
Title: Commensal vs. Pathogenic Bacteria in the Gut Microbiome 

Abstract: 

The ecosystem of bacteria that live on and within us play a huge role in regulating our human health. Maintaining the proper balance of good bacteria to bad bacteria in the gut in particular, is necessary to avoid various medical conditions ranging from type 2 diabetes and obesity to autism and depression. In this lesson, students will play an “Among Us” or “Werewolf” style game over Zoom to demonstrate how the microbiome helps to regulate and prevent the bad bacteria from growing in the gut. Through this game, students will learn terminology related to microbiology, symbiosis, the microbiome, and the immune system. Understanding the protective effects of bacteria will show students why bacteria are necessary and why we should be taking care of our microbiome. Students will then be able to think critically about how their choices and experiences affect their own microbiome. 

What standard(s) does this address? 
	NGSS Performance Expectation
Write it out, not just the #. 
	HS-LS2-6. Evaluate claims, evidence, and reasoning that complex interactions in ecosystems maintain relatively consistent numbers and types of organism in stable conditions, but changing conditions may result in a new ecosystem. 

	Common Core Math
(found w/ NGSS)
	MP.2 Reason abstractly and quantitatively.



	Common Core English
(found w/ NGSS)
	RST.11-12.7 Integrate and evaluate multiple sources of information presented in diverse formats and media (e.g., quantitative data, video, multimedia) in order to address a question or solve a problem.
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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:
 
· Using a role-playing game, students will apply microbiology-related terminology, categorize types of cell roles in the gut, and demonstrate how the microbiome provides its protective effects to evaluate the role of good bacteria in the microbiome.
· Through watching videos and discussion, students will assess their own personal experiences and choices that shaped their microbiome and propose ways to help maintain healthy gut microbiomes in the future. 
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	Learning E 
	Teacher Does / Says
	Student Does 

	Engage
How can I get students interested in this?
	T: 
Provide students with a link to video before class


Ask students how the gut microbiome plays a role in human health.


Ask students how they think their actions and life experiences have shaped their microbiome.

	S: 
https://www.youtube.com/embed/5DTrENdWvvM
(~7 minutes)


Students should have an idea of how the gut microbiome contributes to human health after watching the video.
(~5 minutes)


Students may mention food, may mention the way they were born or the surfaces/environments they have encountered.
(~3-5 min) 

	Explore
What tasks / questions can I offer to have students puzzle through this?
	T: 
Teacher will introduce the “Werewolf”-style game.

Ask students to turn their webcams off and mute themselves.

Randomly assign students to be the werewolf, healer, and seer. Those who are not assigned one of those roles is a townsperson. Private message the students their roles.

Teacher will narrate the situations to the class. (How to facilitate game over Zoom is in the teacher comments section, in additional to some prepared scenarios for each round.)

	S: 
This game utilizes the webcam function. If some students do not own a webcam, then it is still possible to play as long as everyone turns their cameras off.

Students will participate in “Werewolf” style game. (5 minutes to get started, ~15-20 minutes of gameplay)
	

Students will be assigned roles through private message.








Students will communicate with one another using Zoom private messaging system or some other platform such as Discord or Slack that allows for communication. 

	Explain
How can I help students make sense of their observations? 
- let them try to explain first
	T: 
Ask students to connect the roles of each of the characters in the game to the microbiome concept.  





Ask students why the werewolves can win. How does that compare to the bacterial diseases and the balance between commensal and pathogenic bacteria in the gut?

	S: 
Students may answer:
Werewolf- pathogenic bacteria
Seer: T-cells or bacteria surveying the area and signaling to the other cells 
Healer: Bacteria that provide protective effects, immune system clearing infections, or antibiotics. 
Townspeople: the other members of the gut microbiome that talk to each other about their environment
(5-8 minutes)

Students may answer:
The werewolves outnumber the townspeople and disrupt the community. This is similar to disruption of the healthy gut ecosystem by pathogenic bacteria. When there is an imbalance of good to bad bacteria in the gut, the health of the individual is compromised. 
(5-8 minutes)

	Elaborate
How can my students apply their new knowledge to other situations? 
	T: 
Have students conduct their own research investigation and find examples of commensal and pathogenic bacteria in different environments such as the gut, mouth, skin, nose. Ask students to determine how that commensal bacterial displays protective immunity against the pathogenic bacteria.  

Ask students to share their findings with the class.



	S: 
Students will conduct an independent further investigation into pathogenic and commensal bacteria. Students will take notes regarding their bacteria in preparation to share with the class.

(~15 minutes)












Students will share their findings to the class. 

	Evaluate 
How can I help my students self-evaluate and reflect on their learning? 
	T: 
Ask students to propose ways that they can improve or maintain the health of their microbiome.




	S: 
Students will journal or submit a paragraph detailing their ways and how those actions regulate their gut microbiome. 
(~10 minutes in class or do independently)





Appendix: 

· Link to how to facilitate “Werewolf” style role-play game: https://anjuansimmons.com/blog/how-to-play-werewolf-over-zoom/
· Examples of scenarios you can use for Werewolf
· When the werewolf successfully attacks a townsperson
· The werewolf put on a disguise so that the townspeople couldn’t recognize it and attacked someone (evading the immune response)
· The townspeople were throwing a huge party, and everyone was attending except for (student name). They were sick and had to stay home. The werewolf did not like crowds but noticed (name) was by themselves and decided to attack. (Colonization of good bacteria inhibits the colonization of bad bacteria)
· One of the townspeople owns a shop that sells werewolf repellant. It is the best repellant on the market. However, the resources to make the repellant became scarce. One day, (name) was wandering around the nearby forest and came face-to-face with a werewolf! They reached for the repellant, but it was empty and they were subsequently attacked (antimicrobials produced by the commensal bacteria aren’t working). 
· When the werewolf is not successful
· The townspeople had a factory that produced just the right amount of food. No one starved and there were was no excess. When the werewolves came through town, they was not any food available for them to eat (competition of good vs bad bacteria, good bacteria use up all the resources and inhibit the growth of the bad bacteria)
· One of the townspeople owns a shop that sells werewolf repellant. It is the best repellant on the market. However, the resources to make the repellant became scarce. One day, (name) was wandering around the nearby forest and came face-to-face with a werewolf! They reached for the repellant, and sprayed him. They werewolf cowered and ran away. (Effective antimicrobials produced by the commensal bacteria)
· Other easily digestible videos
· https://www.youtube.com/embed/VzPD009qTN4
· Aimed towards high school students
· Discusses how the microbiome impacts us (depression, obesity, diabetes)
· Discusses how we impact the microbiome (food, the way we were born, surfaces we’ve come into contact with)
· One caveat is that it does discuss fecal transplants and this may not be age appropriate)
· https://www.youtube.com/embed/1X8p0vhsWRE?feature=youtu.be
· This one is <4 minutes long and is especially helpful for middle school aged students
· Some questions you may encounter
· Regarding probiotics
· Probiotics are especially important in reintroducing healthy bacteria into the gut
· Regarding antibiotics
· Kills some of the bacteria in the gut, and this also disrupts your gut microbiome. This is why you can experience some adverse reactions to  taking them (like nausea or loss of appetite). It is also important to take probiotics to reintroduce healthy bacteria after taking the full dose of the antibiotics. If you don’t take the full dose of antibiotics, then the bad bacteria can become resistant to the antibiotic over time.)
· Can good bacteria become bad?
· Yes, some bacteria that are naturally a part of your microbiome can invade your cells and make you sick. These are called opportunistic pathogens. For example, E. coli is naturally found in your gut, but if you have a wound and it accidentally enters the cut, the bacteria will enter the bloodstream and cause sepsis. 
· Immunocompromised people (like the elderly, young kids, or pregnant women) are easily susceptible to disease from otherwise commensal bacteria. 



STEM researcher biography (optional): 
[image: ]Tell the teacher and their students about who you are, where you’re from, what got you into science. Include a picture of you (doing your science or otherwise), if you feel comfortable doing so. 

My name is Dalaena Rivera and I’m a 23 year old joint doctoral student at SDSU and UCSD. I’m originally from Surprise, Arizona where I majored in microbiology at the University of Arizona in Tucson. I originally went to school to become a veterinarian, and after taking one microbiology class, I switched majors. I like microbiology because it makes me feel like the Lorax as I am speaking on behalf of these organisms that cannot speak for themselves. 
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