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Abstract 
 
Sounding the Alarm: Studying the Role of Signal Cascades in the Immune Response. 
Mark Trice1 and David Rozak, Ph. D.2   
1 Frederick High School, Frederick, MD  2 United States Army Medical Research Institute of 
Infectious Diseases (USAMRIID), Frederick, MD  
 
The purpose of this research opportunity was to investigate the methods and roles of cell 
signaling via protein cascades and their connections to the functionality of the immune system.  
During my summer internship, I worked with investigators at the United States Army Medical 
Research Institute for Infectious Diseases (USAMRIID) to develop and test the activity of man-
made protease cascades that could someday mirror the complement system in its aggressive 
response to specific signal molecules. 
 
My research experience aimed at understanding the role and function of protein cascades in 
immune responses inspired me to develop a unit for a second year Biology/AP Biology course.  
Students examine the effects of several factors, including protease concentration, substrate 
concentration, and a non-cascade reaction, on reaction rates through construction of both 
physical models and simulated protease cascades.  In this unit, students first work with a hands-
on physical, manipulative model to familiarize them with how a protein cascade works.  Then, 
all of the students will work in tandem on a kinesthetic activity modeling exactly how protein 
cascades behave.  
 
This activity allows for a cost-effective method of demonstrating protease cascades without 
expensive lab equipment and reagents.  Students translate their knowledge into the application 
stage when they examine how protease cascades work in the human body and discuss various 
uses and effects of cascades, such as protein kinases, on the immune system. 
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Instructor Section 
 

Science Background 
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These mechanistic cascades can be used to create a programmable molecular sensor which 
would respond to an analyte11

 

 and subsequently amplify and measure the signal of the reaction.  
The onset of the signal can then be correlated with the concentration of the initiating analyte.   

What will students do? 
Students will utilize a physical, manipulative model to demonstrate the pathway of a protease 
cascade.  With background knowledge and this model, students will take part in creating a 
kinesthetic representation of a protease cascade, namely the subtilisin cascade.  During the 
simulation, students will collect data and graph their results to conclude the effects of several 
variables on reaction rate.  Students will then apply their knowledge to additional comprehension 
and application assessments that allow them to explain the model in their own words. 
 
Placement 
This unit is placed in the cellular signaling and pathways chapter.  Students are already familiar 
with biochemistry applications, such as enzyme kinetics, and are also familiar with the types of 
cells and cell communication.  The concepts are also reiterated in the chapter about immunology 
within the human body unit in the AP Biology class. 
 
Student Outcomes 

�x Students will be able to model and explain what a protein cascade is and how it works. 
�x Students will be able to explain the interplay between enzymes and active sites, and how 

these interactions affect protein cascades. 
�x Students will model the release of the prodomain from the subtilisin complex and 

physically model how the cascade works. 
�x Students will explain the importance of fluorescence in the protein cascade and how these 

molecules allow for measurement of reaction rate. 
�x Students will construct, analysis, and extrapolate information from graphs to determine 

conclusions when various parameters are manipulated. 
  

                                                                                                                                                                                           
10 Lunder M, Bratkovic T, Kreft S, Strukelj B (July 2005). "Peptide inhibitor of pancreatic lipase selected by phage 
display using different elution strategies". J. Lipid Res. 46 (7): 1512–6 
11 Analyte- substance undergoing analysis.  "Analyte." Merriam-Webster. Merriam-Webster, n.d. Web. 10 July 
2013. <http://www.merriam-webster.com/medical/analyte>. 
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�x 4. B.1. Interactions between molecules affect their structure and function 
o The shape of enzymes, active sites, and interaction with specific molecules are 

essential for basic functioning of the enzyme.  
�x 4. C.1. Variation in molecular units provides cells a wider range of functions 

o Variations within molecular classes provide cells and organisms with a wider 
range of functions  
 

Next Generation Science Standards 
�x Develop and use a model based on evidence to illustrate the relationships between 

systems or between components of a system (HS- 
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Time Requirements 
This unit is designed for a 90 minute block period for a 6 day period with an additional day for 
project presentation.  Below is the unit schedule: 
Day Number

https://www.youtube.com/watch?v=dLRjiiAawGg�
https://www.youtube.com/watch?v=uF3nV0r87v8�
https://www.youtube.com/watch?v=qOVkedxDqQo�
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Teacher 
Materials 
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Lesson Plans 
 

Day 1: Introduction to Cell Signaling and Communication 

Engagement:  
Students will view the following two videos, one of dominoes falling, and the other on 
Rube Goldberg machines.  After watching the video, brainstorm on the board what the 
similarities are between the two videos.  Write all answers on the board, and then direct 
the conversation to the fact that both have a “cascading” effect, where one object sets off 
a chain reaction. 

o Domino/Rube Goldberg analogy 
https://www.youtube.com/watch?v=dLRjiiAawGg 
https://www.youtube.com/watch?v=uF3nV0r87v8 

 
Elaboration: 
Students will view the following video on general cell signaling.  Have them take notes 
and/or write down any important information from the video.   

YouTube Video: Bozeman Biology: Cell Signaling: 
https://www.youtube.com/watch?v=qOVkedxDqQo 

 

Explanation:  
Students will read the cell signaling article on cellular signaling.  They will underline all 
important information as they read. 
 

Exploration: 
Students will then complete the reading comprehension guide about the cell signaling 
article. 
 

Evaluation:  
As a class, review the main ideas of the article and how to use the reading guide to 
facilitate comprehension. 
 

  

https://www.youtube.com/watch?v=dLRjiiAawGg�
https://www.youtube.com/watch?v=uF3nV0r87v8�
https://www.youtube.com/watch?v=qOVkedxDqQo�
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Day 2: Protease Cascade manipulative and “Tag- You’re Lit” 
 

Explanation: 
Students will each receive a bag with the manipulative pieces already cut out and ready.  
Follow directions on the paper and as a class, simulate a protease cascade. 
 

Engagement: 
Students will receive a paper copy of the “Tag-You’re Lit” lab paper.  Students will be 
given roles and act out each of the three trials of the activity. 
 

Evaluation: 
Students will collect their data and graph the data to show trends. 
 

Exploration: 
Students must discuss in their group what trends exist, what the trends in the data 
suggest, and how that relates to real-life protease cascades 
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Day 3: Cell Signaling Notes 
 

Engagement: 
Students will write how a protease cascade works in their own words.  Their definitions 
will be placed on a post-it note.   
 

Exploration: 
Then as a class, all notes are reviewed and one master definition will be made to help 
students make a comprehensive example. 
 

Explanation: 
Students will take Cornell notes on cell signaling pathways 
 
Teachers: Please be aware that these notes outline the basics of immunology, 
however further detail will need to be supplemented through audio visual resources, 
kinesthetic activities, manipulatives, etc.  Details, such as Helper T cells, 
macrophages, interferons, etc. are asked on the quiz; however there are not 
DETAILED notes on all of the immunological processes.  This allows freedom for 
the teacher to explore these concepts however he/she chooses. 
 

Evaluation: 
Students will receive a cell-signaling critical thinking question.  They may answer as 
partners and turn in one slip per group as an exit ticket.  These will be used to spur any 
conversations or fix any misconceptions at the beginning of the next class. 
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Day 4: Group Quiz and “Fire!” Analogy 
 

Engagement: 
Students will review the exit tickets from the prior day and review any concepts that were 
unclear.   
 

Evaluation: 
Students will complete a group quiz of 10 questions.  They will first try to answer the 
questions independently, and then as a group, they will discuss their answers to arrive at 
their final answers.  (This promotes “Team Based Learning” that allows for collaboration 
among students.) 
 

Elaboration: 
Students will receive a copy of the “Fire!” Analogy paper.  As a group, they must derive 
their constructs for how a fire evacuation mimics a protease cascade.  All Final drafts of 
their proposals are due at the end of the class. 
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Day 5: Erectile Dysfunction Group Activity 
 

Engagement: 
As a class, all “Fire!” analogies are presented, and students are asked to vote for their 
favorite construct that helps to parallel the protease cascade. 
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Day 6: Group Activity and Immunology presentation 
introduction** 
 

Explanation: 
Students will continue to work on the group activity and share their answers with other 
groups. 
 

Engagement: 
Students will receive a copy of the immunology/cell signaling activity and begin to 
brainstorm ideas.  By the end of class, students must present to the teacher what disease 
they would like to work with and a rough outline of their important points/main ideas 
they want to cover.  They are allowed to use computers for the entire class. 

**this activity can be continued for however long you’d like to give for research 
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Teacher Version: Cell Signaling 
 

What Kind of Signals Do Cells Receive? 
 
Cells must be able to receive signals, as well as propagate signals to elicit a response. Chemical 
in nature, cell signals can be used as sensor mechanisms, growth factors, hormones, and 
neurotransmitters.  Neurotransmitters, a class of short-range signaling molecules that travel 
across the neuromuscular junction, aid in intracellular signaling among neurons.  Other 
molecules, such as FSH (Follicle Stimulating Hormone), move further from the targeted cell 
traveling from the brain to the ovary, resulting in egg release form the ovary.  Other signaling 
molecules aid in mechanical stimulation of cells, such as cells in the ear reacting to movement of 
sound waves, baroreceptors that detect changes in blood pressure in the vascular system, or 
pressure sensors in the skin. 
 
How Do Cells Recognize Signals? 
 
Extracellular receptor proteins bind to signaling molecules in order to initiate certain types of 
responses, whether they are chemical or physiological.  There exist different types of receptors, 
depending upon their target and/or function; dopamine receptors bind to dopamine, insulin 
receptors bind to insulin, etc.  The signal pathway begins when transmembrane protein receptors 
bind to extracellular signaling molecules and subsequently transmit the signal through a series of 
“molecular switches” which in turn initiates signaling pathways within the cell resulting in a cell 
signal being propagated within the cell. The membrane receptors that initiate the intracellular 
signals include three different classes: G-protein coupled receptors, ion channel receptors, and 
enzyme-linked receptors. 
 
For example, gated ion channels, such as acetylcholine receptors allow for soluble materials to 
travel across the membrane when the pore is open, and, when the pore is closed, no external 
signal is present.  Therefore, when an acetylcholine molecules bind to a receptor, a 
conformational change within the membrane allows for transport of ion is through the 
membrane. 
 
How Do Cells Respond to Signals? 
 
After the signal is received from the receptor protein, a conformational change occurs, thus 
launching series of biochemical reactions known as a signal transduction cascade.  This amplifies 
the message and propagates the signal throughout the cell.  After the receptor activates the 
cascade, secondary messengers are triggered which initiate and coordinate the intracellular 
signaling pathways.  The quintessential example is cAMP, a common secondary messenger 
which contributes the increasing propagation of the signal. cAMP,  synthesized from 
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How Do Signals Affect Cell Function? 
 
Through the process of phosphorylation, protein kinase enzymes catalyze the transfer of 
phosphate groups, specifically with proteins containing the amino acid serine, threonine, and 
tyrosine, as these are common phosphorylation sites.  This process of phosphorylation causes a 
conformational change, resulting in either activation or inhibition of enzyme activity.  
Phosphorylation also allows for control of protein function, receiving of signals, and response to 
stimuli. 
 
 
 
Adapted from: http://www.nature.com/scitable/topicpage/cell-signaling-14047077  
  

http://www.nature.com/scitable/topicpage/cell-signaling-14047077�
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Teacher Version: Tag- You’re Lit! 
The goal of this activity is to show how reaction rate and fluorescence varies when different 
parameters of the protein cascade reaction are manipulated. 
 
______________________________________________________________________ 
ATTENTION! 
For all simulations, you will need to: 

1. Choose one person as a “student timer” that will sit at the “fluorescent end zone” 
and record the time from when the simulation started until each person crosses the 
line into the designated area. 

a. Alternatively, the teacher could set up a video camera that would run for the 
entirety of the simulation.  This provides the opportunity for all students to 
participate as well as provides a digital record of data. 

2. Choose one student as the “free subtilisin” (FS) molecule that will begin the 
simulation by tagging one of his/her fellow students, thus beginning the reaction. 

 
Simulation 1: Reaction Rate 
Here the speed with which a person gets up from a sitting position will show how reaction rates 
can vary. 
Trial 1: 

1. Spread out all students on a large field, i.e. football or soccer field, or large gymnasium.  
These students should be sitting on the ground. 

2. 
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5. Once all students have entered the endzone, stop data collection, either by your 
timekeeper or stopping the tape if you chose the videotape method. (This can also be 
adapted to iPhone usage if you have a tall enough tripod.) 

 
Simulation 2: Concentration of Reactants 
The demonstration shows variation of how the size of the test tube, or concentration of reactants, 
changes the reaction rate.  This will be measured by changing distance between students, i.e. 
increasing and decreasing concentration. 
Trial 1: 

1. Students will spread out along the playing area of your choice (football field, etc.).  The 
more spread out for this simulation, the better! 

2. When teacher says “GO”, the student timer will begin his/her timer for data collection 
and count how many students enter the endzone and the corresponding time.  See the 
ATTENTION note at the top of the page 19 for alternative procedures for student timer. 

3. After the teacher says “GO”, the FS student will proceed towards the end zone, tagging 
anyone he/she comes across.   
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Simulation 3: Non-cascade Reaction 
In this simulation, some students will become uninhibited and be able to proceed with the 
cascade, while others, once tagged, will simply go to fluoresce, not being able to tag other 
students.  In a protein cascade reaction, not all molecules will perpetuate the cascade; some 
molecules may simply light up the fluorescent tag. 
Trial 1: 

1. As before, assign your student timer and your FS student. 
2. Spread students out along the playing area.  This time distance is not a crucial 

component, so a large displacement is not necessary. 
3. All students playing the game, EXCEPT the FS student, will receive a secret card.  This 

card will either say “FLUORESCE” or “CASCADE”.    
4. When the teacher says go, the FS student will proceed towards the endzone, tagging 

students along his/her way.  As a student is tagged, they will look at their card.   
a. If they have a card that says “FLUORESCE”, then they will not be able to tag any 

other student.  They proceed directly to the endzone and break their glow stick. 
b. If the student has a card that says “CASCADE”, then they will be able to tag other 

students as they make their way to the endzone.  
5. Gather data and record times that each person entered the endzone and broke their 

lightstick to show fluorescence. 
 

Post Lab Discussion 
After all trials have been completed, post data sets to provide students access to experimental 
data.  For each trial, students will need to construct a graph displaying the results from each 
simulation.  Then, discuss the results and compare theoretical data with experimental data.  An 
example has been shown below. Finally, discuss the biological concepts behind each data set, i.e. 
by increasing the concentration of subtilisin, the reaction rate increases which will provide a 
steeper curve earlier in time. 
 
Theoretical graph for increasing subtilisin concentration increasing reaction rate 
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3. Cell signaling 
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6. Describe what would occur if a cell has activated protein kinase enzymes that are 
activated over a long period of time. 

a. The transcription factor will continually transcribe the DNA strand, given 
that the protein kinases remain active. 

7. What would occur in a cell if the protein kinase enzymes were deactivated? 
a. Phosphate groups 



https://pogil.org/uploads/media_items/descriptions-of-roles-expanded.original.pdf�
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Phosphorylation cascades involving a series of protein kinases are useful for cellular 
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Student 
Section 
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Adapted from: 

http://www.nature.com/scitable/topicpage/cell-signaling-14047077�
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Cornell Notes Template 
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Tag- You’re Lit! 
The goal of this activity is to show how reaction rate and fluorescence varies when 
different parameters of the protein cascade reaction are manipulated. 
______________________________________________________________________ 
ATTENTION! 

For all simulations, you will need to: 

1. Choose one person as a “student timer” that will sit at the “fluorescent end 
zone” and record the time from when the simulation started that each 
person crosses the line into the designated area. 

a. Alternatively, the teacher could set up a video camera that would run 
for the entirety of the simulation.  This provides the opportunity for 
all students to participate as well as provides a digital record of data. 

2. 
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Trial 2: 

1. Gather your student timer as noted before. 
2. This time, three students will become FS students.  Each of them will proceed to 

the endzone as in Trial 1, tagging others along the way. 
3. Record times that each person entered the endzone and broke their lightstick to 

show fluorescence. 

Trial 3: 

1. Repeat the above procedure, however this time, start with five FS students. 
2. Gather data and record times that each person entered the endzone and broke 

their lightstick to show fluorescence. 

 

Simulation 3: Non-cascade Reaction 

In this simulation, some students will become uninhibited and be able to proceed with 
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Data Table Analysis 
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http://www.ilr.cornell.edu/trianglefire/story/fire.html�
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Name (s) ______________________________________________________ 

Erectile Dysfunction and the Cell Signaling Pathway 
 

Cell signaling can have real-life applications, one common problem among men being erectile 
dysfunction.  While many medications can be prescribed, a holistic approach has been 
suggested among the medical community.   

 

Within your group, complete the following tasks and be prepared to explain your research to 
other groups in the class. 

1. Research what erectile dysfunction is, what causes it, and how it is currently treated. 
2. Examine the cell signaling pathways that exist in this disorder.  Be sure to address topics 

such as the primary messengers of nitric oxide and cGMP as a secondary messenger, as 
well as how all these events correspond to interactions with Ca++ and myosin to 
produce an erection. 

3. Address the holistic approach of administering ginseng and how this mechanism works.  
What effects does ginseng have on nitric oxide levels?  What effects does Viagra have 
on PDE5 and cGMP levels in the body? 

4. Provide your recommendations as the patient’s doctor as to what course of treatment 
you find most effective and what specific dosages would you prescribe? 
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Name(s) _______________________________________________________ 
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Phosphorylation Cascade 

1. Draw a cell signaling cascade.  Now show specifically when phosphorylation occurs and 
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IMMUNOLOGY AND CELL SIGNAL PROJECT 
 

Each pair of individuals will choose from the list below. No topics may be chosen twice. Students who wish to 
work alone may also do so. I suggest that when you begin your research you Google the disease and cell 
signaling or signal transduction. I have tried this for each disease and it will get you off to a good start. 
 
Your responsibility is to develop a poster that explains the basic immunology of the disease and its relationship 
to a faulty signal transduction pathway. Much of this research is "cutting edge." Your poster must explain both 
the "normal" pathway and the "faulty" pathway. Pictures and graphics are also necessary. I do not expect you 
to work at the graduate level on this project but I do expect you to be able to explain, in your own words, the 
basics of the mechanism and the way in which the failure of the mechanism leads to disease. 

Grading: Total Points - 80 
 

Format - poster - 15 points 
 
Traditional Poster 

�x 18" X 24" minimum 
�x 
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Name(s) _____________________________________________________ 
Block ______________ Date __________________ 
 

Cell Signaling/Immune System Group Quiz 

1. Describe the three lines of defenses we as humans have against germs.  Also 
explain how each line protects us. 

 

 

 

 

 

 

 

2. Define a signal transduction pathway   
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4. Nur77, an orphan nuclear receptor, plays a key role in apoptosis in T cells.  
It was also shown in an experiment by Wang et al that Nur77 is the 
physiological substrate of the MEK-ERK-RSK cascade, which functions as 
a phosphorylation cascade for the intracellular translocation during T cell 
death. 
 
Wang, A, J Rud, CM Olson, J Anguita, and BA Osborne. "Phosphorylation of Nur77 by the 
MEK-ERK-RSK cascade induces mitochondrial translocation and apoptosis in T cells.." J 
Immunology 183: 3268-77. Print. 
 
  
Phosphorylation cascades involving a series of protein kinases are useful for 
cellular signal transduction because 

a. They are species specific 
b. They always lead to the same cellular response 
c. They amplify the original signal manyfold 
d. They counter the harmful effects of phosphatases 

 
 

5. 
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Matching: Match the word with the description below. You may use words more than 
once, once, or not at all. 

B cells    Macrophages   

Helper T cells   Cytotoxic T cell 

7. Bonds to class II MHC molecules ____________________ 
8. An APC that is also a part of innate immunity________________ 
9. Responsible for humoral immunity _____________________ 
10. A lymphocyte that secretes cytokines to stimulate other lymphocytes 

_______________ 
 

11. Describe three responses by the innate immune system in response to a 
pathogen. 

 
 

 

 
 
 
 

 

 
12. Explain the positive feedback loop in regards to how Helper T cells use cell 

signaling to initiate an active immune response.   
 

 

  

  


