Exercise 6: Neurogenesis: 
33-Hour and 48-Hour Chick Embryos
Student Learning Objectives.
1. Students will extend their investigation of development into neurulation, the stage where the ectoderm begins differentiating into recognizable, but rudimentary, neural structures
2. Students will observe embryonic neurulation in 33- and 48-hour chick embryos by preparing live specimens for observation, observing prepared whole mounts and examining serial transverse sections.
3. Students will observe embryonic neurulation in the 4mm frog embryo by observing prepared whole mounts, examining selected transverse sections and serial sagittal sections and comparing these to models of frog development.
4. In a larger sense, students will gain an understanding of the progression of body formation along the primary body axes, particularly the anterior-posterior axis. 

Introduction

In this laboratory you will examine live chick embryos which are in the first two days of development.

The developing chick spends about 21 days in the shell between egg laying and hatching.  The embryo is a blastula at the time of egg laying. After the egg is laid, development stops until the temperature of the eggs is raised to 40 C (100 F).  This temperature is reached when the hen sits on her eggs. In the laboratory, the incubator takes her place.  Developing eggs must be turned every 4 or 5 hours, and a mechanical egg turner substitutes for the hen.

Chick Development Stages.  In 1951, Hamburger and Hamilton established a standard table of stages of chick development.  We will use a version of the HH staging table in this lab.  A staging table divides embryonic development based on observable features. The time (age) at each stage is an average among many embryos since the timing of development is variable.  A key feature of staging is the regular (clocklike) addition of somites to the embryo in an anterior-posterior sequence.

Many of the developmental changes in the chick embryo during its first 96 hours (after incubation begins) are almost identical with the events occurring in other vertebrates, including mammals.  By the end of the fourth day of incubation, the embryo has all organs in miniaturized form.  At this stage, the chick embryo is nearly indistinguishable from the mammal embryo at a similar stage.  After the fourth day, the characteristics specific to an avian begin to appear. 

Vertebrate Neurulation. The 33-hr chick is at about the same state of development as the 4-mm frog embryo.  The chick embryo is lying flat on a large mass of yolk, and the endoderm has not been completely encircled by the mesoderm at 33 hours. In contrast, the frog embryo is rounded in form, and its mesoderm and mesoderm-derived tissues fully enclose and wrap the endoderm and endoderm-derived structures. 

Organogenesis begins with neurulation, the formation of the neural tube from the ectoderm. The ectodermal layer of the gastrula stage embryo forms primarily the nervous system, the derivatives of the neural crest and the skin and its derivatives. The portion that gives rise to the nerves and the migratory neural crest cells is called the neural plate. At the end of gastrulation the ectoderm is two layers thick throughout much of its area, and the region overlaying the archenteron roof is called the neural ectoderm. After gastrulation this region of the ectoderm is stimulated to thicken and form the neural plate. The neural plate then undergoes folding to produce a tube along the length of the archenteron. In the 33 hour chick and 4 mm frog the anterior end of the neural tube has enlarged into the three primary vesicles of the brain, prosencephalon (forebrain), mesencephalon (midbrain) and rhombencephalon (hindbrain).  Their cavities are the prosocoel, mesencoel, and rhombocoel, respectively. The cavity within the entire nervous system is the neurocoel, and it is continuous throughout. Some embryos may display the secondary vesicles of the brain. 


During neurulation there are also developmental events occuring in the endoderm and mesoderm. Lateral to the notochord are the somites which will form muscle.  The archenteron is differentiating into a foregut (pharynx), midgut, and hindgut.  The foregut endoderm outpockets and will give rise to the mouth when it breaks through the ectodermal stomodeum. The bulk of the ventral body is filled with yolky endodermal cells.
Live Embryos, Whole Mounts and Models. The development of the frog from the unfertilized egg through the 4mm stage is well represented by our two series of models. One series demonstrates the developmental sequence as seen in the intact frog embryo. The other series illustrates a developmental sequence of sectioned embryos and is color-coded for the germ layers. A slightly larger, color-coded model represents the fate map at the blastula stage. A fate map shows the location of groups of cells in the blastula and illustrates the germ layers and structures formed from them during normal development.
Thin Sections. To observe the fine detail of embryos at the various stages of development requires that we take advantage of the high magnifications available with the compound microscope. Unfortunately the close working distances required of these lenses does not allow us to view the intact embryo. To take these investigations to the cellular level we also would like to view the dissected embryo. These needs have led to the development of thin sections as a principle tool of the developmental biologist. 


Serial transverse sections. Occasionally, a slide is labeled so that the most posterior sections on the slide are in the upper left-hand corner.   In a few cases the slide is labeled so that the most anterior sections may be to the right and the sections are read from right to left.  The first thing to do, therefore, is to become acquainted with the sequence of sections on your slide(s). Hopefully, most slides will have sections mounted as discussed and illustrated in the manual.

It is important to note that by 48 hours of incubation, the shape of the chick embryo has become more complex than its earlier straight line configuration. From 33 hours to 48 hours the embryo has undergone rapid growth of its anterior end and has developed both a cranial flexure and a dextral torsion of its anterior end. A flexure is a ventral bend in the cranio-caudal axis of the embryo and the cranial flexure is a bend at the midbrain region. The anterior portion of the embryo has undergone a dextral torsion which means that the anterior half of the embryo has twisted about its cranio-caudal axis so that the front half of the embryo is laying on its left side with respect to the yolk. The posterior half of the embryo is still laying dorso-ventrally with respect to the yolk. Serial cross sectioning of the 48 hour chick begins at the midbrain region rather than at the forebrain region due to the cranial flexure of the embryo.
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The brain now consists of five parts or "vesicles". The prosencephalon has divided into two regions, the telencephalon and the diencephalon. The region of the mesencephalon remains as a single unit and retains its name of mesencephalon. The rhombencephalon has become the metencephalon and the myelencephalon.  In this diagram, we see the chick at approximately 50 hours of incubation. Due to the twisting of the cranial aspect of the chick, we see the brain region of the neural tube from a lateral view (the previous two diagrams were dorsal views). The five vesicles continue to develop, but have not changed their basic shape substantially since the last diagram, despite the flexions, twisting and development of the optic vesicle as an evagination from the diencephalon (even though the optic vesicle is called a "vesicle", it should not be confused with the original five vesicles - terminology can be confusing!).
Procedure

A.  The 33- and 48-hour chick embryo whole mount

1. Preparation of live embryos for viewing

a. Removal of the embryo from the chicken egg 

1. Get a fertilized egg from the incubator and take it to your bench

2. Very gently roll the egg to free the internal membranes from the inside of the shell

3. Wait a moment for the air space to re-establish at the very top of the horizontal egg

4. Use your small scissors to gently tap on the top of the egg until a small crack appears

5. Place the egg in your large petrie dish and cut around the egg shell – be careful to cut only shell!

6. Continue to cut until the yolk comes free into the dish



b. Removal of the embryo from the yolk

1. Find the embryo on the yolk

2. Using the forceps, place the filter paper ring over the embryo. Don’t let paper touch the embryo.

3. Using your scissor gently cut the membrane around the outside of the filter paper

4. Transfer the filter paper and embryo into the small petrie dish filled with buffer. Swirl gently to remove excess yolk.

5. When free of yolk, place the embryo onto a glass microscope slide and add a drop of dye into the hole punch of the filter paper.

2. Place the 33-hour embryo on your microscope and orient yourself to its structure. Find these structures surrounding the embryo: the area pellucida, area opaca, cranial and caudal ends of embryo. 

a. Under low power find these structures along the anterior-posterior axis of the embryo, brain, spinal cord, neural folds, neural groove, primitive ridges and primitive streak.
b. Examine the head region to observe the optic vesicles, diencephalon, telencephalon, prosencephalon, mesencephalon, metencephalon, myelencephalon, rhombencephalon, cranial neuropore, skin ectoderm, head mesenchyme and notochord.
c. Find the anterior end of the notochord and trace it posteriorly. Somites are visible lateral to the notochord and neural tube.  At the caudal end of the embryo the somites on each side extend into undiffereniated bands of tissue, the segmental plates. The notochord disappears into the primitive streak.
d. Compare your embryo to the prepared whole mount slides in your slide box.
3. Place the 48-hour embryo on your microscope and orient yourself to its structure. Find these structures surrounding the embryo: the area pellucida, area opaca, cranial and caudal ends of embryo. 

a. Find these ectodermal structures: telencephalon, otic capsule, diencephalon, lens vesicle, optic cup, mesencephalon, myelencephalon, spinal cord
b. Compare your embryo to the prepared whole mount slides in your slide box.
B.  The 33-hour chick serial transverse sections

1. Determine the orientation of the sections on your slide. Examine your slide to determine the number of rows of cross sections, the number of sections in each row and the total number of sections. 

2. Examine the 33-hour chick serial transverse section slide and compare the transverse perspective to the whole embryo view of the structures listed in (A.2. a.) above. 

C. The 4mm frog neurula

1. Prepared neurulation slides

a. The neural plate slide.  Find the neural plate, archenteron, archenteron roof (is this endoderm or mesoderm?), the notochord and endodermal cells.

b. The neural fold slide. Find the neural folds, neural groove and the notochord, mesodermal tissues, archenteron roof and skin ectoderm.
c. The neural tube slide. Find the neural tube, neural canal (neurocoel), notochord, archenteron and mesoderm

2. Whole mounts and models. 

a. Find the cranial, caudal, dorsal, ventral, left and right axes of the embryo, the notochord, neural tube and identify the somites and heart.
b. Examine model XVa. Find these structures: brain, nerve cord, notochord, pharynx
3. Serial sections. 

a. Sagittal sections. Find the notochord, spinal cord, neurocoel, prosencephalon, mesencephalon, rhombencephalon, and locate the yolk-filled endodermal cells.  

b. Transverse sections. Find the prosencephalon, skin ectoderm, optic cups, optic stalk, mesencephalon, rhombencephalon, rhombocoel, spinal cord, neural crest cells.
D.  The 48-hour chick serial transverse sections. Remember, occasionally, a slide is labeled so that the most posterior sections on the slide are in the upper left-hand corner.   In a few cases the slide is labeled so that the most anterior sections may be to the right and the sections are read from right to left.  The first thing to do, therefore, is to become acquainted with the sequence of sections on your slide(s). Hopefully, most slides will have sections mounted as discussed and illustrated in the manual.
1. Determine the orientation of the sections on your slide. Determine the number of rows of cross sections, the number of sections in each row and the total number of sections. 

2. Examine the 48-hour chick serial transverse section slide and compare the transverse perspective to the whole embryo view of the structures listed in (A. 2. a-c) above. 
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