Objectives

Students will describe the structure of proteins

Students will describe how proteases break down proteins
Students will understand the role of the pancreas in digestion

Key Points

Proteins are polymers of amino acids

Proteases break down proteins present in food into amino acids

Amino acids are absorbed into the bloodstream

The pancreas makes digestive enzymes that are secreted into the small intestine
The pancreas produces a lot of digestive juice

Gelatin is a protein useful for classroom experiments

Vocabulary Words
Proteins Polymer Amino acids Hydrolysis
Protease Pancreas Secretion

Teacher Demonstration + Proteases
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e Tell your class thatroteinsare an important part of the diet, and just like lactose, they must be
broken down into smaller molecules in the small intestine so that they can be absorbed into the
bloodstream. Once again, marshmallows linked together make a good model.

e Now is the time to review the characteristics pbymer Ask a ques-
tion or two about amylase, and remind your class that a “polymer” is any
molecule that is made of the same, repeating unit. In the starch model,
the individual marshmallow represents a glucose molecule. In a protein
model, the marshmallows represent amino acids. Tell your class that pro-
teins are polymers @mino acids Most proteins are made of hundreds
and thousands of amino acids linked together.

Fact: The largest human protein is Titin, which is a giant spring-like pro-
tein found in muscles. Titin is composed of around 27,000 amino acids.
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e As you show this short marshmallow protein molecule to your class, continue to describe how
amino acids are an important nutrient for the body to absorb. If it's appropriate for your class to
learn, tell them that the marshmallows actually represent twenty different amino acids.

Teaching tip: If students have prior knowledge of amino acids, review their structure. If not,
simply state that proteins must be broken down into amino acids, but don't hold your class ac-
countable for information about their structure.

Teacher Demonstration + Proteases

e After discussing the structure of the marshmallow molecule, rip it apart in front of your class to
demonstrate the action pfoteases Tell your class that this is a perfect example of what diges-
tion is all about: in this case, the breakdown of big proteins into molecular-sized amino acids that
can be absorbed into the bloodstream. Delne proteases as enzymes that specilcally break down
proteins.

Materials tip: You can buy molecular model kits to build bead mod-
els of large polymers, but marshmallows or Styrofoam balls work
just as well.

Technology integration: Search the internet fdideestive enzynie
and “animation” to generate a list of sites that show digestion ani-
mations you can project for your class.

Teacher Demonstration £ The Pancreas and Secretion

e Your students can think of tipancreasas a protein factory where many of the enzymes involved
with digestion are made. You can tell your class that the pancreas secretes these enzymes into the
small intestine. A good demonstration $&cretionis to use a baster and label it the “pancreas.”
Put some colored water into the baster and squirt some “pancreatic juice” into a container that is
labeled “small intestine.”

Even though the container is a poor model for the small intestine, the
baster is an excellent model for the process of secretion. For a more
accurate representation, touch the tip of the baster to the container so
that there is no air space in the connection betwe~" _
the two. For an extension, gifted students can le |
the name of this connection as ffancreatic duct

e You and your students will be staggered by the amount of juices that the body uses
for digestion. Most sources say that the average human produces about 1 liter of digestive juice a
day. The amount of bile used is also very impressive (see pg 25).
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Enzymes that break down proteins
Proteins are polymers of amino acids

Proteases
Made by the pancreas

Pancreas secretes enzymes into the small intestine

Student Activity £ Proteases and Gelatin
e These are excellent experiments where students add fruit juices that may or may not contain pro-
teases to gelatin. Gelatin is a pure protein, and its gelling characteristic makes it a useful protein to
use in classroom experiments. If you add a protease to a gelatin solution, it will break the gelatin
down completely into amino acids and the gelatin will be unable to gel. There are two general
ways to run this experiment in the classroom.

1. The Irst involves adding the fruit juices directly to the gelatin as it is being gelled to see if the
presence of proteases will prevent the gelatin from gelling.

2. With the second method, students put protease solutions ondoljidogelatinin test tubes
and the next day measure the amount of gelatin breakdown.

e The !Irst experiment can be done in small cups, while the second is best done in small test tubes.
The total number of cups or test tubes you need depends on the number of juices you will be test-
ing. These activities take some time to set up, especially if it is the !rst time you are doing it. Get
as many of the fruits or juices as you can. Meat tenderizer is another good source of protease
(meat is protein). Both activities are described on the following pages.

Materials for !rst experiment:
pineapple meat tenderizer
papaya small plastic cups
Kiwi gelatin
water hot plate
orange pot or beaker
apples
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Gelatin and Proteases + Experiment 1

Quick description: Students add juices to gelatin as it cools in small cups. If the juices contain pro-
teases, the gelatin will be unable to gel. Students record their results in a table and conclude which fruits
contain proteases and which do not.

e If you can, prepare the gelatin before class and either store it in
a hot water-bath or pour it into a thermos. Follow the directions
on the package to make enough gelatin for your class to use.
Have your students work in groups; this cuts down on the num-
ber of small cups that you will need.

Samples that contain proteases: Samples that do not contain proteases:
pineapple meat tenderizer water apples
papaya Kiwi orange grapes

Students label their cups, and then add juice samples from the list above. Another option that
students enjoy is extracting their own juice from one of the fruits; oranges for example. This
makes the activity even more body-kinesthetic. For those fruits where you really need a blender
and cheesecloth to get their juices (e.g. papaya) your students can add solid pieces of fruit that !t
in the containers.

Scientiec Method: Be sure to identify the water asdbetrol for the
experiment, and that the gelatin should gel in this tube.

Make sure the gelatin is safely poured. You could either man the
gelatin station and help the students pour, or circle the classroom and
pour the gelatin yourself.

Which Fruits Contain Proteases?
e It's best not to pour boiling hot gelatin into Sample Did the Gelatin gel?
the cups. In addition to being dangerous, 1

boiling temperatures can actually deactivat V\{ater yES
the enzyme in the fruit. Rather, let the gelz pineapple no
tin cool a little before it is poured. Have the orange juice yes
students record their results in a table like kiwi no

the one on the right. apple yes



