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Reflection 
Questions/comments you need to help you better understand the material:
This section is for your students to ask you questions and reflect on the material following completion of the worksheet. It can be helpful to gather this information during grading, and then use it to address any knowledge gaps during the closing discussion or in future class sessions.
1A: Last week, we flooded plaque assay plates with media and then extracted the media to create MTL (medium titer lysate).  In addition to phages, what bacterial components do you think will be floating around in the solution?  Why did these not get filtered out?  Draw what you expect to be in the MTL in tube A (0.25 pts).
Full phage, phage particles, lysed bacterial components, including proteins, lipids, and DNA (drawing down below - tube A).
The most common student mistake on this question is missing components of the bacteria and misunderstanding the role of the resin. As you walk around the room and answer questions, if they are missing components, prompt them by asking if there’s anything else in the bacteria that they should keep in mind.  Some students will also balk at the drawing in this and the next question- assure them that they are not being graded on artistic skills. 

1B: What is the purpose of adding nuclease to the MTL you are using for the DNA isolation?  Why is it being added before the resin, rather than after? Draw what the MTL solution looks like after adding nuclease in tube B  (0.25 pts).
The nuclease degrades bacterial DNA floating in the MTL, with the goal of preventing that DNA from contaminating the sample. Drawings should at least include intact phages and cellular components like lipids and proteins (drawing in tube B). 



1C: What is the purpose of adding beads to the MTL? Draw what the solution looks like after adding the beads in tube C (0.25 pts).
The bead resin includes salts that degrade the phage capsid. Drawings should include proteins, lipids, and phage DNA (drawing in tube C). 
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2. Draw the structure of a phage, making sure to label all the structures and note which macromolecules are used for which structures.  Based on your lab manual, what substance will we be using to break apart the phages and extract the DNA? What other macromolecules from the phage will you need to get rid of in order to purify the phage DNA? (0.5 points)

Get rid of the capsid so the DNA is accessible. Capsid = protein. The resin will both break apart the phage structure and bind the DNA. 
Again, students may exhibit anxiety about their drawing skills. A common mistake here is thinking that the phage capsid is made of either carbohydrates or lipids. Try to guide students away from this by asking them to reference the “Phage Basics” part of their lab manual.


3. A filter is something that removes unwanted material and allows the material you want flow through.  A column, on the other hand, is something that binds to the material you want (i.e. DNA) and allows unwanted material to flow through.  The DNA can be later collected off the column by eluting it.  In our experiment, we are attempting to isolate phage DNA. Are we using a column or a filter? What is flowing through, and what is being bound? (0.5 points)
We are using a column. Unwanted material such as proteins, lipids, and cellular components are flowing through the column. The DNA is binding to the column. 

The purpose of this question is to help students differentiate between a filter, which they used for direct isolation and generating plate lysates, and a column, which they are using to trap DNA in this protocol. Encourage them to use things like online resources for this question. 
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https://toptipbio.com/the-nanodrop-results-explained/
4. A spectrophotometer measures the concentration of molecules by shooting light at a sample and then determining what wavelengths of light are absorbed by the sample. The above image is an example of a readout from a spectrophotometer. Based on this image, what wavelengths of light do proteins absorb? What wavelengths of light does DNA absorb? So, if we wanted to measure DNA concentration but not protein concentration, which wavelength of light should we measure the absorption of? (0.25 points)
Primary protein wavelength absorbed = 280nm. Primary DNA wavelengths absorbed = 260nm. In order to measure the DNA concentration instead of the protein, we would want to measure the 260nm wavelength.
Students will often struggle with the fact that these molecules absorb at multiple wavelengths- emphasize to them that the question is asking for them to identify the primary wavelength.
5. When isolating DNA, scientists often use the ratio of sample absorbance at the 260nm wavelength vs. the 280nm wavelength as a measure of DNA purity. This 260/280 ratio should ideally be greater than 2. Using the DNA line on the spectrum above, determine what the 260/280 ratio of this sample is. Given what you know about what macromolecules absorb at 260nm vs. 280nm, what would it mean if your DNA sample had a low 260/280 ratio (0.5 points)?
The 260/280 ratio for this sample is exactly 2. If the ratio were low, that would mean that there was a lot of protein in the sample. 
The goal of this question is to prepare them to understand that proteins could be contaminating their sample. Students may struggle with generating the 260/280 ratio- guide them towards thinking of it as a fraction.
6. Next week, we will be taking some of our DNA and using it for a restriction enzyme digest. Say you wanted to add 250 ng of DNA to a reaction.  If the concentration of your DNA sample is 50 ng/mL, how many mL of DNA would you need? (0.5 points) 


If students don’t see themselves as “math people,” they may struggle with the logic for this question. Encourage them to think about it in a stepwise manner.  


Facilitation Guide:
Overview: This activity is designed to take between 30-45 minutes, guided by the instructor (see table 1 for a breakdown of estimated times). The goal of this exercise is for students to gain an understanding of the various stages of DNA isolation, including the goals and purpose of each step. By asking them to describe and draw the components of their lysate through the stages of DNA isolation, we hope they will gain a more nuanced understanding of the protocol. Further, they will learn how to analyze a spectrophotometer readout graph, and gain an understanding of how to analyze their DNA using the 260/280 ratio. Finally, the last question asks them to calculate how much DNA to add to a restriction enzyme digest, which is designed to help them with the following week’s protocol. This activity is designed to be implemented the prior week to the DNA isolation lab, as there is generally not enough time during the DNA isolation lab for recitation. 
Pre-class preparation: Included with this publication is a worksheet for each student to have- print the appropriate amount of copies (S7. RAILS Worksheet for students: DNA Extraction). Familiarize yourself with the lab manual (https://seaphagesphagediscoveryguide.helpdocsonline.com/2-0-toc, Protocol 9.1: Phage DNA Extraction), and attempt the worksheet by yourself to make sure you understand what the questions are asking. By preparing in this way, you will help yourself understand where your students might struggle with the activity. This activity is open book- students will be able to use their manuals to assist in the activity - so ensure that they bring them to class.
Opening Up with a Discussion: Students should have familiarized themselves with the DNA isolation protocol prior to coming to class. Before handing out the worksheet, prompt students by asking them to volunteer what they will be doing next week (Protocol 9.1) and where that DNA will be going (into restriction enzyme digests). They should understand that they will be using the plate lysates generated in Flood and Collect (Protocol 6.3) for the DNA extraction.
Progressing through the Activity: This worksheet is designed to be a collaborative effort between groups of 2-4. As they are working through the activity, walk around the room to answer questions and ask guiding questions if students are stuck. Emphasize to students that there is no one correct answer- encourage them to think about a variety of interpretations and justify the answer they give.
Closing Discussion: After students have completed the activity, facilitate a class discussion on the worksheet. Encourage students to volunteer their answers for discussion, asking students to explain their answers. Review the solutions to questions by either asking a student to come up and draw how they completed these questions on a whiteboard, or if time is of the essence or no student is comfortable, by going through it yourself. Make sure to explain the logic behind each step of the calculations.  Ask guiding questions. Why do we need to ensure we add nuclease before the resin? What could happen otherwise? If we saw a 260/280 ratio below 1, what do you think would be the cause of that? Why is the 260/280 ratio important to measure before we proceed to the restriction digest protocol? 
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	Activity
	Description
	Estimated Time
	Notes

	Preparation for Class

	Print out worksheets for activity 
	 
	Variable
	Worksheet can be found in Supporting File S7. SEA-PHAGES Recitation Activities - DNA Extraction Student Worksheet

	Do the worksheet yourself before class
	Perform the exercise before you go into class so you can make sure you understand all of the steps and how to get there.
	~5-15 minutes
	Review the DNA isolation protocol in the lab manual. If you aren’t familiar with the various possible sources of contamination in a DNA sample, take the time to research it a bit. Students often have a lot of questions on this part. 
Work through this problem by yourself prior to class, to make sure you can perform the calculation yourself.	

	Class Session 1

	Optional: Trigger students’ memory of what an MTL is.
	
	~5 minutes
	Students will often forget what they generated in the prior lab- medium titer lysate (MTL). It might be good to trigger this memory for them before you start the activity.

	Problems 1-5 on worksheet
	This will be done in pairs. Pairs are free to discuss this with surrounding students.
	~5-7 minutes each or 25-35 minutes total.
	Walk around the room, answer any questions. Check their answers as they work on the assignment. If incorrect, have your students troubleshoot and check in with other people working at their table. Introduce guiding questions to set them on the right track.

	Follow-up discussion
	Either ask a student to demonstrate on the board or do it yourself. 
	~5-10 minutes
	Review the solutions to questions 4 and 5 in particular by either asking a student to come up and draw how they completed these questions on a whiteboard, or if time is of the essence or no student is comfortable, by going through it yourself. Make sure to explain the logic behind each step of the calculation, especially for question 5.  
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