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DEMONSTRATION 
TEACHER MATERIALS 

The Making of the Fittest:  
The Birth and Death of Genes 

ICE CRYSTAL FORMATION IN ICEFISH AND NON-ICEFISH BLOOD 

OVERVIEW   
This demonstration serves as an extension to the Howard Hughes Medical Institute’s short film The Making of the Fittest: 
The Birth and Death of Genes (http://www.hhmi.org/biointeractive/making-fittest-birth-and-death-genes). Most fish 
would freeze to death in the Southern Ocean because the temperature of the water is below the freezing point of their 
blood. Icefish (and all other notothenioids), however, have a protein in their blood that prevents it from freezing. Millions 
of years ago, while the ocean was cooling, an existing gene was duplicated. The copy underwent a series of mutations 
that resulted in it coding for a glycoprotein that functions as antifreeze. As the temperature of the ocean kept dropping, 
other species of fish died off, leaving notothenioids to fill the open niches in the Southern Ocean. 

The antifreeze glycoproteins, along with normal body salts, lower the freezing point of icefish blood and body fluids to ‒
1.9°C. If an ice crystal penetrates the skin of a fish, it can serve as a seed crystal for the growth of more ice. The antifreeze 
proteins, which form in the liver, bind to and prevent the growth of ice crystals. 

KEY CONCEPTS AND LEARNING OBJECTIVES  
Students will be able to explain the importance of antifreeze proteins to the survival of icefish and all other notothenioids. 

CURRICULUM CONNECTIONS 
Curriculum Standards 
NGSS (April 2013) MS-LS1-1, MS-LS1-5, MS-LS4-4  

MS.LS4.B, MS.LS4.C, MS.PS1.A 
HS-LS4-2 
HS.LS1.A, HS.LS4.B, HS.LS4.C 

Common Core (2010) ELA-Literacy.SL.8.1, ELA-Literacy.SL.8.1c, ELA-Literacy.SL.8.1d 
ELA-Literacy.SL.9-10.1, ELA-Literacy.SL.9-10.1c, ELA-Literacy.SL.9-10.1d 

AP Biology (2012–13) 1.A.1, 1.A.2, 3.C.1, 4.C.1 
IB Biology (2009) 4.1, 4.3, 5.4, 6.2, 7.5 

KEY TERMS  
antifreeze, crystal, glycoprotein 

TIME REQUIREMENTS  
This demonstration and the follow-up discussion were designed to be completed within 5–10 minutes; additional time 
will be needed for the extension activity. 

SUGGESTED AUDIENCE 
This demonstration is appropriate for middle school life science, high school biology (all levels including AP and IB), and 
introductory college biology. 

PRIOR KNOWLEDGE  
Students should watch the short film The Making of the Fittest: The Birth and Death of Genes before they watch this 
demonstration. 
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DEMONSTRATION 
TEACHER MATERIALS 

The Making of the Fittest:  
The Birth and Death of Genes 

MATERIALS  
• container of red food coloring 
• table salt 
• water 
• 100-milliliter graduated cylinder 
• measuring spoon (1/4 teaspoon) or electronic balance 
• “ice crystals” consisting of sodium polyacrylate or instant snow powder (Sodium polyacrylate is available 

through Amazon.com and science supply houses such as Carolina Biological. You can purchase instant snow 
powder via Amazon.com and several different suppliers of novelties and toys.) 

• two 250-milliliter beakers or clear plastic cups 
• felt-tipped marker 
• plastic bag for disposal 

TEACHING TIPS 
• You should point out that all notothenioids have “antifreeze,” so this demonstration applies to all notothenioids, 

though of course, non-icefish notothenioid blood would be red, since only icefish lack hemoglobin. 
• Premeasure the sodium polyacrylate. You will not need to have a container of it sitting on the lab table.  
• Invite two students to come to the front and add the ice crystals  to the containers. 
• Instead of doing the demonstration in front of the class, you could have student groups perform it, make 

observations, and provide a written analysis relating their observations to the ability of icefish to survive in the 
Southern Ocean. 

• At the end of the demonstration, dispose of the sodium polyacrylate or instant snow solution by pouring the 
mixture into a plastic bag and throwing it in the trash. Do not pour it down the sink. 

PROCEDURE 
SETUP 

1. Prepare the icefish and non-icefish “blood.” 
a. Label one 250-milliliter beaker (or plastic cup) “icefish blood” and the other “non-icefish blood” or “other fish 
blood.” 
b. To prepare the icefish blood, pour 100 milliliters water into the container labeled “icefish blood.” Add 1/4 
teaspoon (1.61 grams) table salt to simulate antifreeze proteins. 
c. To prepare the non-icefish blood, pour 100 milliliters water into the container labeled “other fish blood.”Add a few 
drops of red food coloring to simulate hemoglobin. 

2. Position both beakers of fish blood so that they are visible to all students. If available, connect a digital video camera to 
a projector or monitor to increase visibility. 

 

DEMONSTRATION 

1. Present the information in the overview of this demonstration and review with students how icefish blood differs from 
that of other fish species. (It contains glycoprotein molecules that function as antifreeze, and it has a higher salt 
concentration than non-icefish species blood.) 

2. Explain that you are simulating what happens when ice crystals either penetrate the skin or pass through the gills of 
fish. The white powder you add to each container represents ice crystals entering a fish’s blood. 

a. Add 1/4 teaspoon (0.58 grams) of sodium polyacrylate or instant snow powder to each container of blood. 
b. Gently swirl each container. 
c. The container of icefish blood will look cloudy and have some floating powder present. The non-icefish blood will 
react rapidly. The contents of this container will swell and form a solid gel-like substance (Figure 1). 
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DEMONSTRATION 
TEACHER MATERIALS 

The Making of the Fittest:  
The Birth and Death of Genes 

 
 
 
 
 
 
 
 
 
Figure 1: Icefish and non-icefish blood 

 

QUESTIONS 
Some possible discussion questions and answers follow. 

1. Ask students to describe the outcome of the experiment in terms of what would be happening to both the icefish and non-
icefish. Possible response: Blood will continue to circulate in the icefish. Homeostasis will not be disrupted. The 
blood in the non-icefish species will solidify and no longer circulate oxygen and nutrients. It will also expand, 
destroying tissues and killing the fish.   

2. Ask students to relate their observations to the ability of icefish to survive in the Southern Ocean.  

Possible response: The antifreeze makes it possible for icefish to survive in extremely cold water. Fish species 
lacking antifreeze proteins will not be able to survive. Since there is little competition in the Antarctic, icefish 
thrive in that environment. 

 

EXTENSION ACTIVITY 
Ask students to research and report on one of the following questions. 

1. Penguins also live in the Antarctic, but they do not have antifreeze proteins. What adaptations make it possible for them to 
survive in this harsh, cold environment? Possible response: Penguins have special, short, overlapping feathers; a layer 
of fat under their skin; rounded bodies with a lower surface-to-volume ratio that decreases heat loss; and special 
circulatory adaptations in their extremities. 

2. Are there other animal species that make antifreeze proteins? Possible response: There are a number of other animal 
species that produce antifreeze proteins, such as many Arctic fish species, snow fleas (Collembola, or springtails), 
Antarctic krill, the Arctic carabid beetle, the Nebria beetle, and the emerald ash borer. Many insect species that 
overwinter in freezing environments also make antifreeze proteins. 

3. Do any plant species have the ability to make antifreeze? Possible response: A large number of plants make 
antifreeze proteins, such as carrots, rhododendrons, ryegrass, winter barley, and forsythia. 
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