Programa de hoje:

1. Aula teorica de Fertilizacao e clivagem (1h)
2. Atividade pratica de clivagem (30 min)

3. Mini-simposio de regeneracao de planarias (1h30)



FERTILIZACAO
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Estrutura do ovo de ouri¢o antes da fertilizacao
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Desenvolvimento anormal no ovo dispermico de ouri¢o (Parte 1) - POLISPERMIA
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Desenvolvimento anormal no ovo dispermico de ourico (Parte 2) - POLISPERMIA

(F)

@&

bV — Disintegrating cells;

death of embryo
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Desenvolvimento anormal no ovo dispermico de ourico (Parte 2) - POLISPERMIA

DEVELOPMENTAL BIOLOGY, Eighth Edition, Figure 7.16 (Part 3) © 2006 Sinauer Associates, Inc.



TABLE 7.1 Events of sea urchin fertilization

Event

Approximate time
postinsemination?

EARLY RESPONSES

Sperm-egg binding

Fertilization potential rise (fast block to polyspermy)
Sperm-egg membrane fusion

Calcium increase first detected

Cortical granule exocytosis (slow block to polyspermy)

LATE RESPONSES

Activation of NAD kinase

Increase in NADP* and NADPH
Increase in O, consumption

Sperm entry

Acid efflux

Increase in pH (remains high)

Sperm chromatin decondensation
Sperm nucleus migration to egg center
Egg nucleus migration to sperm nucleus
Activation of protein synthesis
Activation of amino acid transport
Initiation of DNA synthesis

Mitosis

First cleavage

0 seconds
within 1 sec
within 1 sec
10 sec
15-60 sec

starts at 1 min
starts at 1 min
starts at 1 min
1-2 min

1-5 min

1-5 min

2-12 min

2-12 min

5-10 min

starts at 5-10 min
starts at 5-10 min
20-40 min

60-80 min

85-95 min

Main sources: Whitaker and Steinhardt 1985; Mohri et al. 1995.

*Approximate times based on data from S. purpuratus (15-17°C), L. pictus (16-18°C), A. punctulata (18-20°C), and
L. variegatus (22-24°C). The timing of events within the first minute is best known for Lyfechinus variegatus, so

times are listed for that species.
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TABLE 7.1 Events of sea urchin fertilization

Event

Approximate time
postinsemination®

EARLY RESPONSES

Sperm-egg binding

0 seconds

Fertilization potential rise (fast block to polyspermy)
Sperm-egg membrane fusion

Calcium increase first detected

Cortical granule exocytosis (slow block to polyspermy)

LATE RESPONSES

Activation of NAD kinase

Increase in NADP* and NADPH
Increase in O, consumption

Sperm entry

Acid efflux

Increase in pH (remains high)

Sperm chromatin decondensation
Sperm nucleus migration to egg center
Egg nucleus migration to sperm nucleus
Activation of protein synthesis
Activation of amino acid transport
Initiation of DNA synthesis

Mitosis

First cleavage

within 1 sec
within 1 sec
10 sec
15-60 sec

starts at 1 min
starts at 1 min
starts at 1 min
1-2 min

1-5 min

1-5 min

2-12 min

2-12 min

5-10 min

starts at 5-10 min
starts at 5-10 min
20-40 min

60-80 min

85-95 min

Main sources: Whitaker and Steinhardt 1985; Mohri et al. 1995.

*Approximate times based on data from S. purpuratus (15-17°C), L. pictus (16-18°C), A. punctulata (18-20°C), and
L. variegatus (22-24°C). The timing of events within the first minute is best known for Lyfechinus variegatus, so

times are listed for that species.
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Esperma de ourico




Quimiotaxia no esperma do ourico Arbacia punctulata (Part el)

Molécula de quimioatraco: resact
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Quimiotaxia no esperma do ourico Arbacia punctulata (Parte 2)

Molécula de quimioatraco: resact
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Modelo de peptideos de quimiotaxis no esperma de ourico
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TABLE 7.1 Events of sea urchin fertilization

Event

Approximate time
postinsemination®

EARLY RESPONSES

Sperm-egg binding

0 seconds

Fertilization potential rise (fast block to polyspermy)

within 1 sec

Sperm-egg membrane fusion

within 1 sec

Calcium increase first detected
Cortical granule exocytosis (slow block to polyspermy)

LATE RESPONSES

Activation of NAD kinase

Increase in NADP* and NADPH
Increase in O, consumption

Sperm entry

Acid efflux

Increase in pH (remains high)

Sperm chromatin decondensation
Sperm nucleus migration to egg center
Egg nucleus migration to sperm nucleus
Activation of protein synthesis
Activation of amino acid transport
Initiation of DNA synthesis

Mitosis

First cleavage

10 sec
15-60 sec

starts at 1 min
starts at 1 min
starts at 1 min
1-2 min

1-5 min

1-5 min

2-12 min

2-12 min

5-10 min

starts at 5-10 min
starts at 5-10 min
20-40 min

60-80 min

85-95 min

Main sources: Whitaker and Steinhardt 1985; Mohri et al. 1995.

*Approximate times based on data from S. purpuratus (15-17°C), L. pictus (16-18°C), A. punctulata (18-20°C), and
L. variegatus (22-24°C). The timing of events within the first minute is best known for Lyfechinus variegatus, so

times are listed for that species.
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Sumario dos eventos que levam a fusdo das membranas plasmaticas do ovo e do esperma em ourico e camundongo

membrane layer pellucida fembrane

. . 7 .

(1) Sperm contacts Centriole Actin (1) Sperm activated by female
jelly layer \ Vitelline reproductive tract
;:;F \ envelope { W
~— Flagellum Nucleus Acrosome
Nucleus  “Acrosome &
(2) Acrosome reaction Acrosomal process (2) Sperm binds to zona pellucida
= =

(3) Digestion of jelly layer . (3) Acrosome reaction

(4) Binding to vitelline envelope (4) Sperm lyses hole in zona

=== P

(5) Fusion of acrosomal process

membrane and egg membrane J (5) Sperm and egg membranw
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A reacao do acrossoma no esperma de ourico do mar (Parte 1)
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membrane
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A reacéo do acrossoma no esperma de ourico do mar (Parte 2)
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A reacao do acrossoma no esperma de hamster
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Entrada do esperma no ovo de um hamster (Parte 2)
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Localizacao da bindina no prolongamento acrossomal (Parte 2)

(B) Bindin (C) Vitelline envelope Acrosomal
of egg process
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Ligacao espécie-especifica do prolongamento acrossomal a superficie do ovo em ouricos do mar
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Receptores de bindina no ovo

(A) (B)
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Entrada do esperma no ovo de um hamster

(A) (B)

(©)
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Zona de ligacao do esperma em camundongo
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Proteina 3 da zona pellucida de camundongo se liga ao esperma
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TABLE 7.1 Events of sea urchin fertilization

Event

Approximate time
postinsemination®

EARLY RESPONSES
Sperm-ege binding

0 seconds

Fertilization potential rise (fast block to polyspermy)

within 1 sec

Sperm-egg membrane fusion
Calcium increase first detected
Cortical granule exocytosis (slow block to polyspermy)

LATE RESPONSES

Activation of NAD kinase

Increase in NADP* and NADPH
Increase in O, consumption

Sperm entry

Acid efflux

Increase in pH (remains high)

Sperm chromatin decondensation
Sperm nucleus migration to egg center
Egg nucleus migration to sperm nucleus
Activation of protein synthesis
Activation of amino acid transport
Initiation of DNA synthesis

Mitosis

First cleavage

within 1 sec
10 sec
15-60 sec

starts at 1 min
starts at 1 min
starts at 1 min
1-2 min

1-5 min

1-5 min

2-12 min

2-12 min

5-10 min

starts at 5-10 min
starts at 5-10 min
20-40 min

60-80 min

85-95 min

Main sources: Whitaker and Steinhardt 1985; Mohri et al. 1995.

*Approximate times based on data from S. purpuratus (15-17°C), L. pictus (16-18°C), A. punctulata (18-20°C), and
L. variegatus (22-24°C). The timing of events within the first minute is best known for Lyfechinus variegatus, so

times are listed for that species.
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Proposta via de ativacao do ovo de ourico
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Potencial de membrana dos ovos de ourigo antes e depois da fertilizacao (Parte 1)
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a dos ovos de ouri¢co antes e depois da fertilizacao (Parte 2)

¥

Na+) Meio com pouco sodio (120 mM)

PR o v e L 2L

ontrole (490 mM

DEVELOPMENTAL BIOLOGY, Eighth Edition, Figure 7.17 (Part 2) © 2006 Sinauer Associates, Inc.



Potencial de membrana dos ovos de ourico antes e depois da fertilizac&do (Parte 3)

D) Percentage of
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TABLE 7.1 Events of sea urchin fertilization

Event

Approximate time
postinsemination®

EARLY RESPONSES

Sperm-egg binding

Fertilization potential rise (fast block to polyspermy)
Sperm-egg membrane fusion

0 seconds
within 1 sec
within 1 sec

Calcium increase first detected

10 sec

Cortical granule exocytosis (slow block to polyspermy)

LATE RESPONSES

Activation of NAD kinase

Increase in NADP* and NADPH
Increase in O, consumption

Sperm entry

Acid efflux

Increase in pH (remains high)

Sperm chromatin decondensation
Sperm nucleus migration to egg center
Egg nucleus migration to sperm nucleus
Activation of protein synthesis
Activation of amino acid transport
Initiation of DNA synthesis

Mitosis

First cleavage

15-60 sec

starts at 1 min
starts at 1 min
starts at 1 min
1-2 min

1-5 min

1-5 min

2-12 min

2-12 min

5-10 min

starts at 5-10 min
starts at 5-10 min
20-40 min

60-80 min

85-95 min

Main sources: Whitaker and Steinhardt 1985; Mohri et al. 1995.

*Approximate times based on data from S. purpuratus (15-17°C), L. pictus (16-18°C), A. punctulata (18-20°C), and
L. variegatus (22-24°C). The timing of events within the first minute is best known for Lyfechinus variegatus, so

times are listed for that species.
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Proposta via de ativacao do ovo de ourico
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Os papéis dos fosfatos de inositol na liberacéo de calcio do reticulo endoplasmatico e o inicio do

desenvolvimento
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TABLE 7.1 Events of sea urchin fertilization

Event

Approximate time
postinsemination®

EARLY RESPONSES

Sperm-egg binding

Fertilization potential rise (fast block to polyspermy)
Sperm-egg membrane fusion

Calcium increase first detected

0 seconds
within 1 sec
within 1 sec
10 sec

Cortical granule exocytosis (slow block to polyspermy)

15-60 sec

LATE RESPONSES

Activation of NAD kinase

Increase in NADP* and NADPH
Increase in O, consumption

Sperm entry

Acid efflux

Increase in pH (remains high)

Sperm chromatin decondensation
Sperm nucleus migration to egg center
Egg nucleus migration to sperm nucleus
Activation of protein synthesis
Activation of amino acid transport
Initiation of DNA synthesis

Mitosis

First cleavage

starts at 1 min
starts at 1 min
starts at 1 min
1-2 min

1-5 min

1-5 min

2-12 min

2-12 min

5-10 min

starts at 5-10 min
starts at 5-10 min
20-40 min

60-80 min

85-95 min

Main sources: Whitaker and Steinhardt 1985; Mohri et al. 1995.

*Approximate times based on data from S. purpuratus (15-17°C), L. pictus (16-18°C), A. punctulata (18-20°C), and
L. variegatus (22-24°C). The timing of events within the first minute is best known for Lyfechinus variegatus, so

times are listed for that species.
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Reticulo endoplsmatico ao redor dos granulos corticais em ovos de ourico

Cortical granule ~ Endoplasmic reticalum  Canales Ca+ dependientes
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Exocitose dos granulos corticais (Parte 3)
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Exocitose dos granulos corticais (Parte 1)
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Exocitose dos granulos corticais (Parte 2)
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Formacéo do envelope de fertilizacdo e remocéo do excesso de esperma
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TABLE 7.1 Events of sea urchin fertilization

Event

Approximate time
postinsemination®

EARLY RESPONSES

Sperm-egg binding

Fertilization potential rise (fast block to polyspermy)
Sperm-egg membrane fusion

Calcium increase first detected

Cortical granule exocytosis (slow block to polyspermy)

LATE RESPONSES

Activation of NAD kinase
Increase in NADP* and NADPH
Increase in O, consumption

0 seconds
within 1 sec
within 1 sec
10 sec
15-60 sec

starts at 1 min
starts at 1 min
starts at 1 min

Sperm entry 1-2 min
Acid efflux 1-5 min
Increase in pH (remains high) 1-5 min
Sperm chromatin decondensation 2-12 min
Sperm nucleus migration to egg center 2-12 min
Egg nucleus migration to sperm nucleus 5-10 min

Activation of protein synthesis
Activation of amino acid transport
Initiation of DNA synthesis
Mitosis

First cleavage

starts at 5-10 min
starts at 5-10 min
20-40 min
60-80 min
85-95 min

Main sources: Whitaker and Steinhardt 1985; Mohri et al. 1995.

*Approximate times based on data from S. purpuratus (15-17°C), L. pictus (16-18°C), A. punctulata (18-20°C), and
L. variegatus (22-24°C). The timing of events within the first minute is best known for Lyfechinus variegatus, so

times are listed for that species.
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Migracao e fuséo dos pré-nucleos
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Eventos nucleares na fertilizagc&o de ourico (Parte 2)
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Eventos nucleares na fertilizagcéo de ourico (Parte 3)
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Movimentos pro-nucleares durante a fertilizacdo humana
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TABLE 7.1 Events of sea urchin fertilization

Event

Approximate time
postinsemination®

EARLY RESPONSES

Sperm-egg binding

Fertilization potential rise (fast block to polyspermy)
Sperm-egg membrane fusion

Calcium increase first detected

Cortical granule exocytosis (slow block to polyspermy)

LATE RESPONSES

Activation of NAD kinase

Increase in NADP* and NADPH
Increase in O, consumption

Sperm entry

Acid efflux

Increase in pH (remains high)

Sperm chromatin decondensation
Sperm nucleus migration to egg center
Egg nucleus migration to sperm nucleus

0 seconds
within 1 sec
within 1 sec
10 sec
15-60 sec

starts at 1 min
starts at 1 min
starts at 1 min
1-2 min

1-5 min

1-5 min

2-12 min
2-12 min
5-10 min

Activation of protein synthesis

starts at 5-10 min

Activation of amino acid transport
Initiation of DNA synthesis
Mitosis

First cleavage

starts at 5-10 min
20-40 min
60-80 min
85-95 min

Main sources: Whitaker and Steinhardt 1985; Mohri et al. 1995.

*Approximate times based on data from S. purpuratus (15-17°C), L. pictus (16-18°C), A. punctulata (18-20°C), and
L. variegatus (22-24°C). The timing of events within the first minute is best known for Lyfechinus variegatus, so

times are listed for that species.
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A exploséo de sintese proteica na fertilizacdo usa mMRNAs armazenados no citoplasma do odcito
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TABLE 7.1 Events of sea urchin fertilization

Event

Approximate time
postinsemination?

EARLY RESPONSES

Sperm-egg binding

Fertilization potential rise (fast block to polyspermy)
Sperm-egg membrane fusion

Calcium increase first detected

Cortical granule exocytosis (slow block to polyspermy)

LATE RESPONSES

Activation of NAD kinase

Increase in NADP* and NADPH
Increase in O, consumption

Sperm entry

Acid efflux

Increase in pH (remains high)

Sperm chromatin decondensation
Sperm nucleus migration to egg center
Egg nucleus migration to sperm nucleus
Activation of protein synthesis
Activation of amino acid transport
Initiation of DNA synthesis

Mitosis

First cleavage

0 seconds
within 1 sec
within 1 sec
10 sec
15-60 sec

starts at 1 min
starts at 1 min
starts at 1 min
1-2 min

1-5 min

1-5 min

2-12 min

2-12 min

5-10 min

starts at 5-10 min
starts at 5-10 min
20-40 min

60-80 min

85-95 min

Main sources: Whitaker and Steinhardt 1985; Mohri et al. 1995.

*Approximate times based on data from S. purpuratus (15-17°C), L. pictus (16-18°C), A. punctulata (18-20°C), and
L. variegatus (22-24°C). The timing of events within the first minute is best known for Lyfechinus variegatus, so

times are listed for that species.
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