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Abstract: 

Viruses are always looked upon as something scary. They are thought to be a nuisance to the human-kind (which most are). However, scientists have been able to hack the viruses (much how they hack us when we get infected) and can now use them to deliver special goods to special cells. There are specific things the viruses need to make more copies of themselves. With simple matching exercises, the students can learn how to design their own experiments to get answers to how the brain works. This will give the students insight into how scientists think and design experiments using something we all fear; viruses. 






What standard(s) does this address? 
	NGSS Performance Expectation
Write it out, not just the #. 
	
	HS-LS1-1.
	Construct an explanation based on evidence for how the structure of DNA determines the structure of proteins, which carry out the essential functions of life through systems of specialized cells.



LS1.A: Structure and Function 


	Common Core Math
(found w/ NGSS)
	
none



	Common Core English
(found w/ NGSS)
	
none
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Learning Objectives: What will the students be able to do or demonstrate after this lesson? 

After completing this lesson, students will be able to:
 
·  How do viruses enter cells? 

·  What do the viruses do after hijacking the cell?

· Why does the cell die after being infected with the virus? 


Lesson plan outline: 


1
Lesson plan writer name: Janki Patel
Lesson plan writer position and institution: Research Assistant, Salk Institute for Biological Studies 
Lesson plan writer email: jpatel@salk.edu 
Do you want teachers to contact you with questions / opportunities for classroom visits? Yes



	Learning E
	Teacher Does / Says
	Student Does 

	Engage (5 mins)
 How can I get students interested in this?
	Get them excited about using something evil (viruses) for our benefit. Start by asking questions like ‘why do we all hate viruses?’ ‘but what if we were able to understand them and work with them?’

	Teach them how viruses infect cells and kill them.


	Explore (20 mins)
What tasks / questions can I offer to have students puzzle through this?
	How do viruses end up killing the cells? 
Have the students figure out the mechanism and identifying something that can be modified that would end up not killing the cell. 
This might require them to understand how a cell machinery works. How the cell takes DNA and makes proteins. 



	What is the exact mechanism by which viruses kill cells? Is it because they enter the cell? Something they do after entering? Or is it when they are leaving the cell? Look through the web and try to find answers to these questions. 


	Explain (20 mins)
How can I help students make sense of their observations? 
- let them try to explain first
	Connect exploration to the concept under examination
Now that the students know what kills the cells upon infection by a virus, what are some modifications they can do to prevent cell death. 

	Understanding the mechanism of virus infection can be complicated. DNA, RNA, receptors, replication, transcription, translation, protein. 

	Elaborate (20 mins)
How can my students apply their new knowledge to other situations? 
	Now that the students know how a cell machinery works, and what parts of the machinery are hacked by viruses and what can be done to prevent cell death, they can go beyond and think about what viruses can be used for now. 

Can mention insulin and how it is produced in bulk in bacteria by infecting them with a virus that carries DNA information to produce insulin. 
	So think about this! You now have a way in which you can use a virus and delivery whatever you want to the cell, without the cell dying. Can you think of any diseases where the cells cannot make enough of something and perhaps you can give them a boost by infecting them with a viruses and increase production! 

	Evaluate (20 mins)
How can I help my students self-evaluate and reflect on their learning? 
	At this point, the students should be able to think of multiple other illness where there is underproduction of proteins because of a lack of a DNA copy or other reasons. Similar tactics can be applied for these conditions. 

In addition to that, because we can now control the cells by infecting them with virus we can specifically study the effects of turning on specific brain regions! 



	Now you do the exercise. Use the tool box provided and try to design experiments. The exercises so far were to help you understand how viruses work. 




Appendix: 

1. Viruses enter cells by identifying a receptor on the surface that lets them in. 
2. Once inside the cell, they use the cells machinery to make RNA and protein
3. After which, they leave the cell to go to other cells to infect them 
4. During this leaving process, the cell pops and dies 
5. Scientists have devised a way to prevent the virus from leaving the cell and this allows us them to target specific cells. 

Viruses have the DNA of interest that is flipped. Hence, when the virus infects the cell, it does not express the protein of interest. However, we can have special animals that have an enzyme in our cells of interest that can flip the DNA in the right orientation. This way, only the cells that have this special enzyme will express our DNA of interest. To make it simpler, can just say that the virus needs a special enzyme to express the DNA they are carrying. Hence, the exercise will provide a set of animals that have the enzyme expressing in different kinds of cells, and viruses that have different DNA. The students will then be given a scientific question to answer and will be required to design an experiment by pulling out the animal and the virus they would use. 

Question: We can all agree that exams are stressful times. We often find ourselves very hungry and end up stress eating, most commonly sweet treats. One would think that all the brain power we use makes us hungrier. If there potentially a link between brain activity and hunger? With that being the case, what might interest us further is if the sugar treats are processed faster when we are working hard for exams as compared to otherwise. When we eat sugar, our blood sugar level rises. Pancreas are involved in blood sugar management. They sequester the sugar from the blood and process it. One could measure blood sugar levels every 15 minutes for 2 hours after the intake of sugar and compare the decrease in blood sugar level in stressed vs non-stressed individuals.

To test these two questions out, if there is any correlation between brain activity and hunger and if the metabolism of the sugar is faster in stressed individuals, we could design experiments using the tool-box below and some key information hidden in the paragraph above. 


Tool-Box
1. Mice with the enzyme expressed in stomach 
Mice with enzyme expressed in brain cells 
Mice with enzyme expressed in the pancreas
2. Virus expressing gene that activates cells in the brain 
Virus expressing gene that inhibits cells in the brain 
Virus expressing gene that activates cells in the stomach
Virus expressing gene that inhibits cells in the stomach
Virus expressing gene that activates cells in the pancreas
Virus expressing gene that inhibits cells in the pancreas

 

Video: https://www.khanacademy.org/science/biology/biology-of-viruses/virus-biology/v/viruses
Pop science article: https://www.scientificamerican.com/article/are-viruses-alive-2004/

The students can use specific viruses to activate or inhibit certain organs and study the effect on hunger by measuring how much the food intake increases or decreases in response. Students can also do 2 modulations together. They could activate the brain and inhibit the stomach. They should be encouraged to come up with a hypothesis based some on preliminary reading or merely previous experiences. If they want to come up with other organs they want to target, that’s even better! 


STEM researcher biography (optional): 

I am Janki and I am from India. I was always inclined towards sciences, primarily biology because of my dad. He is an infectious disease specialist and I would often times find myself engaging in scientific discussions. These along with the biology classes sparked my interest in neuroscience. As an undergraduate at UCSD majoring in neuroscience, I had a wonderful opportunity of working in a neurobiology lab as an undergraduate research assistant. 
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