[bookmark: _s5kp42i284qg]Functions for Common Phage Proteins
Learning Activities- Instructor Guide

Description: 
These learning activities were created to help students better understand the functions of common structural and enzymatic proteins encoded in phage genomes, and relate these functions to phage structure using electron micrographs, phage life cycles, and to phage genome architecture. 

This activity involves 3 parts. Parts 1 and 2 go together. Part 3 includes several opportunities for students to practice using approved function names (Activity set 1), as well as 2 other activities that can be used to test their understanding.  Part 3 activities are optional, and can be used after Parts 1 and 2 are completed, as stand-alone activities, or interspersed within Parts 1 and 2.

Detailed instructions and information are given in this document for each of the activities listed below. Text in Italics represents the exact questions/text found in the accompanying student activity document. 

Part 1: Introductory Brainstorm (35  minutes)
Complete both in order, or just do #2 (as it leads most directly to Part 2).
1. Choose Your Phage Adventure - 15 minutes
2. Brainstorm - 20 minutes
Part 2: Identifying and Organizing Phage Protein Functions (40 minutes)
Complete the following, in order:
1. Labeling of Electron Micrograph and Lifecycle Diagram (10 minutes)
2. Sequential ranking and grouping of functions (5 minutes) 
3. Labeling of Model Genome Phamerator Map (25 minutes)
Part 3: Reinforcing Functions and Terminology 
Choose one or more of the following activities.  Activity set 1 is intended for practice, but Activities 2 and 3 can be used as assessments.
1. Activity Set 1: Matching games, crossword puzzle, EdPuzzle videos - 15-20 minutes each
2. Activity Set 2: Required Function or Not? activity - 40 minutes
3. Activity Set 3: Labeling & Reflection - 20 minutes
Additional Resources:
1. Activity Preparation Ideas
2. Phage Assembly Figures
3. Online Teaching Resources,Tools, Video Bank, and Assessment Question Bank


Part 1:  Brainstorm

Objective: 
· Develop/Identify a set of common functions and/or proteins that should be encoded in phage genomes

Activity 1.1:  Choose Your Phage Adventure (15 minutes)
Description:  Individually or in groups, students play the role of a phage attempting to infect a host, replicate, and eventually lyse the cell, through a series of “what should you do next” types of questions, using the provided Google Form (see link below).  This could be assigned as homework to complete before class if time is an issue. Students will then discuss their phage adventure with a group.
Instructor copy: Please go to the link and make a copy of the activity to save in your own Google Drive. You can then edit and modify it as needed, or use it “as is”. If you make edits to this activity that you’d like to be incorporated into the template to be available to the community, please contact Andy Beyer at abeyer@vsu.edu.

https://docs.google.com/forms/u/1/d/1JJQCSJZl13EnjtkgIymqpOVpRqqa5-Pb-MYLUWl8O8s/copy

Click ‘send’ from within the form to share with students when you are ready for them to use the activity.

Activity 1.2:  Brainstorm (10 minutes)
Description:  In groups, students will brainstorm a list of proteins and enzymes  that might be necessary for a phage to infect a cell and produce more phages. 
· Emphasize that the students should use their own words, and not worry about proper terminology at this time. To complete this activity, students should think of the steps involved in the process and the types of proteins or functions that might be necessary to complete those steps. The aim is for students to come up with at least 6 different proteins or functions. 

Student Activity file:  Part 1_Brainstorm - Student



Part 2:  Identifying and Organizing Phage Protein Functions

Objectives: 
· Relate phage functions/proteins to a phage electron micrograph and lifecycle diagram
· Categorize phage gene products according to their roles in phage structure, in phage replication, and in life cycle regulation.
· Analyze the placement of groups of phage functions within the genome using phamerator maps

Activity 1:  Labeling of Electron Micrograph and Lifecycle Diagram (10 minutes)
Description:  Students continue to build their list of phage functions by attempting to label the phage life cycle and an EM image of a phage.  Guided by the category boxes in the life cycle diagram, they should be able to come up with more proteins or functions of proteins that they may have missed previously.
1. Using the proteins or functions that the students came up with in the previous activity, have students label both the electron micrograph of Mycobacteriophage Iwokeuplikedis (cluster A2) and the phage lytic life cycle diagram. Encourage students to list proteins/functions on both if they could be used on both diagrams.  Provide students with the  “Part 2-1 Images - Student” PPT file for this activity, but note that the answer key can be found in “Part 2 Images & Maps - Instructor,” and also in “Part 2-1 Images.”    

2. This next part is asking students to expand upon their original function set that they created, in asking “Did you think of any additional proteins or functions after seeing these images? If so, include them below and add them to the EM and/or lifecycle diagram.” 

Student Activity files:  	
Part 2:  Identifying and Organizing Phage Protein Functions - Student
Part 2-1 Images - Student
Instructor Resources: 
		Part 2 Images & Maps - Instructor

Optional Discussion/Assessment Questions for Part 2, Activity 1:
EM of a phage:
1. Many bacteriophage particles consist of a capsid and tail. The capsid contains phage DNA and the end of the phage tail makes contact with the surface of the cell that will be infected. Using arrows, label the capsid and tail of the phage in an EM image. 

Phage life cycle:
1. What part of a phage particle binds to the surface of a bacteria cell?
2. Which components of a phage particle are injected into the bacteria cell?
3. Soon after being infected by a phage, the bacterial cell DNA is broken into small fragments, while the phage DNA remains intact. Generate a hypothesis to describe how the host DNA is broken up.
4. Phage capsids are initially formed as empty protein shells, into which phage DNA is packaged during formation of mature viral particles. How could DNA get into an empty capsid shell? 

Activity 2:  Sequential ranking and grouping of functions (5 minutes) 
Description:  Next, students are asked to put some sort of order/arrangement to the functions that they listed. This is to assist in setting up a discussion about operons and the overall arrangement of genes in a genome:
1. “Think about the essential structural proteins you labeled on the EM picture, as well as the essential proteins/processes that you labeled on the phage life cycle diagram.  Once a phage infects its host, which of these proteins (or categories of proteins) would be needed first? Second? Rank them in the order that you think they should be transcribed.” 

Activity 3:  Labeling of Model Genome Phamerator Map (25 minutes)
Description:  Now have students translate their list onto an actual genome map for a genome that is minimal, so that they can begin to discover genome organization and its rationale. 
1. Provide the students with a copy of an unlabeled Phamerator map; BurtonThePup (EE) or Maggie (AN) are suggested, as they have small, minimal genomes (labeled and unlabeled maps provided). Provide students with an unlabeled phamerator map from the “Part 2 Images & Maps - Instructor” file. Answer keys and labeled maps are also found in this file.

“Now look at the provided Phamerator map of an Actinobacteriophage genome (BurtonThePup (EE) or Maggie (AN)). Phage in clusters EE and AN are on the smaller end of the spectrum of known phage genomes, so these phage contain only the most essential genes for their survival and replication. The genome is depicted as a measuring tape, where each number represents 1kb (1000 bases). The location and size (length) of each gene is shown by the colored boxes, and the direction of transcription is illustrated by the genes’ placement above or below the measuring tape (forward and reverse transcription, respectively). For now, you can ignore the numbers above each gene box.

Phage, like their bacterial hosts, group genes with related functions together so that they will be transcribed and translated together, at the same time.  These functional groupings are called “operons.”  Using this information, complete the following:
a. Group your ranked proteins by related function.  Does this significantly alter your ranking scheme?  Revise your rankings, if necessary. (time estimate: 5 minutes)

b. Tentatively place your ranked, grouped list of proteins and processes onto the Phamerator map, based upon the order in which you think these proteins will be needed, once the phage has infected its host.  Think about where you would place those that would be needed first, as opposed to those that are needed later in the infection/life cycle.” (time estimate: 10 minutes)

Student Activity file:  	
Part 2:  Identifying and Organizing Phage Protein Functions - Student		**note that you will need to provide the unlabeled version of your chosen 	genome to your students.  This can be found in the Instructor file listed below.**

Instructor Resources: 
		Part 2 Images & Maps - Instructor

2. Now give a copy of the labeled, fully annotated genome map to the students for comparison. They will then answer the following questions: (time estimate: 10 minutes) 
a. Are there specific protein functions/names that are not familiar to you, or that you cannot interpret?  If so, look them up in the Bioinformatics Guide or in the Phagesdb Glossary, and paraphrase these functions here in your own words.  DO NOT copy and paste!  
This idea is to encourage students to start associating the proper terms with the functions, and to use the resources that they have available.  This could also be an opportunity to introduce one of the activities in Part 3, like the matching game, crossword puzzle, or “Required Function or Not?” activity.

b. With these new functional terms and definitions, can you identify the same functional “operons” that you placed onto your genome?  Are they in essentially the same places in the genome that you had placed them?
This is another opportunity for students to consider genome architecture, and to examine in more detail the order in which the phage particles are assembled, if the instructor so chooses.  Several figures have been provided (see Additional Resources - Phage Assembly Figures) to aid in the discovery/learning of phage assembly.

c. What functions and operons were you missing that are present in the final, annotated map?  Why might you have missed them?  What processes/functions had you not considered?

d. Are there any functions you expected to find, but didn’t?  Why might they be missing?

Student Activity files:  
Part 2:  Identifying and Organizing Phage Protein Functions - Student
**note that you will need to provide the labeled version of your chosen genome to your students.  This can be found in the Instructor file listed below.**

Instructor Resources:  
Part 2 Images & Maps - Instructor

Optional Exercises:	see Part 3:  crossword, matching, “Required Function or Not”






Part 3:  Reinforcing Functions and Terminology

Objectives: 
· Identify the accepted function names and explain the roles of the most common phage functions
· Evaluate which gene products are required by phages of each morphotype 

The matching games, crossword, and EdPuzzle videos in Activity Set 1 are provided as low-stakes learning tools for the students to use as practice; an assessment piece is not tied to them. If you’d like to make your own activities using some of these same tools, see the Additional Resources section.

The “Required Function or Not?” spreadsheet and final labeling activity can be used for grading/assessment, or simply as a reflection exercise.  

Since these are all optional exercises, a single student activity file containing all activities has been provided, wherein the instructor can simply delete the components/exercises they do not wish to use, or otherwise modify it for their specific purposes.  For the most part, this student file is identical to what is given below.

Student Activity file:	Part 3: Reinforcing Functions and Terminology - Student  

Activity Set 1:  Matching games, crossword puzzle, EdPuzzle videos (15-20 minutes each)
Practice using approved function names using these matching games, crossword puzzle, or EdPuzzle videos.
1. Phage Structure
a. Go to the following website, and match 12 functional terms related to phage structure with their respective definitions. https://www.educaplay.com/learning-resources/6372290-phage_phunctions_matching.html
2. Phage Life Cycle: Lytic
a. Click on any function in the game to start a group, then click on all the other functions you think belong in that group. The game will tell you how many terms are in that group. After you select the number of functions in that group, the game will tell you if you are correct. If you are incorrect, you will need to start that group again.
b. https://www.educaplay.com/learning-resources/6393165-phage_functions_lytic_cycle.html
3. Phage Life Cycle: Lysogenic
a. https://www.educaplay.com/learning-resources/6393317-phage_functions_lytic_cycle.html
4. Phage Functions Crossword Puzzle: Match 25 terms with their definitions. There are two options for the puzzle:
1. Printed/paper copy (included as PDF) with answer key.
Student Activity file: Part 3-1.4: FunctionsCrossword_student (pdf & png)
Instructor Resource: Part 3-1.4: FunctionsCrossword_answerkey

2. Online version, which can be completed online and a copy saved for submission. Click on a puzzle square, and type in the answer; it fills in the boxes for you (vertical or horizontal); click enter to see if it is correct (green) or incorrect (red).
a. Instructor’s portal lets you edit, print the answer key, etc. If needed, the passcode is “phage”: https://crosswordlabs.com/view/phage-phunctions
b. Student version (“focused”): https://crosswordlabs.com/embed/phage-phunctions

Instructor Resource: Part 3-1.4: Functions_Vocabulary List 
	This can be used to build your own matching activity or crossword puzzle

Activity 2:  Required Function or Not? activity (40 minutes)
In groups, students can pool their notes and resources to complete the “Required Function or Not?” spreadsheet to summarize information about the various phage functions. They likely will have seen or discussed most of these after the above activities, but there may be a few that are “new” to them that may require some research and discussion.  This is a big table, so instructors may decide to pick-and-choose functions to pursue, columns to complete, or divide the table among students, etc.
· Extension ideas: 
· Discuss why those functions that aren’t required would be present in a phage genome
· Color code functions based on categories

Student Activity file: Part 3-2_Required Function or not worksheet
Instructor Resource: Part 3-2_Required Function or not Answer Key

Activity 3:  Labeling & Reflection (20 minutes)
For a final assessment of this activity or a reflection, have students return to the life cycle and electron micrograph images they labeled in part 2 and fill these out with the approved function names in their proper locations. 
· Suggested reflection question: Reflect on which functions were most obvious to you as you began this activity, and which functions you learned the most about throughout this activity. 

Student Activity file: Part 2-1 Images - Student
Instructor Resource: Part 2 Images & Maps - Instructor




Additional Resources

Resource 1:	Activity Preparation Ideas 
While Part 1 can be initiated without any introduction, below are some additional suggestions for introducing (or reviewing) phage biology and common functions of phage proteins. 
 
Below are instructor tools for providing background information on phage biology:
1. Provide a reading assignment of phage essentials. The assignment should be basic, but at a deep enough level on the phage life cycle to introduce non-obvious functions, such as assembly, host DNA degradation, packaging, and lysis. 
	  -SEA-PHAGES Phage Discovery Guide (first part of chapter 3):  
https://seaphagesphagediscoveryguide.helpdocsonline.com/3-0-overview
	  -Life in Our Phage World (available for download as a free PDF)
https://drive.google.com/file/d/0BxYktwFjAkFpUkczODFHY1BPSHc/view
2. Provide a video assignment on phage basics.
  -SEA-PHAGEs virus video: https://seaphages.org/video/72/
	  -SEA-PHAGES replication video: https://seaphages.org/video/73/
  -YouTube video: https://www.youtube.com/watch?v=Ofd_lgEymto
3. In lecture/class discussion, use images from the “Part 2 Images & Maps - Instructor” file to demonstrate the phage life cycle.

Resource 2:  Phage Assembly Figures 
As students engage with  phage biology, the common gene functions, and the typical genome organization, questions about how phage particles are assembled are likely to come up.  We have provided a series of figures that may be useful in teaching this process.  Instructors can provide some, all, or none, at their discretion, and may choose to create their own exercises/activities using these figures.  Citations are included for further reading/exploration if so desired.
Instructor Resource:  Phage Assembly Figures & other useful images

Resource 3:  Online Teaching Resources,Tools, Video Bank, and Assessment Question Bank
Crosswords, matching puzzles, EdPuzzle videos, etc. are free online resources where instructors can create their own learning activities.  Below is a short list of these resources, complete with links. Some potential videos of interest are also included, as well as multiple-choice question bank that may be used for assessment.

Edpuzzle information: 
1) Go to https://edpuzzle.com/ and create an account
a) If your school has already established files then you can gain access to them by linking your account to your school.  This however may give you access to students files.
2) Once you have an established account you can browse the different areas of content such as the link to YouTube, Khan academy, and previously made in edpuzzles as well as others.  You can also search directly in YouTube and copy your link for use in EdPuzzles.  You can also make your own material as long as you create an MP4 file and move it to a video file like MSstream or directly to YouTube.
3) Search the content for what you are looking for, i.e. phage life cycle, phage replication.
4) Check the box to select the file you would like to use, and then choose “Copy.”  This copies the file into your content.
5) Using the menu on the left hand side, click on “My Content;” you should see your newly added video there. Select the video by checking the box.
6) Click on “Edit.” Once you are in the edit screen you can watch the video, cut the video, or add questions using the tabs at the top of the window. You are also able to cut and paste videos together. When adding questions, create your question and it will show up as a teardrop along the video timeline; these can be moved by clicking and moving along the timeline.
7) All of your changes will be automatically saved. When finished, click on “finish” on the top right hand side. The video will be saved to your account, and you will be able to assign, edit, duplicate, or delete the video.

EDpuzzle videos:
https://edpuzzle.com/media/5f177a5971b5b93f64c464f0
https://edpuzzle.com/media/5e98c21bd662c93f0d8bea6d

Education sites links of interest
https://edpuzzle.com/
https://softchalk.com/
https://www.educaplay.com/
Te-a-ch.com

Additional phage videos:
https://www.youtube.com/watch?v=kdz9VGH8dwY
https://www.youtube.com/watch?v=Ofd_lgEymto 
https://www.youtube.com/watch?v=RbL3BZCGPA4
https://www.youtube.com/watch?v=uFXuxGuT7H8
https://www.youtube.com/watch?v=V73nEGXUeBY
https://www.niaid.nih.gov/news-events/video-fighting-infection-phages

Assessment Question Bank:
Instructor Resources: 	Assessment Question Bank, Assessment Question Bank-Answers
The question bank has been arranged in the following order-Temperate phage/lysogeny, functions related to phage structure, genome arrangement, phage life cycle and non-structural phage functions. 
An answer key has been provided. Answers are in bold

Development of Scientific Skills
The SEA-PHAGES program promotes critical engagement with scientific inquiry and communication, and uses bacteriophage discovery and investigation as an effective implementation tool. This instructional module is designed to aid students in relating phage biology to phage genomics. The student activities, designed to be completed in tandem, address 9 of the 10 student learning outcomes outlined in a “Model for Becoming a Scientist” (Hanauer, unpublished). Students are encouraged to work independently and collaboratively with peers while associating phage protein structure and function to infection cycles. The interactive activities facilitate engagement, enthusiasm, and persistence in learning, and students are expected to evaluate their knowledge and understanding through group discussion and concept comparison. The instructor guides acquisition of these important scientific skills by modeling scientific thinking, providing appropriate assessments, and helping students explore phage proteins that may not directly appear to correlate with the phage life cycle. 
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