Exercise 3: Early Development in Invertebrates: Fertilization and Cleavage in Sea Urchins
Student Learning Objectives.
1. Students should learn the respect and use of living specimens to advance our understanding of biology.

2. Students should understand the early stages of development, from the fertilization of the egg to the formation of the blastula.
3. Students should understand the anatomy of the early stages of development and be prepared to integrate the cell and molecular of those stages with the anatomical changes. 
4. Students should be prepared to compare invertebrate organisms and vertebrates. 
Introduction
1. Fertilization

Fertilization consists of a series of events which begins with the release of sperm from the male and of an egg from the female of the same species and ends with the union of the male and female pronuclei. The transformation of the spermatid has stripped the cell of non-essential materials and produced a swiftly moving, flagellated sperm (in most species). The egg is not self propelled (in most species) and waits for the arrival of the sperm. Most unfertilized eggs are covered by one or more protective envelopes, the sperm must penetrate these coverings before contacting the egg plasma membrane and fusing with it. The contents of the acrosome aid in penetrating the envelopes. 

The contact of sperm and egg plasma membranes initiates a burst of activity by the egg. Among the initial responses are mechanisms to block the entrance of further sperm. The first response in sea urchins, the fast block to polyspermy, is a change in the electrical potential of the egg plasma membrane. This electrical response occurs within one second after sperm contact. Another response occurs about 40 sec later; an impenetrable, non-cellular fertilization membrane (fertilization envelope) is formed around the egg (the slow block to polyspermy).

After entering the egg cytoplasm, the sperm head changes shape and assumes the typical form of a nucleus (spherical with chromatin indistinct). The sperm nucleus is now called the male pronucleus. It moves toward the center of the egg.  Sea urchin eggs have already completed meiosis when the sperm enters. At the completion of meiosis the egg assembles a nuclear envelope around its chromosomes to form the female pronucleus. The fusion of the pronuclei completes fertilization and produces the zygote, the diploid, single-celled embryo.
2. Cleavage

After the completion of fertilization, the zygote undergoes cleavage. Like all eggs, the echinoderm egg has an animal-vegetal axis. The meiotic divisions occur at the animal pole, and  this pole represents the cranial end of a bilateral animal. In an echinoderm, the entire egg is divided by the cleavage furrows (holoblastic) rather than just the animal pole as occurs in eggs with greater amounts of yolk. The first cleavage furrow passes through the animal-vegetal axis and divides the egg into two blastomeres. The second cleavage furrow also passes through the animal-vegetal pole, but at right angles to the first furrow and produces four blastomeres. The third cleavage furrow is perpendicular to both the first and second furrows and produces an eight-celled, two tiered embryo. Cleavage after the third division is somewhat irregular. By the fifth division, five tiers of cells (32 blastomeres) have formed.  Between the 32-cell stage and the 64-cell stage, the embryo is a ball of blastomeres, called the morula.
Procedure

A. Preparing Sea Urchin Gametes for Fertilization


1. Harvesting Sea Urchin Gametes
a. Fill a petrie dish with small amount of seawater

b. Remove one sea urchin from the tank, place upside down over petrie dish

c. Inject 0.5ml KCl into the soft tissue surrounding the mouth

d. Within ~5 minutes females will begin to shed red eggs and males white sperm

e. If nothing happens in 5 minutes try a second injection

f. It may take the urchin up to fifteen minutes to complete shedding of gametes


2. Insemination Procedure
a. Rinse the eggs in fresh sea water to stimulate Resact secretion
b. Take a single drop of sperm and dilute it in 5ml of sea water

c. Add a drop of egg solution to a depression slide

d. While watching, add a drop of sperm solution

3. Procedure for Observing Developmental Stages
a. Prepare a development chamber in a small petrie dish for the rest of the eggs.
b. For every milliliter of egg solution, add a few drops of diluted sperm solution
c. Allow the eggs and sperm to mix for ~20 minutes, swirling gently every few minutes

d. Observe a sample every 30 minutes until you see the first cleavage division.

e. They will continue to develop for ~3 days forming the pluteus larvae
B. Examine starfish development while waiting for the cleavage division in Arabicia. 
1. Gametogenesis and Fertilization. 
a. Find an unfertilized egg.  The unfertilized egg possesses a large nucleus (the germinal vesicle). Within the nucleus is a distinct nucleolus.  The vitelline envelope is difficult to see. Image the egg and label the following: germinal vesicle, nucleolus.
b. Find a fertilized egg. In these cells, the nucleus is small (or not visible). Find an egg with a small nucleus. The small nucleus is the female pronucleus which forms at the completion of meiosis. The fertilized egg (zygote) should be covered by the fertilization membrane. Image the eggs and label the following: pronucleus, fertilization membrane. Polar bodies may be visible.
c. Find and image the 2-cell stage. The embryo has two blastomeres and one the cleavage furrow through the animal-vegetal poles.

    


2. Compare to the Starfish models
MODEL #
a. Fertilized egg. The egg nucleus is in meiosis (which stage?). The male pronucleus and polar body are present.
b. 2-cell stage. Find the first cleavage furrow, blastomeres and polar bodies
1

