Baby hair, salamanders, and oranges.  11/19/02.

1. Imagine you’re an embryologist in the year 1902.  You study salamanders, because their eggs are easy to work with; besides, they’re kind of cute.  You want to understand how one tiny fertilized egg—a single cell, called the zygote—becomes a big squirmy salamander that you can hold in your hand.  Think about it.  That one cell has all the information needed to make an entire salamander.  Is this magic?

Nah.  You know that mitosis, not magic, is the key.  Given the right environment, the zygote divides into two cells; each of those divides, making four; each of those divides, making eight; and so on.  See the image on p. 79 in Human Biology.

Your scientist buddies have been making hypotheses about embryonic development.  In particular they’ve started asking what happens to the DNA of a cell during mitosis.  Think about it:  before mitosis there’s one cell, and afterward there are two.  Where does the DNA come from for the new cell’s nucleus?

One guy, whom we’ll call August Weismann (well, okay, that was his actual name), thinks that DNA gets lost during cell division.  Augie’s vision is that during its first mitosis the fertilized egg splits all its DNA in half; the resulting cells each contain half the total genome.  Each of these splits its share of DNA in half again, and so forth until many cells are produced—each with only the genes it needs.  After all, what would muscle cell precursors do with nerve cell information?  

You decide to test the idea.  You have a fairly powerful microscope, a supply of fertilized salamander eggs, and a ten-month-old baby boy.  You pluck out a hair from the toddler’s head, ignore his shrieks of pain, and make of the hair a little lasso.  Then you set a fertilized egg under the microscope and watch it until it goes through one round of mitosis (divides once).  This is the “two-cell stage.”  Immediately you lasso the pair of cells, right between them, and draw your loop closed so that the cells are detached.  Then you separate each cell into its own dish, incubate, and wait.  

The result of your experiment is pretty amazing.  Each cell from the two-cell stage eventually develops into its own normal, healthy salamander!  Now to interpret this result, answer the following:

a. Draw a diagram of this experiment, starting from the zygote.

Your diagram should show the zygote dividing, the placement of each cell into its own dish, and the growth of two salamanders.

b. What does the healthy growth of each cell from the two-cell stage suggest about the complement of DNA received by each?

Each cell has the entire genome—every single gene and chromosome.  The DNA has not been split between the two cells.

c. What would have happened if Augie’s hypothesis was correct, and why does this result argue against him?

If each cell only had half the complement of DNA, then neither would be able to generate an entire, healthy individual.

2. With this idea in mind you return to the big picture.  Every salamander starts as a fertilized egg and, via mitosis, ends up a multicellular, developed organism.  From your lasso experiment you now know something about the DNA in each cell.  Your next question is, what’s the DNA doing in there?  Between rounds of mitosis, what’s happening inside cells during embryonic development?  To reflect on this, answer the following questions.

a. Read p. 47 in Human Biology and consider the types of cell in a human (or salamander).  What makes these cells different?  That is, which of biology’s fundamental machines allow one cell to do different jobs relative to another cell?  Think about tractors...

Different proteins do jobs for different cell types.  By and large, proteins are what make one cell different from another.

b. And where do these machines come from?  (Remember prolactin?)  If you need a reminder, look at the box on p. 42.

An mRNA copy is made from DNA, and then ribosomes translate the mRNA code into protein.

c. Now let’s go back to the embryo.  Read through the figure on p. 79.  Through mitosis, the zygote produces several kinds of precursor cells, which ultimately become muscle cells, connective tissue, and so on.  Already at this early stage, these precursors are different from the zygote.  Mesoderm cells, for example, are flat, as shown on p. 79.  By analogy to question (a), very generally speaking, what machines cause mesoderm cells to become flat?

Special mesoderm-related proteins; we don’t know more than that from the information given.

d. And by analogy to question (b), how do mesoderm cells get the machines necessary to become flat?

Transcription (mRNA synthesis) from specific mesoderm genes; these mRNAs are then translated into the proteins that define the functions of mesoderm cells. 

3. Now you know that in embryonic development, each round of mitosis can give rise to a mesoderm, endoderm, or ectoderm precursor.  But who decides which?  The choice doesn’t just happen magically.  Biology works hard to make sure that these “cell fate decisions” happen in the right order; it uses molecular signals to control them.

One signal involves proteins called transcription factors.  Their job is to direct mRNA production—they control the second blue arrow on p. 42.  (Transcription factors are the ultimate target of prolactin.)

a. How would a transcription factor help form a mesoderm cell?  Think about question (2d) as you answer this.

Transcription factors would help make mRNAs from mesoderm-specific genes.

b. Beside DNA (see question (1)), what other cellular components can you imagine being passed to a new cell during mitosis?  List at least two.

Proteins, RNAs, organelles, parts of the cell membrane and organellar membranes could all be passed.

c. Imagine that one of these little morsels is the transcription factor you described in (a).  Now, turn to pp. 74-75 in Human Biology; imagine that the cell on the top right is a mesoderm precursor and the cell on the bottom right is an ectoderm precursor.  To produce these cell types, where would the mesoderm transcription factor protein molecules (from (a)) go, during cell division?

To the mesoderm cell.

d. And where would the transcription factor proteins need to start out in the cell before mitosis?

In the top of the starting cell, so that when mitosis happens they flow into the topmost progeny cell.

e. Assume that there exist mesoderm, endoderm, and ectoderm transcription factor proteins.  (Warning:  this is a simplification!)  Based on this assumption, draw a diagram of the molecular process by which the single-cell zygote gives rise to mesoderm, endoderm, and ectoderm cell types in the early embryo.  Incorporate mitosis, DNA, mRNA, and transcription factors in your answer.

Your diagram should show several rounds of mitosis generating embryo cells, as on p. 79.  In one or more of the resulting cells, you should have transcription factors promoting mRNA synthesis of mesoderm-specific genes; there should be one or more cells showing the same for endoderm-specific genes, and ditto for ectoderm-specific genes.  These mRNAs get translated into cell-specific proteins which make mesoderm cells flat as well as many other characteristics of these cell types.

4. Back to 1902 and your masterful salamander experiments.  You’re sitting at your microscope with your supply of fertilized eggs.  You decide to repeat the lasso trick.  Pluck the baby hair, make the lasso, put the egg under the scope, but now wait for two cell divisions.  You now see a cluster of four cells (the “four-cell stage”) and lasso them twice, to separate all four.  You grow each in a separate dish.  

The result:  only two of the cells from the four-cell stage grow up to be healthy salamanders.  

a. Draw a diagram of this experiment, starting from the zygote.  What is different between this result and that in question (1)?

Your diagram should show the zygote, two rounds of mitosis resulting in four cells,  the placement of each cell into its own dish, and the growth of only two salamanders.  The main difference is that this experiment was done at the four-cell stage and only two salamanders grew.

What’s the deal?  What happened inside the cells at the four-cell stage to render two incapable of spawning a healthy salamander?  Looks like a good time to make a hypothesis.  

Come up to the front and get an orange, one for every three people.  This orange is your model zygote.  To mimic the first mitosis after fertilization, we’ll cut the orange in half (don’t do it yet).  Each half then represents one cell at the two-cell stage.  To mimic the second mitosis, we’ll cut each half in half again (not yet), such that each quarter represents a cell at the four-cell stage.  DON’T DO IT YET.

With a marker, draw an oval about two inches wide on the orange rind.  Within this oval, write “Me,” at six random places; do the same with “En” and “Ec.”  These represent mesoderm, endoderm, and ectoderm transcription factor molecules.  The molecules are sprinkled randomly throughout this patch on the zygote.  Make sense?

b. Recall the lasso result from question (1).  When mitosis splits the zygote into two cells, each is capable of growing into its own salamander.  This means it must first form a normal embryo, complete with endoderm, mesoderm, and ectoderm.  Look at the transcription factors on your zygote.  Where should you slice the orange to mimic the ability of the two cells to grow into healthy embryos?  When you think you know the answer, go ahead and cut your orange in half.  Draw a diagram depicting what would happen if you separated the halves (cells at the two-cell stage) and let each grow into its own embryo.  Incorporate mitosis, DNA, mRNA, and transcription factors in your answer.

You should cut straight through the middle of the patch of transcription factors.  Then each cell gives rise to endoderm, ectoderm, and mesoderm cells as in (3e).

c. Now consider the lasso result at the beginning of this question:  when the two-cell embryo turns into four, only two of the cells are capable of growing into their own embryos.  Now where should you slice the orange to mimic this?  Again, when you think you know the answer, cut your orange halves into quarters and draw the diagram (with the same molecular detail as above) depicting growth from these individual cells.

You should cut perpendicular to the first slice.  Now you only have two quarters with transcription factors.  So two of your diagrams should look like (3e) and two don’t develop at all.

d. Based on the material in this question, what exactly is the hypothesis which explains the four-cell result?  State in words which part of the orange model is the hypothesis.

The patch of transcription factors is the hypothesis.  We have no idea (from the information given) whether transcription factors really do cluster like this, but this hypothesis does predict the pattern seen in the salamanders:  two develop and two don’t.


Now chow down on your oranges and let’s talk about it!

