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Bacteriophage Builder  
 
Grade level Target grade = 9 scalable down to grade 7 if you focus only on building for one type of 

bacteria and up to grade 12 if you discuss the various methods of isolating multivalent phages 

 
Subject area(s) Biology  

 
Estimated Time Required  50  minutes 

Header image 
 
 
 
 
 
 
 
 
 

 
 
Maker Challenge Recap 
In this maker challenge, students will design a bacteriophage (virus) that can infect and kill harmful 
bacteria. The goal is to design a bacteriophage that will effectively attach to as many different types of 
bacteria as possible. Students will be provided with a variety of building materials: Styrofoam blocks, 
Styrofoam spheres, Velcro, tape, string, toothpicks, and 3D pens (optional) and will have a limited 
amount of time to design and build their bacteriophage. After building their bacteriophage, students will 
test its ability to infect a variety of “bacteria:” fuzzy pom poms, velcro squares, and paper squares. The 
phages that are the most successful at killing off the bacteria will be the ones chosen by NEWT (nano-
enabled water treatment) scientists to use in their water treatment solutions!  
 
This process represents the genetic engineering form of developing these viruses. Time permitting, the 
teacher can then show students how some scientists are using the principles of natural selection to 
engineer viruses that infect multiple bacterial hosts. By sequentially changing the environment by 
switching out the type of bacteria, over the course of a few generations, scientists are left with viruses that 
can infect all of the different bacterial hosts. 
 

Maker Materials & Supplies 
• An assortment of bacteriophage building materials (estimated cost per group: less than $5). 

Examples: Styrofoam blocks, Styrofoam spheres, Velcro, tape, string, toothpicks, straws, pipe 
cleaners, 3D pens, etc. 

Image 1 
Image file: _makerch_bacteriophage.jpg? 

ADA Description: In the foreground, a blue and green 
bacteriophage landing on a red cell with its yellow tail 

fibers attaching. Additional red cells on a black background 
can be seen behind. 

Source/Rights: by xxlonelymushroom (2007). Deviant 
Art. Retrieved from: 

https://www.deviantart.com/xxlonelymushroom/art/Bacteri
ophage-121577633  

Caption: Bacteriophage infecting bacteria cell  

https://www.deviantart.com/xxlonelymushroom/art/Bacteriophage-121577633
https://www.deviantart.com/xxlonelymushroom/art/Bacteriophage-121577633
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• At least two or three different types of “bacteria” Examples: fuzzy pom poms, Velcro squares, 
paper squares. Consider making these pieces large or purchasing large poms poms in order to 
ensure proper scaling when comparing bacteria to viruses. 

Kickoff 
Bacteriophages have been studied for decades as a possible treatment for bacterial diseases. Now, 
scientists are trying to use them for the purpose of water treatment. Show students this intro video in order 
to help them understand how scientists use viruses to fight harmful bacteria. You can also provide them 
the transcript below: 
Imagine jumping into the perfect pool on a hot summer’s day. The water is cool, crisp and clear thanks to 
a filter that helps to keep it clean. 
Now, imagine jumping into the worst pool. It’s probably green, grimey, and gross. That grimey gunk that 
lines the sides of the pool is known as a biofilm. Biofilms are layers of bacteria or algae that grow on 
surfaces, and they form in lots of places: pools, shower tiles, and even your teeth! Biofilms also tend to 
form on water filters, so if you don’t replace the filters regularly, bacteria can leak into your pool or even 
the water you drink! But, what if we could remove this biofilm without needing to replace the filter or 
releasing toxic chemicals into the water? Scientists in the NEWT research group have found a seemingly 
unlikely hero in viruses Just like there are viruses that infect us and make us sick, there are some viruses 
that specifically infect bacteria. These viruses have specific structures on their surface that help them 
attach to the bacteria. When the shape of the proteins on the surface of the viruses matches with the 
proteins on the surface of the cell wall of the bacteria, the viruses latch on and infect the bacteria, turning 
them into mindless virus making factories. Some viruses even have special abilities to kill bacteria even 
faster using special enzymes that they brainwash the bacteria into producing for them. The problem is 
that there is more than one type of bacteria in these biofilms, and viruses are usually very specific to one 
type of bacteria. Scientists at NEWT need a way to engineer viruses so that they can infect and kill as 
many different bacteria as possible. That’s when you come in! 
 

Resources 
• Consider showing students the intro video linked above to help students understand why 

scientists are engineering viruses to infect harmful bacteria.  
• Consider showing students this amoeba sisters video on how viruses infect cells  

 

Maker Time 
Setup (15 min before class) 

1. On one table, provide a space for students to examine building materials. Organize building 
materials by type (if you wanted additional rigor, you could also limit students to a “budget,” 
assigning each item a specific dollar value. Toothpicks $0.25 each, Velcro squares $1.00 each, 
etc.) 

2. If providing students with example of bacteria ahead of time, place a “testing tray” (could be a 
paper plate, plastic lid, etc.) at each lab table with “bacteria” already added 
 

Define the Problem & Brainstorming (10-15 min) 
1. Show students this intro video to introduce the topic. Tell students that they will be taking on the 

role of nanoenvironmental engineers. 
2. Instruct students to define the problem in their own words. Use the sentence stem: “___ need a 

way to ____ in order to ___.” to help your students. 
3. As a class, identify the key criteria (way of knowing their design is successful) and constraints 

(limitations on their design) 

https://youtu.be/bmCpvCxR_cY
https://www.youtube.com/watch?v=PHp6iYDi9ko
https://youtu.be/bmCpvCxR_cY
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a. Possible Criteria: virus can bind to bacteria, virus infects bacteria, virus binds to as many 
types of bacteria as possible 

b. Possible Constraints: limited to 15 minutes to design, limited in types of materials, 
limited in size (virus cannot be larger than bacteria) 

4. Instruct students to brainstorm possible designs and materials with their partners.  
If students need prompting during the design and planning stage ask them: 

• What do viruses need to be able to do in order to infect the bacteria? 
• What materials do you think will fit/stick together the best? 
• How does the shape impact how it can infect the bacteria? 
• If we are trying to infect lots of harmful bacteria, should the virus have only one type of 

attachment? 
 
Testing and Iteration (15 min) 

1. Give students 15 minutes to actually build, test, and iterate their designs. 
2. As a teacher you have the following options for testing the viruses 
• Tell the students at the beginning what type of bacteria their viruses will need to infect (pom pom 

bacteria, Velcro bacteria, paper bacteria, etc.) and give each group one example of each type  
• Sneakier option: show students first type of bacteria (ex. pom pom) and then as students say they 

finished, come up to their table and say “Sure it can infect that bacteria, but can it infect this 
bacteria?” and then introduce them to the next type of bacteria, prompting them to adjust their 
design. 

• Do not show them any of the bacteria until the end and then use the sequential natural selection 
approach to see which groups’ virus survives all the way through the last bacterial environment. 
This is the “multivalent” phage that scientists need!  

 
Communicating Solution (20 min) 

1. Each group will be given 2 minutes to describe their creations to the class as well as their 
process for how they came to their final design. Specifics of this step are provided in the Wrap 
Up section. 

Wrap Up 
Students will present their bacteriophage creations to the class, explaining their design process & results. 
Their presentations will need to include: 

• Brainstorming Process 
• Initial Prototype 
• Iteration (changes to first prototype) 
• Final Design 
• Results from Testing 
• Ideas for the Future 

 
Students will also ask each other Open Ended Questions such as: 

• Why did you choose to use those materials in your design? 
• What did you learn from your first prototype? 
• If you could change anything about your design process, what would you change? 

 
Teacher will reinforce biology concepts by asking: 

• What is it that allows viruses to attach to cells? 
• What makes one type of attachment better than others? 
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• What might be one reason why a certain virus might be able to make your pet dog sick, but will 
not be able to be passed to you to make you sick? 
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Do First:
Think of a time when you were sick…

 1. Grab a sheet of paper & some markers

 2. On the paper:
Describe a time when you were sick. How did you feel?

What do you think caused you to feel sick?

Draw on the paper what you think the cause of your 
sickness looked like.



What causes 
sickness?

 PATHOGENS!
Viruses

Bacteria

 Fungi

Parasites

 Today we will be 
focusing on viruses
and bacteria

Photo citation: 
http://www.bbc.com/future/story/20140731-can-ebola-spread-on-planes



Not all Viruses are bad!
 Bacteriophages are viruses that infect harmful bacteria
 Phages can be used to disrupt or kill biofilms made by 

bacteria
 Nanoengineers at Rice University’s Nano-Enabled Water 

Treatment (NEWT) Center are designing viruses that can 
infect these harmful bacteria more effectively!

Photos taken by Laurel Bingman



Define the Problem
 On your paper, define the problem in your 

own words based on what you saw in the 
video
“____ need a way to ____ in order to 
___.”

 Problem: scientists at NEWT need a way 
to engineer viruses to infect as many 
bacteria as possible in order to eliminate 
harmful biofilms from water filters

Photo from Wikipedia commons



Building Materials
 You will have access to these materials 

to build your virus in only 15 min

foam cubes
Styrofoam balls
soft Velcro 
spiky Velcro
toothpicks
double-sided tape
fuzzy pom poms
paper



Identify Criteria & Constraints
 On your paper, identify at least TWO criteria

“Our design must be able to ___.”
Think: how will you know your design is successful?

ex. When building a ladder, one criteria is that it 
reaches at least 10 feet high. 

 On your paper, identify at least TWO constraints
“When building our design, we are limited by __.”
Think: what limitations are there on your design?

ex. When building a ladder, I’m limited to using only 
the materials from my garage.

Photo from Wikipedia commons

Must be able to attach to at least 10 bacteria cells; 
Must be able to attach to at least 3 types of bacteria; etc.

We are limited by amount of time (15 min.) 
We are limited by size of the virus



Brainstorm Design
 On your paper, brainstorm a design

Draw a sketch of what it will look like
 Identify the materials you will use

 Consider these questions as you are making 
your design
What do viruses need to be able to do in 

order to infect the bacteria?
What materials do you think will fit/stick 

together the best?
How does the shape impact how it can infect 

the bacteria?
 If we are trying to infect lots of harmful 

bacteria, should the virus have only one type 
of attachment?

Photo from Wikipedia commons



Maker Time!
 You have access to these materials to build 

your virus in only 15 min
 foam cubes
 Styrofoam balls
 soft Velcro 
 spiky Velcro
 toothpicks
 double-sided tape
 fuzzy pom poms
 paper

 When finished with first prototype, bring 
over your virus to the biofilms for testing! 
Not perfect? Make adjustments!



Communicate Solution
Okay, nanoengineers, it’s time to 

communicate your solution!
 Each group will have 2 minutes to present 

their final prototype
Brainstorming Process
 Initial Prototype

 Iteration (changes to first prototype)
Final Design
Results from Testing

 Ideas for the Future

Photo from Wikipedia commons



Cleanup!
Helper A: Put all trash in the trashcan
Helper B: Put all unused materials back in 

the ziplock baggie
Helper C: Pick up any pieces from the floor
Helper D: Return borrowed materials 

(scissors, rulers, etc.) to the front table

Photo from Wikipedia commons
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