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Regents Biology Laboratory Investigation

THE HUMAN MUSCULAR SYSTEM
Background Information


Muscle is, one might argue, one of the most important types of tissue in the human body.  After all, hearts would be unable to pump blood without it, arteries wouldn’t be able to regulate blood pressure, the digestive system wouldn’t move chyme along, and, perhaps the most startling thing: the anal sphincters wouldn’t exist, eliciting a complete loss of control over defecation.  Not a thought to dwell on, to be sure.

All these functions, however, cannot be performed by the same type of muscle.  Indeed, there are three distinct types in the human body.  These three types of muscles exist in many other organisms as well, but this investigation will focus on the human.  The three types are perfectly matched to their functions, and execute them elegantly and without fail in a healthy body.
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Muscles use two main proteins to move.  These proteins are actin and myosin.  You are familiar with myosin from our discussions of the myosin motor.  Recall that a myosin motor is one way that a cell can move things about inside itself.  The protein myosin takes on two different forms, depending on whether or not ATP is bound to it.  By binding and un-binding ATP, the protein can change shapes repeatedly, causing it to “walk” along microtubules made up of none other than our friend actin!  The simple attachment of a vacuole to these myosin motors allows the vacuole’s contents to be “towed” from one part of the cell to another.
Figure 1.  Photomicrograph and schematic 

                drawing of a sarcomere.
The actin and myosin in a muscle works the same way, however the proteins are not spread out, but instead they are fixed in a rather rigid structure called a sarcomere.  The sarcomere is the functional unit of a muscle.  See figure 1 for a picture and a schematic diagram of one.  As you can see, the thicker filaments are made out of myosin, while the thinner filaments are made out of actin.  When a muscle needs to contract, it binds ATP, which causes the myosin to grab onto the actin fiber, and pull it towards the center of the sarcomere.  This has the effect of pulling the two z-lines closer to each other.  This process, happening thousands of times in each muscle fiber, leads to the overall shortening of the muscle.  See figure 2 [image: image2.png]}—— sarcomere ———|
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for details.

As you can see, the muscle can only contract.  It has no provisions for expanding itself, because the myosin can only “pull,” not push.  So in order to expand the sarcomeres of one muscle, another muscle must be used.  This is why muscles exist in the body as antagonistic pairs.
An antagonistic pair is a set of muscles that pull in opposite directions.  The easiest pair to remember is the biceps and the triceps.  If you want to extend your arm, the triceps contracts and the biceps is pulled to extension, while if you want to contract your arm, the biceps contracts and the triceps is pulled to extension.  Without one muscle, the other would remain permanently contracted.
Figure 2.  A relaxed sarcomere (top), and
                a contracted sarcomere (bottom).

Purpose


The purpose of this investigation is to introduce you to the concept of the sarcomere and of the underlying biophysics of the muscles of the body.  You will also come to understand how muscles work in pairs to make the body work.  Finally, you will learn to identify the three major muscle types by their characteristic appearance and function.
Materials

PENCIL
Prepared slides

Microscope
Meter sticks


Blank Paper
Markers


Masking tape

Procedure
PART I – Model a Sarcomere

In this section, you will be transforming your lab group into a model of a sarcomere.  Follow the directions below, and make sure you get your teacher’s initials to signify that you have completed the section.


1.  Select at least two people to be myosin molecules, and label these people appropriately using the paper, markers, and masking tape provided.


2.  Select two meter sticks, and label them, using the paper, markers, and tape, as actin fibers.


3.  Use your “myosin” to demonstrate what a contracted and a relaxed sarcomere would look like under a microscope.







TEACHER INITALS   _________

QUESTION 1:  Draw what would happen to the actin and myosin in the sarcomere if the muscle was stretched too far.
QUESTION 2:  Why do muscles have the most force when they are in the middle of their contractions, as opposed to fully-extended or fully-contracted?  Think about your drawing above for a clue.  
QUESTION 3:  What must muscles have to push or pull on in order to work properly?

You already know that the nervous system is what controls the muscles of the body, but how, exactly?  It turns out that when a nerve gets to a muscle, the action potential actually travels into the muscle cells.  There, it causes calcium to be released from special storage organelles called sarcoplasmic reticula (singular: reticulum).  This calcium allows the myosin to grab onto the actin and start the contraction.
QUESTION 4:  What would happen if a human had a calcium deficiency?

QUESTION 5:  What would happen if the muscle cells could not control when calcium was released from the sarcoplasmic reticulum?

PART II – Model Antagonistic Pairs


In this section, your lab group will be transformed into a diagram of a human arm or leg.  Follow the directions below, and get your teacher’s initials to signify that you have completed the section.

1.  Divide your lab group in half.  Half will be one muscle of an antagonistic pair, and half will be another.

2.  Use two meter sticks to represent bones.  Have your group grab onto the bones and move them.  Show both muscles relaxing and contracting.


3.  Determine which muscle is the extensor, and which is the flexor.

           






    TEACHER INITALS   _________
QUESTION 6:  What is a flexor and what is an extensor?
QUESTION 7:  Can one nerve control both muscles in an antagonistic pair?  Why or why not?

QUESTION 8:  Since action potentials can’t get larger or smaller, how do you think muscles can contract slowly or quickly; hard or gently?

PART III – Identify the Three Main Muscle Types

There are three main types of muscles in the body.  Each one has a specific purpose and a specific structure.  They are listed in the chart below:
SKELETAL or STRIATED MUSCLE:  This type of muscle has heavy striations, or lines, in it.  This is because all of the sarcomeres are lined up in the same direction.  So, when the muscle contracts, it contracts in only one direction.  This type of muscle is voluntary.

SMOOTH MUSCLE:  This type of muscle is so named as its surface is unmarred by any lines or striations.  This is because the sarcomeres are not all lined up, and may indeed be in other patterns such as spirals or hoops.  Thus, when the muscle contracts, it contracts in many different directions at once.  This type of muscle is involuntary.
CARDIAC MUSCLE:  Cardiac muscle is only found in the heart.  It is striated, but it is involuntary.  The muscle cells are also connected by structures called intercolated disks, which allows action potentials from one cell to spread quickly to many others, so that the heart can beat.  The muscle fibers of cardiac muscle are not lined up as they are in skeletal muscle, but rather they exist in cris-cross patterns, so that the heart contracts as it beats.  

1.  Use the prepared slides and a microscope to view the three different types of muscle cells.

QUESTION 9:  Draw a striated muscle fiber below.

QUESTION 10:  Draw a smooth muscle fiber below.

QUESTION 11:  Draw a cardiac muscle fiber below.
Analysis
QUESTION 12:  Where do you think you might find smooth muscle in the body?

QUESTION 13:  Where do you think you might find skeletal muscles in the body?

QUESTION 14:  Many arthropods have exoskeletons instead of endoskeletons, but they still must have extensors and flexors to make their muscular systems work.  Explain the only difference between the two types of muscular systems.
QUESTION 15:  Why do you need more oxygen when you are running?  Relate your answer to ATP production by the mitochondria (remember those things?  Glycolysis?  Krebs Cycle?  ETC?) and ATP usage by the muscle.  Be complete and specific.
QUESTION 16:  Name two things that you would change to make this lab better
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