Development:  The showing of progressive changes of form and function.  

After copulation takes place and the sperm meets the egg.PRIVATE 
 There are three stages to embryonic development: 1) Cell Division, 2) Differentiation, the specialization of cells, and 3) Morphogenesis, the movement of cells and tissues to convert the cell mass of the early embryo into a three dimensional form of a juvenile.

Each egg cell at the time of fertilization consists of a haploid nucleus, which is surrounded by a region of cytoplasmic substance that contains yolky material.  The cell membrane plays an important role in fertilization.

There are three types of eggs that are differentiated by the yolk quantity and distribution.

1) Birds and reptiles have the largest yolks; an ostrich egg is the largest.  Amphibians also have a relatively large yolk mass.

If the yolk is on one side of the egg, it is called telolecithal.  

2) Placental Mammals produce eggs whose yolk is evenly distributed.  The eggs are barely visible and only supply the embryo with nutritive materials for a brief period of time.  A few days after fertilization, implantation occurs in the uterine wall.  If the yolk is evenly distributed in the egg, it is called mesolecithal.

3) Arthropods have a central yolky region is surrounded by a thin layer of cytoplasm.  These eggs are centrolecithal.

The cell membrane is a supplemental transparent substance that surrounds the cell.  Mammalian eggs have a dense cell covering that is held together by a jelly like substance.

Fertilization:

About 50-100 sperm reach the egg in the oviduct.  The sperm can move at about 12.5 cm per hour, it should take several hours to reach the oviduct.   However, it takes from 30 minutes to 2 hours to each the egg due to contractions of the uterus during copulation.  Soon after the sperm touches the egg surface, the acrosome releases a hydrolytic enzymes, hyaluronidase and acrosin, that enables the acrosome to penetrate the jelly coat.  The acrosome is coated with BINDIN, a protein that binds to specific receptor molecules on the VITELLINE LAYER (Zona Pellucida), which is just outside the plasma membrane of the egg.  Dozens of sperm must release hyaluronidase and acrosin so that one sperm can reach the secondary oocyte. The plasma membrane of the sperm fuses with the plasma membrane of the egg.   The mammalian egg is covered with follicle cells that were released with the egg during ovulation called Corona Radiata.  Sperm must travel through these cells to the vitelline layer.

The outer membrane of the egg undergoes several changes:


1) It produces a barrier to prevent other sperm from entering, which prevents polyspermy.

2) The egg cytoplasm surrounding the sperm head engulfs the sperm.  The sperm head and neck region detach from the middle section.

After fusion of the plasma membranes, the nucleus of the sperm enters the cytoplasm of the egg.  The union of the gamete membranes opens ion channels that allow sodium (Na+) to flow into the egg cell, changing the membrane potential.  The membrane depolarizes and prevents other sperm cells from fusing with the cell membrane.  This is called the FAST BLOCK TO POLYSPERMY.  

The egg then responds to fertilization with a CORTICAL REACTION.  The union of the sperm and egg causes calcium to be released in the cytoplasm, secreted from the ER in the egg.  The signaling pathway leads to the production of IP3, which opens up the calcium channels on the ER.  The increased concentration of calcium causes vesicles in the cortex, the outer zone of the cytoplasm in the egg, to fuse with the cell membrane.  The vesicles release the contents through exocytosis into the perivitelline space between the cell membrane and the vitelline layer.  These secreted substances loosen the adhesive material between the cell membrane and the vitelline layer.  The resulting space swells by osmosis.  With the swelling, the vitelline layer forms a hardened FERTILIZATION MEMBRANE.  This membrane can prevent other sperm from entering.  The formation of this membrane happens about a minute after fertilization, after the voltage moves across the membrane and the membrane has returned to normal.  The development of the fertilization membrane is SLOW BLOCK POLYSPERMY.

Egg Activation:

The increase in the cytoplasmic concentration of calcium also initiates metabolic changes within the egg.  Prior to fertilization, the metabolism of the egg is slow.  A few minutes after fertilization, cellular respiration and protein synthesis rates increase.  The egg is activated.  Calcium starts the expulsion of H+ from the egg and pH changes from 6.8 to 7.3 in the cytoplasm.  This change in pH may be responsible for the metabolic changes in the egg.

Fertilization and activation are two separate functions.  Eggs can be artificially activated (by calcium injection or temperature shock) which can lead to the egg developing by PARTHENOGENESIS.  Eggs with the nucleus removed can be activated and proteins will be produced.  This means that eggs must have mRNA stockpiled prior to fertilization.

At the moment of conception, the fertilized ovum is a single egg about 0.135 mm in diameter with a mass of about 150 mg.  At the end of the first trimester, the fetus is about 75 mm long and has a mass of about 12 grams.  Four general processes must occur in the first trimester.

1) Cleavage: cell division and formation of the blastocyst.

2) Implantation: attachment of the blastocyst to the endometrium.

3) Placentation: formation of the placenta.

4) Embryogenesis: formation of the embryo.

Once activated, the secondary oocyte finishes meiosis II and becomes an ovum.  The secondary polar body is formed and soon dies and a female pronucleus is formed.  Soon the sperm nuclear membrane breaks down and releases the chromosomes into the egg cytoplasm.  This forms the male pronucleus. This pronucleus migrates to the center of the cell and spindle fibers form.  The two pronuclei fuse in a process called amphimixis.  The new cell is called a zygote.  Almost immediately, the chromosomes line up on the metaphase plate and prepare to divide.

Future of the Zygote:  First Trimester:

The zygote is one cell containing a full set of chromosomes, some cytoplasm, organelles and some food.  From this cell an organism will be formed with its specialized tissues.  As cells divide from 1 to 2 to 4 to 8 to 16, and so on. The cells reposition themselves.  Tissues interact, grow around and into each other, fusing, spreading and shifting until a recognizable organism is produced.  The key stages are Cleavage and the formation of a blastula, Gastrulation, and Organogenesis.

The zygote divides shortly after fertilization, within 30 hours; this is the first of many divisions.  Each division is preceded by DNA replication.  These divisions produce a ball of cells.  The embryo doesn't grow during this stage.  The cytoplasm of the one large cell is divided up into cells called BLASTOMERES.  The cells do not go through the G1 and G2 stages of the cell cycle.  The small cells increase the surface area to volume ratio.  In the oviduct, the eggs are fertilized and the earliest stages of development occur.  The egg moves down to the uterus and cleavage is relatively slow in mammals and the blastomeres are roughly of equal size.  

Animal eggs have a definite polarity: the ANIMAL pole and the VEGETAL pole.  The hemispheres of the zygote are named after their poles.  The animal hemisphere has MELANIN granules in the cortex and is gray in color.  The vegetal hemisphere contains the yellow yolk.  The first two cleavages are vertical and two cells in both the animal and vegetal poles are formed.  The third division is horizontal; this creates an embryo with four cells in the animal and vegetal pole.  During this time differences in cells first appear.  Prior to this, each cell was identical, they now have a different concentration of cytoplasmic determinants.

Continued cell division produces a solid ball of cells called a Morula.  The fluid filled cavity, called the blastocoel, forms within the morula.  The blastocoel is located in the blastula.  

Gastrulation:

Gastrulation is the rearrangement of cells in the blastula.  The result of gastrulation is that some of the cells at or near the surface of the hollow blastula move to a new, more interior location, thus forming a gastrula, a three-layered embryo.  The three layers are the ectoderm, mesoderm, and endoderm, which are the three embryonic germ layers.  All structure form from these three layers.  We'll look at gastrulation in a sea urchin, a frog, a bird and mammals.

Sea Urchin: The blastula of the sea urchin is one cell thick.

Gastrulation starts at the vegetal pole, and the cells slightly flatten to form a plate that buckles inward, called invagination.  Cells near the plate separate from the blastula wall and enter the blastocoel as migratory MESENCHYME CELLS.  The buckled plate now forms into a narrower pouch called the ARCHENTERON, the primitive gut.  The opening of the archenteron is the BLASTOPORE.  Eventually the archenteron forms across the blastocoel.

The embryo is now a gastrula with THREE PRIMARY GERM LAYERS.  From outside to inside the three layers are the ectoderm, the mesoderm (from the migrating mesenchyme cells), and the endoderm.  From these three layers all of the organs will develop.

Frog Cell:  The blastula is more than one cell thick.  The vegetal cells are full with yolk.

The first sign of gastrulation is a small crease, formed by BOTTLE CELLS, on the blastula.  These cells will burrow inwards, producing an invagination, which is the DORSAL LIP of the blastopore.  The INVOLUTION happens with the cells on the surface of the embryo roll over the edge of the dorsal lip and into the interior of the embryo and continues to migrate on the roof of the blastocoel.  The dorsal lip will increase in size and form a circle, which is then filled with a yolk plug.  With the moving of cells, the blastocoel is nearly filled with cells.  Now organs begin to form.

Birds: 

The yolk is the egg cell swollen with food.  The egg cell is surrounded by a protein rich solution (egg whites), which provides additional nutrients for the embryo.  The cleavage of the fertilized egg happens outside the yolk.  The animal pole of the egg will divide to form a BLASTODISC.  Cleavage continues and the blastodisc cells are sorted, a blastocoel and blastula are formed somewhat differently than in frogs.

Gastrulation in birds also involves cells moving from the surface to an interior location.  The embryo forms a flattened gastrula called a primitive streak.  The bird now has three germ layers from which organogenesis proceeds.

Organogenesis:

Organs form from the primary germ layers. The first organs to form are the neural tube and notochord.  The notochord forms just above the archenteron from the dorsal mesoderm, and the neural tube forms above the developing notochord as a plate of dorsal ectoderm.  The neural plate coils itself into a tube and will become the brain and spinal cord, the central nervous system.  Along the embryos anterior-posterior axis, the notochord elongates.  The notochord serves as the model, which mesodermal cells will use to form the vertebrae.  Strips of mesodermal cells, called somites, are arranged on both sides of the notochord and will form the vertebrae and muscles of the axial skeleton.  Next to the somites are mesoderm cells that will become the lining of the coelom.

Ectoderm will become the external covering and associated glands, the inner ear, and the eye lens.  Mesoderm will become the notochord, lining of the coelom, muscles, skeleton, gonads, kidneys and most of the circulatory system.  Endoderm will become the lining of the digestive tract and gives rise to the outpockets of the archenteron-- liver, pancreas, lungs.  The ectoderm also forms the neural crest.  These cells migrate to various parts of the embryo forming pigment cells in skin, forming some muscles of the skull, teeth, medulla of the adrenal glands, and peripheral components of the nervous system.

Mammalian Development:  First trimester:

After seven days, the embryo has 100 cells and the embryo is a BLASTOCYST.  At one end of the blastocyst is a group of cells called the INNER CELL MASS that will become the EMBRYO and provide some EXTRAEMBRYONIC MEMBRANES.  The outer epithelium is called the TROPHOBLAST.  The trophoblast, with mesodermal tissue, will form the fetal part of the placenta.  The formation of the placenta takes about a month.  The yolk in the egg feeds the embryo. Methylation of the genes is removed during the creation of the blastocyst.  However, the cells are remethylated during gastrulation.  One problem with cloning is the demethylation that occurs during the formation of the blastocyst.

The embryo reaches the uterus as a blastocyst and ready to implant.  The trophoblast secretes an enzyme, hyaluronidase that allows the blastocyst to implant into the uterine lining. Capillaries in the endometrium have worn away leaving a blood pool that surrounds the blastocyst.  The trophoblast extends fingerlike projections into the maternal tissue, and from this the placenta will form.  On chromosome 15, in the sperm, are the genes responsible for the placenta.  On chromosome 15, in the egg, are genes responsible for the embryo.  The placenta is a fetal organ designed to parasitize the maternal blood supply.  It bores into the mothers blood vessels, forces the blood vessels to dilate, and produces hormones that increases the mother’s blood pressure and sugar levels.  The mother’s insulin also needs to increase to combat the invasion.

The trophoblast also produces Human Chorionic Gonadotropin. HCG acts like LH and keeps progesterone and estrogen levels high.  If progesterone decreases, menstruation begins.  The levels of HCG are so high that some is excreted in the urine and can be detected with a pregnancy test.  The increased levels of progesterone cause formation of mucus plug in the cervix, growth of maternal part of the placenta, enlargement of the uterus, cessation of ovulation and menstrual cycle, and the rapid enlargement of the breasts.  The increased levels of HCG will often make the woman sick—called morning sickness (that can be morning, noon, and night sickness).  This happens around week 6 and won’t stop to about week 16 (about).  

The inner cell mass will form a flat embryonic disc which will develop into the embryo.  Once the blastula forms, gastrulation occurs with the inward movement of cells from the upper layer through a primitive streak.  Gastrulation will form the mesoderm and the endoderm.

Gastrulation:

Gastrulation is the rearrangement of cells in the blastula.  The result of gastrulation is that some of the cells at or near the surface of the hollow blastula move to a new, more interior location, thus forming a gastrula, a three-layered embryo.  The three layers are the ectoderm, mesoderm, and endoderm, which are the three embryonic germ layers.  All structure form from these three layers.  

The chorion develops from the trophoblast and surrounds the embryo.  The amnion encloses the embryo in a fluid filled cavity, which protects the embryo/fetus.  The yolk sac has no yolk but produces blood cells, which later migrate into the embryo.  The allantosis is incorporated into the umbilical cord and organogenesis begins.

Placentation: 

Initially, the entire blastocyst is surrounded by chorionic villi, which grows from the trophoblast into the endometrium.  The outer part of the trophoblast becomes the chorion.  The chorion continues to enlarge like a balloon.  By the fourth week, all the structures are suspended with in the fluid filled chamber.  The chorionic villi will form the placenta, but it cannot enlarge indefinitely.

The increase in size of the placenta causes part of the endometrium to bulge outward.  This part is called the decidua capsularis, which doesn’t provide the baby with any nutrients.  The placenta functions have been concentrated to a region called the decidua basalis.  As the placenta continues to develop, you‘ll see the formation of the umbilical cord.  The cord carries arteries and veins that move the between the baby and the placenta.  Remember, there is no direct contact between the baby’s blood and mom’s blood.  Wastes are carried to the chorionic villi, dumped into the surrounding tissue, where they will enter mom’s blood (thru capillaries).  Mom’s blood carries nutrients, oxygen, antibodies…and dumps them in the tissue surrounding the chorionic villi.  The nutrients, oxygen, antibodies…will enter the baby’s capillaries and move into the baby through the umbilical cord.

The placenta also provides several different hormones:

1) Human Chorionic Gonadotropin: HCG has been discussed earlier.

2) Human Placental Hormone: HPH helps prepare mammary glands to produce milk.

3) Relaxin: a peptide hormone that increases the flexibility in hips so that they can expand during delivery.  Relaxin also causes the dilation of the cervix and suppresses the release of oxytocin from the anterior pituitary.

4) Progesterone and Estrogen: After the first trimester, the placenta produces enough progesterone to maintain the uterine lining.  By the end of the 3rd trimester, the production of estrogen increases.

Embryogenesis: 

Soon after gastrulation, we will see the formation of the embryo, this occurs during the formation of organs and tissues through cell specialization.

Organogenesis, which is the development of the baby organs, occurs.  At the fourth week, the embryo's heart beats.  At the eighth week, all structures of the adult are present in some form.  The embryo is now called a fetus. The fetus is only 5 or 6 cm long.
Organs form from the primary germ layers. The first organs to form are the neural tube and notochord.  The notochord forms just above the archenteron from the dorsal mesoderm, and the neural tube forms above the developing notochord as a plate of dorsal ectoderm.  The neural plate coils itself into a tube and will become the brain and spinal cord, the central nervous system.  Along the embryos anterior-posterior axis, the notochord elongates.  The notochord serves as the model, which mesodermal cells will use to form the vertebrae.  Strips of mesodermal cells, called somites, are arranged on both sides of the notochord and will form the vertebrae and muscles of the axial skeleton.  Next to the somites are mesoderm cells that will become the lining of the coelom.

Ectoderm will become the external covering and associated glands, the inner ear, and the eye lens.  Mesoderm will become the notochord, lining of the coelom, muscles, skeleton, gonads, kidneys and most of the circulatory system.  Endoderm will become the lining of the digestive tract and gives rise to the outpockets of the archenteron-- liver, pancreas, lungs.  The ectoderm also forms the neural crest.  These cells migrate to various parts of the embryo forming pigment cells in skin, forming some muscles of the skull, teeth, medulla of the adrenal glands, and peripheral components of the nervous system.

How organs develop: Two basic concepts.

1) The organization of the cytoplasm of the unfertilized egg causes regional differences in the early embryo development of many animal species.  Unequal distribution of cytoplasmic determinants (compounds in the cell) leads to differences between cells of the early embryo.

2) How the cells interact with each other.  A cell of an embryo can affect cytoplasmic changes that will affect the gene expression of neighboring cells.  Chemical signals or membrane interactions can cause these changes.  The interactions between neighboring cells (the products that cells produce) can induce changes in gene expression. These interactions can cause other cells to specialize.

Factors in Development: 

1) Polarity of the Embryo:

Bilateral animals have an anterior/posterior axis, dorsal/ventral axis, and a right and left side.  The basic polarity, in humans and mammals, is not determined until after cleavage.  In other species, however, the polarity is established at fertilization.  The location of the animal and vegetal pole helps determine anterior/posterior body axis.  The gray crescent helps determine dorsal/ventral axis.

2) Localized Cytoplasmic Determinants:

Organization of the egg cytoplasm has an impact and influence on early animal development.  If the cytoplasmic substances are not evenly distributed in the egg, the blastomeres will differ in cytoplasmic components.  These substances in the blastomeres are the cytoplasmic determinants that determine the developmental fates of the different parts of the embryo by controlling gene expression.

3) Mosaic and Regulative Development:

Depending on when the blastomeres lose their TOTIPOTENCY, the ability of a cell to retain the potential to form all parts of the animal; will determine if the development can be described as mosaic or regulative.  In many species only the zygote remains totipotent.  Mammal cells lose their totipotency when they form the trophoblast and inner cell mass.  Up to the eight-cell state.  The blastomeres of the embryo look alike, and each can form a complete embryo if isolated.  However the progressive restriction of potency is a general feature of development.  Some cells lose their potency early, while other cells lose their potency later.

Mosaic: cells develop earlier; each cell rigidly produces specific parts of the embryo.  Regulative: cells are totipotent longer and their fates can be altered in animal development. Fate Maps and Analysis of Cell Lineages:  For cells that are defined early in development, we should be able to determine which parts of the embryo will be derived from each region of the blastula.  This can be done now.  

4) Morphogenetic Movements:

Movement of cells and changes in cell shape are important in animal development.  These involve three properties of cells: Extension, Contraction and Adhesion.  These changes in shape involve the reorganization of the cytoskeleton.

Extension and contraction usually involve the reorganization of the cytoskeleton, for example, the formation of the neural tube and neural plate, invaginations and evaginations.  Ameboid movements are also important in gastrulation and neural crest dispersal.

The extra cellular matrix helps guide cells in their movements.  This matrix includes adhesive substances and films that direct cells on a route. For example, FIBRONECTINS help cells adhere to a surface as they migrate.  Intracellular glue holds certain cells together as tissues and organs are shaped.  Cell adhesion molecules (CAMs) contribute to cell migration and stable tissue structure.  CAMs are located on the surface of cells.  CAMs vary in either amount or chemical composition from one type of cell to another.  This may help in the regulation of cell movements.

5) Induction:  The ability of one cell group to influence the development of another group of cells is called induction.  For example, some cells produce ACTIVIN, which is a chemical signal that causes cells to move inward through the dorsal lip. Review: Gene regulation in eukaryotic cells.

6) Differentiation: As tissues and organs form, cells begin to specialize.  The beginning of cell differentiation is the appearance of tissues producing specific proteins.  During differentiation cells become specialists, producing certain proteins.  Review: Gene regulation in eukaryotic cells.

7) Pattern Formation:  The shaping of an animal and its individual parts involves pattern formation.  This involves the forming of a body form with the specialized organs and tissues.  In the early embryo, the animal’s basic body plan is formed before the specialized tissues or organs appear.  The cells in the specific locations start to specialize and can affect the formation of neighboring cells.

Positional Development: genes that regulate the development must respond to some kind of positional information, these indicates a cell's location and relative positions to other cells.

Cells must receive and interpret environmental cues that vary from one location to another.  One possibility is a chemical signal called a morphagen, which varies in concentration along a gradient.

8) Homeotic Genes control the overall body plan of an animal.  They control the fate of a group of cells.  There are segments of DNA that have an identical sequence, a HOMEOBOX.  The homeobox sequences produce a peptide sequence of 60 amino acids called HOMEODOMAINS.  These bond to specific DNA sequences.  They activate or repress transcription by binding to enhancer regions of DNA.

On chromosome 12 there is a Homeobox which is about 180 base pairs long called the Homeotic gene.  The asymmetrical distribution of chemicals will give you a head and rear.  The homeoboxes will compartmentalize the organism.  The genes in each compartment polarize each compartment into front and rear and other genes make the compartments more specialized.

These sequences have been conserved in evolution and are almost identical across a wide variety of organisms.

In the second trimester the fetus grows rapidly to about 30 cm long, about .64 kg, and is quite active. The hormone levels stabilize as HCG declines and the corpus luteum breaks down.  The placenta secretes own progesterone, and the uterus grows.

In the third trimester there is rapid growth of fetus to 3-3.5 kg and 50 cm in length.  The fetal activity decreases as the fetus takes up more space.  The mother’s abdominal organs are compressed and displaced, leading to frequent urination, digestive blockage and strain of the back muscles.  The baby is usually viable during the third trimester.

Maternal Systems: These changes occur due to pregnancy:

· Maternal respiration rate and tidal volume increases.  The baby needs the extra oxygen.

· Maternal blood volume increases, renin and erythropoietin are produced to increase the amount of RBC the mother will carry.

· Maternal requirements for nutrients and vitamins increase by 10-30%.

· Maternal glomerular filtration rate increases by about 50%.  There is an increase in blood pressure due to an increase in blood volume.  The mother must also accelerate the rate in which she gets rid of wastes, due to the need to get rid of the baby’s waste.  There will be an increase in urination frequency.

· Uterus increases in size. It changes from 7.5 cm in length and 30-40 grams to 30 cm in length and 1,100 grams in mass. The uterus may contain about 5 liters of fluid and has a mass of about 10 kg.

· Mammary glands will increase in size.  In order for this to happen, the female needs a combination of hormones: HPL, Prolactin, Estrogen, Progesterone, Growth Hormone, and Thyroxine.  At the end of the 6th month, the breasts are fully developed.

Birth: Parturition.

A series of strong, rhythmic contractions of the uterus (labor) pushes the baby out.  Prostaglandins from the uterus, oxytocin from the posterior pituitary and nerves regulates labor contractions.

Hypothesis on what signals it’s time to go: Thre is a lung protein called surfactant protein-A (SP-A) that the lungs form when they are fully formed.  When there is a high concentration of fetal SP-A, labor usually begins.  How?  The SP-A may activate the fetal macrophages.  These macrophages will leave the amniotic sac and travel to the uterus.  Once in the uterus, the macrophages attack the cells causing an inflammatory response.  Labor begins in response to the attack.

The first stage of labor is the opening or dilation of the cervix to 10 cm in diameter.  Uterine muscles will begin to contract.  The contractions initially are weak, but they will increase in intensity. The first stage of labor can last up to 12 hours (and sometimes longer).  Often times, the first stage of labor begins with the breaking of the amnionic sac, which can spill amnionic fluid.  This is when the ‘water breaks.’  Complete dilation, to 10 cm, completes the first stage.  The uterus begins to contract to position the embryo for expulsion.  

The second stage of labor is the actual birth.   This can last up to two hours.  During this process, there may be a need to increase the size of the vaginal introitus through an episiotomy.  

The third stage is the expulsion of the placenta.  The uterus will continue to contract to a smaller/normal size.  This helps close off the blood vessels that were open when the placenta separated from the endometrium.  This helps the uterus stop bleeding.

Lactation occurs after birth.  Progesterone decreases and prolactin is secreted which stimulates milk production after 2-3 days.  During the first few days, the baby is receiving colustrum from the mother.  The colustrum is a protein cocktail that contains antibodies to help with the baby’s immune system.  The baby will lose 10% of its body weight within the first few days, but that weight is all the loss of the brown fat.

As the baby nurses, the mother is producing antibodies and feeding the antibodies to the baby.  The mother kisses the baby; the mom picks up any antigen on the baby’s skin.  The antibodies are made in response to the antigens; the antibodies are passed on through nursing.
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