
Title: Mad Cows and mysterious brain tangles: what happens when protein folding goes wrong?


Abstract: Proteins are the molecular machines of cells, specialized to do anything from speeding up chemical reactions to acting as structural support. The fold, or shape, of proteins is essential to their ability to function, and without it, cells can lose critical functions needed for survival and homeostasis. But what happens when protein folding goes wrong? In the bizarre cases, prion proteins can misfold into a rogue infectious fold, capable of converting other healthy proteins into the dangerous fold that can form clumps and result in neurodegeneration. In the more common cases of genetic diseases, mutations in DNA can disrupt a protein’s structure and make it non-functional. In this lesson, students learn the importance of protein folding to function and explains why scientists are still studying it today. 


What standard(s) does this address? 
	NGSS Performance Expectation
Write it out, not just the #. 
	HS-LS1-1: All cells contain genetic information in the form of DNA molecules. Genes are regions in the DNA that contain the instructions that code for the formation of proteins, which carry out most of the work of cells.


	Common Core Math
(found w/ NGSS)
	




	Common Core English
(found w/ NGSS)
	






Keywords: Proteins, misfolding, disease, genetic mutation, prions


Learning Objectives: What will the students be able to do or demonstrate after this lesson? 
Use measurable verbs. Try to make them three-dimensional by using Science & Engineering Practices (HOW), Disciplinary Core Ideas (WHAT), Cross-cutting concepts (WHY) that you find with your NGSS. 

After completing this lesson, students will be able to:
 
· Understand the importance of protein folding to function and cellular homeostasis, and how loss of function can lead to various diseases

· Question and reconcile data to form a hypothesis (though the disease detective activity)

· Discuss the ways cells can combat protein misfolding and fit protein misfolding cascades to a model



Lesson plan writer name: Lannah Abasi
Lesson plan writer position and institution: Graduate student, University of California San Diego
Lesson plan writer email: labasi@ucsd.edu
Do you want teachers to contact you with questions / opportunities for classroom visits? Yes
Lesson plan outline: 

	Learning E 
	Teacher Does / Says
	Student Does 

	Engage
 How can I get students interested in this?
15 minutes
· 15 min read and form hypothesis in groups
	T: Give students the following 1990s New York Times article, along with fact sheet of the disease’s properties. 

Tell students the disease has been transmitted to humans and that these are the facts: 
1. Similar, to Mad Cow’s disease, it makes holes in brains, and causes neurodegeneration in its human victims
2. Its smaller than a virus or bacteria
3. No genetic material found (DNA or RNA)
4. Resistant to high heat, harsh chemicals, and radiation (all treatments that kill viruses, bacteria, and fungi)
5. Injecting infected brain tissue into another animal would cause it to develop the disease
6. There is no immune system response in the victims
7. There is a long incubation time: no symptoms for years
8. It progresses quickly, and is universally fatal within months of symptoms 

Ask students to discuss in a small group (for five minutes) to form a hypothesis about what’s causing the disease. Guiding questions include:
1. What is causing the disease?
2. How is it being transmitted from animals to humans?
3. If you were a scientist trying to figure this out, what other questions would you ask? (e.g. did the victims have any shared traits, live in the same place?)

The teacher should encourage the students to have a justification for their hypothesis. 
	S: Disease detective activity: Students discuss in small groups, and form a hypothesis explaining how the disease is being transmitted from animals to humans and what’s causing it?  They should be able to justify their hypothesis.  



 

	Explore
What tasks / questions can I offer to have students puzzle through this?
15 minutes
· 5 minutes to share hypotheses with class
· 5 minutes video
· 5 min concept introduction and explanation
	T: Teacher-facilitated discussion on what could have caused the disease. Solicit the student groups’ hypotheses and write them on the board or shared Google Doc. Teacher should mention when students’ hypotheses conflict with data.  Then show the following video revealing the true answer: Proteins are the culprit. 

Introduce concept: Proteins are encoded by DNA, but they are more than just their sequence. For proteins to work, they also need to be folded into the correct 3D shape. 

Analogy: Just as a bent or misshaped screwdriver can’t do its function, neither can a protein.

The teacher can now show the supplemental visual presentation to show what this looks like 

	S: Student groups will share and justify their hypotheses with the class



	Explain
How can I help students make sense of their observations? 
· 15 minutes lecture/elaboration
	T:  The teacher will briefly present on the way’s proteins can misfold or lose function: hereditary (genes predispose the protein to misfold), sporadically (totally random and unlucky), and acquired (e.g. a cow eating the brain tissue of another infected cow). When proteins misfold, they have the wrong shape so are non-functional, but also expose “sticky” protein regions that can clump together and be dangerous to the cell.

The teacher can then talk about how the body fights protein misfolding. Protein folding is so important that cells are prepared, and have mechanisms to find and destroy bad proteins (using the proteasome), or to fix their fold (using chaperone proteins)

Chaperones are the quality control proteins of the cell that help other proteins fold correctly and stop them from clumping together. 
The proteasome is a protein complex that destroys and recycles proteins that are damaged or aren’t needed. It also helps in the case of misfolding caused by ribosomes, the cellular machines that make proteins, making a mistake in translation. Also, some cellular stresses cause proteins to denature, or lose their fold, and aggregate. The proteasome can clear it out


	S: Students should take notes during the lecture component and 



	Elaborate
How can my students apply their new knowledge to other situations? 
· 20 minutes
	T: Modeling protein misfolding cascades: Discuss the cascading aspect of prion protein misfolding, and how that number of misfolded proteins changes over time, and if they had to draw a graph, what would that look like? Discuss linear, exponential, and lastly a sigmoidal shaped curve.   Ask students to fit the misfolded protein growth to one of those models. 

Note: The teacher can guide them to sigmoidal. Remind them that the misfolded protein can’t increase infinitely and must plateau. They can split it up to 3 stages: the lag phase, log phase, and plateau. The students should draw a model with misfolded protein as the y-axis and time as the x-axis. The three phases should be labeled, and the teacher should ask students to discuss the following:
1. What form of the protein is dominating at each stage? i.e. misfolded protein vs.  healthy protein. Monomer vs. aggregate/large oligomer
2. What stages of the curve should chaperones and the proteasome be acting?
3. What stage do you think the patient would start to show symptoms in the disease?
4. Think creatively! You are scientist trying to make a drug and cure to stop this disease. Which stage of the curve would be the best time to target? What would be your strategy? Bonus points if you can think of an idea for each stage of the graph. 
5. Some prion diseases have incubation periods of 20 years! What part of the curve would the incubation time be? How could it last that long?
6. When most proteins misfold, they don’t convert other proteins to the misfolded state. What would the graph look like in the case of a more normal protein misfolding randomly? Compare and contrast the graph with and without the response action of the proteasome and chaperones.

	S: Students will get in small groups and discuss the questions.  


	Evaluate 
How can I help my students self-evaluate and reflect on their learning? 
· [bookmark: _GoBack]5 minutes in class (written reflection written after class)
	T: Reiterate the main point that protein structure is critical to function. Give students the supplemental reference worksheet.  Suggest they read the reference sheet to learn more about other diseases that are a result of protein misfolding or gene mutations causing loss of function. Ask students to reflect about what they learned, anything they found exciting, and to write about what they discussed with their groups in the modeling protein misfolding cascades activity. Suggest further readings:

Bonus/Further reading: Breakthroughs in Science
· The scientist that discovered prions earned the Nobel Prize in Medicine 1997. Read more!
· Recently, scientists discovered a way to specifically edit human genomes in a way that makes it possible to fix mutations and potentially cure genetic diseases. Read more about the Nobel Prize in Chemistry 2020.
	S: Write journal reflection and submit. 
 




Appendix: 
Background information for the teacher (bulleted & concise). Links to videos, pop science articles (kid-appropriate). Anticipate student questions and provide answers here. Explain any prepwork required. Include list of materials needed (keep them cheap, household items), attach worksheets you’ve made, list any websites or software needed for the activity. 
· Further reading/summary: http://sitn.hms.harvard.edu/flash/2010/issue65/ 
· Supplemental Activities
· Protein folding origami activity: https://www.youtube.com/watch?v=3OCd570EQb8 
· Protein denaturing activity: https://www.youtube.com/watch?v=8k6D8ajTRlc 


