyrosine [NFY)
- Ac. gama-amincbutirico (GABA)
- Melatonina

® sbGnRH
@® sGnRH

« cGnRH-II

CC: compo do cerebelo; Hyp: hipotalamo; MO: medula oblonga; OB: bulbo olfatdrio; OT: teto dptico; Pit hipdfise;
POA: area preoptica; SV: saco vasculoso; Tel: telencéfalo; SC: medula espinhal; VC: valvula do cerebelo:
Retirado e modificado de Zohar et . 2009




GnlH em vertebrados

General and Comparative Endocrinology 161 (2009) 30-33

)
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ENDOCRINOLOGY

Minireview

Evolutionary origin and divergence of GnlH and its homologous peptides

Kazuyoshi Tsutsui*, Tomohiro Osugi

Laborarory of inregrative Brain Sciences, Department of Biology, Waseda University Cenrer for Medical Life Science of Waseda Universiry, 2-2 Wakamarsu-cho,
Shinjuku-ku, Tokyo 162-8480, japan

Table 1
Amino acid sequences of GnlH and its homologous peptides (LPXRFamide peptides) in vertebrates.
mne Sequence Reference

Rat RFRP-1" SVTRQELKDW GAKKDIEMSPA PANKVPHSAANLELEFa Hinuma et al. (2000)
RFRP-3 ANMEAGTMSHFPSLPQRFa Ukena et al (2002)

Hamster RFRP-1" SPAPANKVPHSAANLMLRES Kriegsfeld et al, (2006 )
RFRP-3" TLSRVPSLPQRFa Kriegsfeld et al. (2006)

Bovine RFRP-1 SLTFEEVEDWAPKIKMNKPVYNEMPPSAANLELRES Fukusumi et al, (2001)
RFRP-3 AMAHLPLRLG KNRE DSLSRWWPNLPQRFa Yoshida et al. (2003)

Quail GnlH SIKPSAYLPLRES Tsutsui et al. (2000)
GnlH-RP-1 SLNFEEMKDWGSKNFMKVNTPTVNKVPNSVANLPLRFa Satake et al. (2001)
GnlH-RP-2 SSIQSLINLPORFS Satake et al (2001)

Spamow GnlH" SIKPFSMLPLRFa Osugi et al. (2004)
GrlH-RP-1" SLNFEEMEDWGSKEDIEMNPFT ASKMPNSVANLPLEFS Osugi et al. (2004)
GnlH-RP-2° SPLVEGSSQSLLNLPORFa Osugi et al. (2004)

Bullfrog fGRP SLEPAANLPLEFa Koda et al, (2002)
fGRP-RP-1 SIPNLPOER Ukena er al (2003a)
fGRP-RP-2 YLSGKT KVOSMANLPORES Ukena et al. (2003a)
fGRP-RP-3 AOYTNHFVHSLDTLPLEFa Ukena et al (2003a)

Goldfish goldfish LPXRFa-1" PTHLHANLPLRFa Sawada et al. (2002h)
goldfish LPXRFa-2" AKSNINLPOQRFa Sawada et al. (2002b)
goldfish LPXRFa-3 SGTGLSATLPORFa Sawada et al, (2002 b)
Hagfish Osugi et al, unpublished data



Stress Melatonin

\ (hamster) | | (quail)

Pituitary
Gonadotropin Reproductive
synthesis and release behavior

Fig. 1. GnlH actions within the brain and pituitary. GnlH inhibits gonadotropin
synthesis and release by directly acting on the pituitary or by inhibiting the activity
of GnRH neurons. GnlH can also inhibit reproductive behavior by possibly acting
within the brain. Stress induces the expression of GnlH in birds and mammals.
Melatonin induces the expression of GnlH in quail, whereas melatonin inhibits the
expression of GnlH in hamsters.




