Hormone + breast = milk?  An HHD workshop about prolactin.

Please assemble into groups of three.  If you haven’t read chapter 2 of Human Biology, this workshop will not make much sense to you.  We hope you’ve come prepared.

Intro:

Prolactin is a peptide hormone, made up of a chain of amino acids.  Each hormone molecule gets manufactured in the pituitary gland and spit out into the bloodstream.  It swims along in the blood, pumped by the heart, until reaching its site of action, which we’ll consider here to be epithelial cells in the breast.  Then it’s time for the hormone to go to work at the surface of these cells.  Like all cells, those in the mammary gland transcribe genes into mRNAs, which then get translated into proteins.  (See Human Biology, pp. 62-65, for a refresher on transcription and translation.)  One subclass of proteins specific to mammary cells is that of milk proteins.  We’ll focus on one such protein called beta-casein.  This workshop asks you to address questions about data from experiments on the beta-casein system.  

1. First, a refresher on some important points from lecture and reading.  Define with your group the following terms:  transcription; translation; protein; enzyme; mRNA.  Make sure everyone understands this stuff before going on!

Transcription:  the process of making an mRNA copy of a gene (of DNA).

Translation:  the process of making a protein machine from the mRNA instructions.

Protein:  A molecular machine made of amino acids.

Enzyme:  A protein that catalyzes a chemical reaction.

MRNA:  The “Xerox” or copy of a gene (of DNA).
2. Now imagine yourself as a biochemist working on transcription.  You sit down to read a report of work from Yahoo U.  This report claims that the hormone molecule called prolactin causes mammary cells to transcribe mRNA from the beta-casein gene.  (Eventually this mRNA gets translated into beta-casein protein, which then gets secreted into breast milk and fed to the baby.  But the Yahoos’ paper is on something very specific—just beta-casein mRNA.)  Draw a diagram that illustrates the Yahoos’ result:  describe what happens between DNA and enzymes to produce beta-casein mRNA.  You can draw from the diagrams on pp. 63-64 in Human Biology as you answer this question.  

I can’t draw a diagram here!  The mRNA polymerase, an enzyme, makes an mRNA copy of the gene’s DNA.

3. Now think about where the Yahoos’ result came from.  These researchers claim that prolactin causes transcription of beta-casein.  But how do they know?  They must have done an experiment and seen the raw data.  Your job now is to imagine what that experiment might be.  Consider the following “experimental toolkit” which might be available to a researcher:

· Biochemists can grow mammary cells outside the body, in sterile dishes containing nutrients that keep the cells alive.  Sometimes this is referred to as “cell culture”; it can be useful in designing simple, controlled experiments.

· Biochemists can produce and use prolactin protein as well as other hormones during experiments on material in their labs, outside the body.  Ditto on the controlled experiments thing.

· One type of experiment can measure mRNA levels in the nuclei of cells.  Don’t worry about the details; the point is, the experiment can count how many molecules of mRNA each nucleus produces.  The technique can be applied to beta-casein or to other mRNAs.

Now describe, in words and with an accompanying diagram, an experiment the Yahoos might have used to test the effect of prolactin on beta-casein mRNA.  In other words, design an experiment which proves that when you add prolactin to mammary cells, you get increased transcription of beta-casein.  Describe the materials you'd combine and the numbers you'd write down if you were in the lab doing this.

Add pure prolactin to mammary cells in culture and measure levels of beta-casein mRNA.

4. Okay, say the Yahoos did the experiment you just described.  Say their results showed that mammary cells produce 20 mRNAs per cell under the conditions of the experiment.  Now we need to interpret this result.  

What does it mean to get 20 mRNAs per cell?  Is that reasonable, believable?  How do the Yahoos know that their equipment isn’t on the fritz or their hormone solution contaminated?  In other words, what should we compare the Yahoos' data to in order to understand it?  There are experiments which the Yahoos can do to address these questions—they’re called “controls.” Each control is a repeat of the original experiment with one variable changed.  

· To understand controls, check out this example.  Say you're doing a study on penicillin side effects.  You give penicillin to 40 five-year-old kids every day for a week, and you observe that three kids threw up, each one time.  So you might conclude that penicillin causes nausea.  Now let's say you study a control group of 40 five-year-olds taking NO PENICILLIN, just a vitamin pill, and four of them threw up!  Your conclusion from the penicillin study is probably unjustified.  Kids just throw up, irrespective of whether they take penicillin or not.  You can't claim that penicillin causes nausea.  But you never would have known this without the proper control.

So now, design and describe a control that the Yahoos should do to understand their prolactin data.  Remember, your goal is to change one aspect of the Yahoos' original experiment (prolactin + cells = beta-casein) to understand whether 20 molecules per cell is a lot or a little.  Describe the materials you'd combine and the numbers you'd write down if you were in the lab doing your control. 

Repeat the experiment in question (4) without the prolactin.  That is, grow mammary cells, DON’T add prolactin, then measure the amount of beta-casein mRNA they produce.  The answer should be very little!  Unstimulated cells (those which haven’t come in contact with the hormone) aren’t pumping out mRNA.  They’re just sitting around. 

5. Okay, say the Yahoos did the controls you described above.  So in reading their paper, you become convinced that their data is legit.  Prolactin really does cause transcription of beta-casein.  Now it’s time for you to stop reading the paper and do some research yourself.  You decide to address the following questions:  how does prolactin boost transcription of beta-casein?  What happens inside the cell when the prolactin molecule arrives?  Which kinds of molecules do the dirty work for prolactin, and where in the cell do these mystery molecules reside?  This is your quest, and you need to do experiments to find the answers.

To help figure this out, consider the following additional biology technique:

· Biochemists can break open cells, isolate the nucleus from each cell, and do experiments on the nuclei alone.  Take a minute to imagine this process.  Each nucleus contains the molecular machines that do transcription (see pg. 63 in Human Biology).  Under the right conditions, a nucleus can go on making mRNA even when the biomolecules from the surrounding cell have been washed down the sink.  Pretty amazing.

So you decide to do this experiment.  Your skilled and devoted technician isolates nuclei from mammary gland cells and douses them with prolactin.  Then you measure the number of beta-casein mRNAs produced from these nuclei alone.  (Take another minute to imagine and/or diagram this experiment.)  The result--the number of beta-casein mRNA molecules you get from the nuclei--is 0.  You've just shown that prolactin hormone added to nuclei gives no beta-casein mRNA.

What the !#$@?  I promised you that nuclei alone can do transcription, but your nuclei aren’t producing beta-casein mRNA when treated with prolactin.  How come?  Maybe someone sneezed in your nuclei sample or mixed it up with some Gatorade on the next counter.  In other words, maybe the molecular machines that do transcription have just crapped out in your sample.  What controls could you do to establish that the nuclei are still active and producing mRNAs?  Describe in pictures and words a control experiment you'd do.  (You might bear in mind, from question (2), that one can count mRNA molecules from other genes beside beta-casein.) Describe the materials you'd combine and the numbers you'd write down if you were in the lab doing the control.

You can measure mRNA levels for another gene beside beta-casein.  Any other gene, as long as it doesn’t require the addition of a hormone.  What you want is to show that the nuclei alone are transcription competent:  you want to prove that the nuclei can produce mRNA.

6. Imagine that you’ve done the controls in (4) and they’ve all convinced you that the nuclei can make mRNAs.  It's just that the nuclei refuse to produce the mRNA you care about (that of beta-casein) when treated with prolactin.  So you know that intact cells make beta-casein mRNA when treated with prolactin; nuclei don't. What does this tell you about the cellular machinery required to produce beta-casein given the prolactin signal?

Something else besides just nuclei is required for cells to respond to prolactin.

7. Well, what you've just done is screw something up.  You wrecked the cells, removed a huge fraction of their molecules and organelles, and the nuclei left over failed to produce beta-casein mRNA when treated with prolactin.  You want to conclude something about the cellular requirements for prolactin action, but all you have to support your conclusions at the moment is an absence of data, or a negative result.  Wouldn't it be nice to have a so-called positive result instead?  In planning one last dazzling experiment, consider one more technique:

· You should recall that a cell is basically a nucleus floating in water, held in by a fatty membrane (sort of comparable to a plastic bag).  Refresh your memory of this membrane from the picture on pg. 53 of Human Biology.  It turns out that in the lab, biochemists can break open cells, then isolate and save the (now ruptured) plasma membrane for experiments. Again, under the right conditions, most of the molecules associated with the membrane will still gamely continue working even when the guts of the cell are gone.

You decide to try this out too.  Starting with your nuclei from question (5), you now add prolactin and isolated cell membranes.  Then you re-do the experiment to count beta-casein mRNA molecules.   And lo and behold, you see 20 molecules per nucleus.  Jackpot!  Back up to Yahoo levels.  

So what have you learned?  Cells respond to prolactin by transcribing beta-casein mRNA.  Nuclei alone can't execute this response, although we know that nuclei do transcription.  But we've just seen that nuclei + membranes + prolactin = beta-casein mRNA.  How come?

Why do nuclei fail to produce beta-casein on their own but succeed with membranes around? What cellular components are necessary for the prolactin response?  

(If you answer correctly you'll get the Nobel Prize.  Earl W. Sutherland got it for work of this kind, in 1971.)

The membrane is necessary for the prolactin signal to be carried through the cell and produce beta-casein.  It turns out that there’s a protein in the membrane---a receptor---to which the prolactin hormone binds.  The receptor then sets off a chain of events inside the cell that ultimately cause transcription (mRNA production).  Without the membrane there’s no receptor; and without the receptor, no signal for transcription.

