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Regents Biology Laboratory Investigation

HYPERACTIVATION OF MAMMALIAN SPERM
Background Information

The term sperm, in general, refers to the male gamete of a particular species.  In plants, the “sperm” take the form of pollen; in animals, they take the familiar and recognizable form seen in figure 1.  In any case, the job of the sperm is to transport the DNA that it holds to the egg, thereby fertilizing it.  Recall that gametes (eggs and sperm) are haploid, meaning that they have half the number of chromosomes as the rest of the cells in the organism.  So, by joining forces, as it were, the two gametes create a zygote with the proper number of chromosomes.
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The process seems easy enough – just get the sperm and egg together – but such is not the case.  Sperm, when introduced to the female reproductive tract, must often undertake a rather extensive journey to reach the egg.  In the case of many mammals, this means swimming from the vagina, through the cervix, the uterus, and into the fallopian tube to the egg.  This trip may be as short as a few centimeters, but for a single cell the trip is tantamount to crossing the Himalayas.

As such, mammalian sperm have evolved adaptations to help them reach the egg successfully.  There are two main kinds of motion involved.  The first is a whip-like, back-and-forth motion of the flagellum, which propels the sperm forward.  The second kind of motion is much more random and circular, and serves not to propel the sperm forward, as such, but rather to allow it to move more easily in fluids which are more viscous, such as those that surround the egg in the    

 Figure 1.  General Structure of    fallopian tube.  The release of calcium ions (Ca++) is  

          a mammalian sperm.           implicated in this change in motion.  The calcium is  

                                                      stored in a special area of the sperm, and is released to only one side of the flagellum.  This uneven distribution of calcium causes an increase in the bend of the flagellum, and the circular motion ensues.  This would be akin to knocking out the steering to one front wheel of your car; your vehicle would be more likely to spin in circles than to go straight.

This circular motion is what is of interest to us today.  This type of motion is generally observed in sperm in an oviduct, but the pattern can be replicated in the lab by introducing caffeine to the sperm in various forms.  
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           Figure 2.  Normal sperm motion.







Figure 3.  Hyperactivated sperm motion.

Purpose


The purpose of this laboratory investigation is to observe the phenomenon of mammalian sperm hyperactivation, and to learn about its importance to fertilization.
Materials

PENCIL
Bull semen, fresh
Centrifuge tubes
Droppers

Water bath
Thermometer
Hotplate
Dry milk

Light microscope
Regular coffee
Regular tea
NaOH (1 m)

Decaffeinated coffee
Decaffeinated tea
Slides
Coverslips
Procedure

1.  Write your hypothesis in the space below.

2.  Place one drop of the bull semen mixture on a warmed microscope slide.  It is important to keep the semen, as well as anything with which it might come in contact, at a constant temperature of 35 degrees Celsius to avoid shocking and killing the sperm.

3.  Add a cover slip, and observe the sperm under the microscope.  Record your observations in your data table.  

4.  Next, add some of the regular coffee mixture to the sperm sample already on your slide.  Record your results.

5.  Obtain a new sperm sample on a clean slide, and add the decaffeinated coffee mixture as a control.  Record your results.


6.  Repeat the procedure for the regular and decaffeinated tea solutions.

7.  When you have completed your observations, write up your results in proper lab report format.  When you write your conclusions, be sure to address the following points:
· Do decaffeinated beverages actually have all the caffeine removed?  How can you tell based on your results?

· What can the effects of caffeine on sperm cells tell us about its effects on an entire organism?  Be specific and complete in your answer.
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