AP Biology

Organismal Development – Part 5 - Embryology
(Associated Learning Objectives: 1.15, 2.8, 2.9, 2.24, 2.28, 2.31, 2.34, 2.35, 2.37, 3.1, 3.11, 3.32, 3.34, 4.5, 4.8, 4.9, 4.10, 4.15)

Important concepts from previous unit:
1) Genes are composed of DNA nucleotides and “act” as the “blueprint” for making a protein or enzyme.

2) DNA is inherited from the parents using an egg (mother) and a sperm (father).

3) All the matter needed to “make” an organism is coming from the cycles of matter that occur in the environment.

I. DNA genes control the process of development through the production of proteins and enzymes.

A. Cytoplasmic determinants (proteins in the cytoplasm) act as signals within the cells to control mitosis.


B. Pattern genes control the pattern (shape) of an organism while it is being developed.



1. What is the basic pattern of a human? A dog? A frog? An insect?


C. Positional genes control the position (location) of various structures, such as organs, bones, and muscles.



1. Where is the heart located in humans?  The Small Intestines?  Brain and Spinal cord?

D. Apoptosis – this is the “programmed” death of cells that is needed to create important anatomical structures.



1. Examples of apoptosis include the death of cells in-between digits such as fingers and toes.
II. Fertilization (A.K.A. Conception) and Development Process  (This is just Cell Signaling using direct contact.)

A. Acrosomal Reaction


1. Acrosome releases digestive enzymes that begin to eat away at the egg’s protective jelly coating.


2. Acrosomal process develops after getting through the jelly coating and connecting with the egg.



a. This allows the sperm to connect with the egg protein receptors “hands” for verification.
b. The connection with the first sperm causes all the other receptor protein “hands” to be      

released and thus prevents multiple sperm from fertilizing. 


3. Sperm begins to enter the egg cell through a hole in the membrane. The DNA in the sperm will 

                                  determine the organism’s sex. If it has an X sex chromosome, it will be XX –female. If it has a Y sex 

                                  chromosome, it will be XY – male.

B. Sperm entering the egg causes the rate of cellular respiration (making E) and Protein synthesis to increase.

C. Egg undergoes the second meiotic division to take the “mother’s DNA” to a haploid state.


1. This only happens if the egg is fertilized.

D. Egg DNA and sperm DNA fuse together to create a diploid state.

E. The tail of the sperm (microtubules) is broken down to help “create” the spindle fibers for Mitosis.

F. Basal body of sperm detaches to create the centrioles (anchors for Mitosis).

G. Cleavage (rapid cell division) occurs to create a morula (solid ball of stem cells).


1. Cells get smaller with each division – The whole structure remains the same size roughly.



a. Does not go through a normal G1 or G2 phase – only S phase and Mitosis really.

H. Morula continues to divide, but now hollows out to form a Blastula (hollow ball of cells) by blastulation.


1. The blastula only has two layers of tissues.


2. Stem cells are called blastomeres now (They are beginning to specialize or differentiate.)



3. Blastula has to regions with different size cells in it. 



a. Small cells on top (Animal pole - makes the head)




b. Large cells on bottom (Vegetal pole - makes the body)




c. Hollow space referred to as the Blastocoel

I. Blastula continues to develop into a three tissue structure called a gastrula by Gastrulation.


1. Third layer is “created” by involution (cells moving inward from the outer surface) through the




a hole in the structure called a Blastopore.


2. Hollow space now called the archenteron. (This space becomes the digestive tract – “food tube”.)




a. Dueterostomes – make the anus first ( work toward the mouth “making” the tube.



b. Protostomes – make the mouth first ( work toward the anus “making” the tube.


3. Ectoderm – makes the skin and CNS 


4. Mesoderm – makes the muscles, bones, and kidneys 


5. Endoderm – makes the digestive tract organs, lungs, and bladder



6. The Blastopore fills in after gastrulation with the Yolk Plug.


7. The gastrula will hopefully (25% chance) implant in the uterus and continue to develop into an embryo.



a. Embryo is a developing organism.

J. Organogenesis in the embryo follows gastrulation. This is the first trimester of pregnancy/gestation. 


1. This is a very important time. If something goes wrong during this period, the organism will be severely affected.

K. Placenta (connection with the mother) will develop from cells on the bottom of gastrula called trophoblasts.


1. Mothers blood vessels and fetuses blood vessels DO NOT MIX (ABO blood types and Rh factors remember.)


2. Hormones such as progesterone and HCG (Human Chorionic Gonadotropin) are helping control the 

                                    development and communicate with the mother’s body. (HCG in the urine is what a pregnancy test detects.)


3. Development of the Amniotic sac occurs. This contains salt water – same concentration as ocean water.

              

a. An amnion can also be found in bird, reptile, and montreme eggs.

L. Second Trimester – fetus (developing human) gets bigger in size by growth through cells undergoing mitosis.

M. Third trimester – fetus packs on the weight as it will soon lose its constant feeding source- Mom.

N. Birth – Oxytocin hormone helps expel the baby by causing the uterus muscles to contract.

O. Lactation (milk production) for breast feeding will be induced using the hormone Prolactin.
III. Convergent extension – this is the process of going from a round structure to a elongated structure. (Still cell’s signaling.)

A. Gastrula (round) going to an embryo (elongated) structure. 

B. The cells move (using the ECM) into single file line causing the structure to go from round to elongate.

C. Protein receptor “hands” are communicating between the cells (called CAM’s – Cell Adhesion Molecules).
IV. Apical Ectodermal Ridges (AER) – responsible for making the limbs (arms, legs, or wings) of an organism.
