
 

 

Parasite Predicament 
 

Topic(s): Antibodies, antigens, immune system 

Grade level(s): 7th – 9th grades 

Time: 60 – 90 minutes 

Maine Science and Engineering Standards: MS-LS1-3, HS-LS1-2 

 

ACTIVITY OVERVIEW 

In this activity, students explore the relationship between antigens and antibodies and how those 

interactions are used in diagnostic tests, specifically enzyme-linked immunosorbent assays 

(ELISA). Students will learn how antibody specificity allows for the targeting of one specific 

antigen (molecule from a pathogen or foreign substance). In this experience, students will use an 

ELISA to test a patient sample to determine whether or not the patient has Lyme disease. 
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ALIGNMENT TO STANDARDS 

MS-LS1-3: Use argument supported by evidence for how the body is a system of interacting 

sub-systems composed of groups of cells. 

 

 

HS-LS1-1: Develop and use a model to illustrate the hierarchical organization of interacting 

systems that provide specific functions within multicellular organisms. 

 

LEARNING OUTCOMES 

Upon completion of the Parasite Predicament lab, students will be able to: 

● Identify the receptor site of an antibody 

● Understand that antibodies and antigens bind in a lock and key fashion 

● Understand how antibodies can be used to fight infection 

● Understand how antibodies can be used to detect the presence of a pathogen 

● Conduct an ELISA 
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CAREER CONNECTIONS 

Biological Technician           

Biological technicians help biological and medical scientists conduct laboratory tests and 

experiments.   

 

Work Environment: They typically work in laboratories, full-time. Examples of employers of 

biological technicians are the National Park Service, all branches of the military, medical 

facilities, and universities.  

 

Duties: Typical duties include setting up, maintaining, and cleaning laboratory instruments and 

equipment, such as microscopes, scales, pipets, and test tubes; gathering and preparing 

biological samples, such as blood, food, and bacteria cultures for laboratory analysis; and 

conducting biological tests and experiments. 

 

Medical Scientists            

Medical scientists conduct research aimed at improving overall human health. 

  

Work Environment: Medical scientists typically work in offices and laboratories. Most work 

full time, and some work more than 40 hours per week. 

 

Duties: Medical scientists design and conduct studies to investigate human diseases and methods 

to prevent and treat diseases, create and test medical devices, prepare and analyze data from 

medical samples, and investigate causes and treatment of toxicity, pathogens, or chronic 

diseases.  

 

Epidemiologists            

Epidemiologists are public health workers who investigate patterns and causes of disease and 

injury. They seek to reduce the risk and occurrence of negative health outcomes through 

research, community education, and health policy. 

 

Work Environment: Epidemiologists work in offices and laboratories, usually at health 

departments for state and local governments, in hospitals, and at colleges and universities. 

 

Duties: Epidemiologists collect and analyze information to find the causes of diseases or other 

health problems, and plan and direct studies on public health problems to find ways to prevent 

them or to treat them if they arise. 

  

 

Microbiologists            

Microbiologists study microorganisms such as bacteria, viruses, algae, fungi, and some types of 

parasites. They try to understand how these organisms live, grow, and interact with their 

environments. 
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Work Environment: Microbiologists typically work in laboratories, offices, and industrial 

settings where they conduct experiments and analyze the results. Microbiologists who work with 

dangerous organisms must follow strict safety procedures to avoid contamination. Some 

microbiologists may conduct onsite visits or collect samples from the environment or worksites, 

and, as a result, may travel occasionally and spend some time outside. 

 

Duties: Microbiologists perform laboratory experiments that are used in the diagnosis and 

treatment of illnesses, and identify and classify microorganisms found in specimens collected 

from humans, plants, animals, or the environment. 

 

Sources:  

https://www.bls.gov/ooh/ 

https://www.explorehealthcareers.org 

 

https://www.bls.gov/ooh/
https://www.explorehealthcareers.org/
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BACKGROUND INFORMATION 

In this activity, students will first focus on antibodies and antigens and then will transition to 

conduct an ELISA and see how the relationship between the two molecules can be used in 

diagnostics. 

 

An antibody is a y-shaped protein component of the immune system that circulates in the blood, 

recognizes foreign substances (pathogens) like bacteria and viruses, and neutralizes them. On the 

exterior of these pathogens are proteins that are foreign to the human body called antigens. Each 

pathogen can have hundreds of antigens. Antibodies are produced to detect one specific antigen 

and their receptor site is constructed in a way that it can only bind to that one antigen. Using this 

binding mechanism, an antibody can tag a microbe or an infected cell for attack by other parts of 

the immune system, or can neutralize it directly (for example, by blocking a part of a virus that is 

essential for its invasion). 

 

Enzyme-linked immunosorbent assays (ELISAs) use this relationship to detect the presence of an 

antigen. In an indirect sandwich ELISA, there are antibodies bound to the well’s surface that act 

as capture antibodies. If patient serum is added and the antigen is present, the antigen will bind to 

the capture antibodies and will remain in the well. In this activity, a primary antibody is added 

that binds to the antigen. Then a secondary antibody with an enzyme attached is added and it 

binds to the primary antibody, completing our sandwich. Then an enzyme substrate is added 

which interacts with the enzyme from the secondary antibody and produces a blue color solution. 

In this ELISA, the presence of dye indicates the presence of the antigen. 

 

Additional Resources 

Types of ELISA 

 

What is an antibody? 

 

Immune sytem review 

 

 

 

 

 

 

 

 

 

 

 

https://www.bio-rad-antibodies.com/elisa-types-direct-indirect-sandwich-competition-elisa-formats.html
https://www.bio-rad-antibodies.com/immunoglobulin-antibody.html
https://www.betterhealth.vic.gov.au/health/conditionsandtreatments/immune-system
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PRE-LABORATORY ENGAGEMENT 

Uses for Monoclonal Antibodies 

Before the mobile lab visit, students can complete the “Uses for Monoclonal Antibodies” activity 

to get an introduction to antibodies and their specific binding patterns. In this activity, students 

will learn how antibodies bind to a specific substrate, an antigen. They will learn how this 

interaction can be used in a diagnostic setting as they model how a pregnancy test detects the 

presence of the hCG hormone. 

 

POST-LABORATORY ENGAGEMENT 

Build a Monoclonal Antibody 

After the mobile lab visit, students can continue to learn about antibodies and their uses in 

clinical settings. In this activity, students will be presented with a scenario and will have to 

decide which antibody to use and if the antibody should be marked with fluorescent dyes or 

drugs to accomplish the goal. 
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LABORATORY SET UP 

 

MATERIALS 

• Absorbency pad 

• 2 Pencils 

• P1000 

• P1000 tips 

• P50 

• P200 tips 

• Tube rack 

• 0.6 mL microcentrifuge tubes - samples (+, -, P) 

• 0.6 mL microcentrifuge tubes - antibodies (PA, SA, Indicator) 

• 50 mL conical of wash buffer 

• Sharpie marker (not pictured) 

• ELISA well strip 

• Quartered paper towels (approximately 10 per station) 

• Tip waste container at center of table 
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REAGENT PREP 

*all solutions are made from the Bio-Rad ELISA Immuno Explorer Kit* 

1X PBS buffer 

Prepare as needed 

1. Add to 1 L Nalgene container 

a.  90 mL dH2O 

b.  10 mL 10x PBS 

2. Shake to mix 

Uses: 

• Rehydrating antigen, primary, and secondary antibodies to make 50X reagent stock 

solutions 

• Diluting 50X antigen to make positive control and “infected” student samples 

• Negative control and negative student samples 

Store at room temperature indefinitely. 

Wash Buffer 

Prepare as needed 

1. Add to 1 L Nalgene container 

a.  805 mL dH2O 

b.  90 mL 10X PBS 

c.  4.5 mL 10% Tween 20 

2. Shake to mix 

Uses: 

• Dilution of 50X antibody stocks 

• Plate washing 

Store at room temperature indefinitely 

50X Antigen Solution 

Prepare as needed 

1. Add directly to antigen 

a.  0.5 mL 1X PBS buffer 

2. Vortex 

Uses: 

• Creates stock solution to be diluted for student samples 

Dilute immediately to 1X Antigen. 

50X Primary Antibody Solution 

Prepare as needed 

1. Add directly to primary antibody bottle 
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a.  0.5 mL 1X PBS buffer 

2. Vortex 

Uses: 

• Creates stock solution to be diluted for student samples 

Dilute immediately to 1X Primary Antibody 

50X Secondary Antibody Solution 

Prepare as needed 

1. Add directly to secondary antibody bottle 

a.  0.5 mL 1X PBS buffer 

2. Vortex 

Uses: 

• Creates stock solution to be diluted for student samples 

Dilute immediately to 1X Secondary Antibody. 

1X Antigen Stock Solution 

Prepare as need 

1. Add to labeled 50 mL conical 

a.  24.5 mL 1X PBS 

b.  0.5 mL 50X antigen solution 

2. Shake to mix 

Store in refrigerator for several months. 

1X Primary Antibody Stock Solution 

Prepare as need 

1. Add to labeled 50 mL conical 

a.  24.5 mL wash buffer 

b.  0.5 mL 50X primary antibody solution 

2. Shake to mix 

Store in refrigerator for several months. 

1X Secondary Antibody Stock Solution 

Prepare as needed 

1. Add to labeled 50 mL conical 

a.  24.5 mL wash buffer 

b.  0.5 mL 50X secondary antibody solution 

2. Shake to mix 

Store in refrigerator for several months. 
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Sample aliquots for class 

Sample label  Tube color Volume 

+ 1X Antigen Blue 200 μL 

- 1X PBS Orange 200 μL 

P Alternate antigen 

and 1X PBS 

White 200 μL 

PA 1X Primary 

antibody 

Green 500 μL 

SA 1X Secondary 

antibody 

Pink 500 μL 

 Enzyme substrate Amber  500 μL 

 

Store in refrigerator for several months
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LESSON PLAN 

Introduction (10-15 min) 

● Welcome students to the lab and direct them where to grab gloves and where to sit. 

● Explain to students that they will be acting as laboratory technicians at a hospital. 

● Remind students that the name of today’s activity is Parasite Predicament. Ask students 

what it means for something to be a parasite or be in a parasitic relationship. 

o There is one organism that benefits while the other is harmed. 

● Ask students if they know of any parasites. 

o Students might mention malaria, giardia, ticks, or tapeworms. 

o Tell them that today they will be focusing on Lyme disease which is caused by a 

bacterium called Borrelia burgdorferi. 

▪ Lyme disease is a spiral-shaped bacteria (spirochete) that has its own 

DNA can be found throughout an infected person’s body.  

● Ask students how Lyme disease is spread. 

o Commonly through infected tick bites. (Ticks pick up Lyme disease from small 

mammals, such as mice, that they feed on.) 

▪ The tick attaches, inserts mouthparts, and starts feeding. It spits while 

feeding, as an anticoagulant.  

o Explain that the parasite lives in the tick and is spread to humans when the tick 

bites and stays attached for a period of time. The spirochete bacteria is activated 

when the person’s blood enters the ticks gut. The spirochete then moves to the 

tick’s mouth, but is not released by the tick yet. After 36 hours, the tick spits 

Lyme disease into your body.  

o As it travels through the body it can “land” in different parts and cause things like 

arthritis in joints, and disturbances in cardiac function. 

o Explain that there may be a rash in a bull’s-eye pattern at the site of the tick bite. 

Once the parasite enters the bloodstream and Lyme disease sets in, it can cause 

fever, fatigue, headache, joint or muscle pain, swelling, stiffness, and general flu-

like symptoms.  

● Ask students where in the world Lyme disease is most prevalent.  

o Upper Midwest and the northeastern and mid-Atlantic states. Blacklegged ticks 

that carry Lyme disease thrive in humid and moist environments. They live under 

leaf litter, in shrubby areas, and in forested areas.  

● A vaccine for Lyme disease is being developed, but is not on the market yet. The vaccine 

that is being developed works in a fascinating way.  

o The vaccine will fight the bacteria inside the attached tick before it ever enters 

your body. It is a protein-based vaccine that targets the outer surface of the 

bacteria. It prevents the bacterium from leaving the tick’s body and infecting its 

host.  

o Pfizer and Valneva entered an agreement to co-develop the vaccine (VLA15).  

o There was a vaccine that was pulled from the market in 2002 due to low 

consumer demand. Infected patients are currently reliant on antibiotics.  

● Set the stage for today’s case study. A 36-year-old woman has been rushed to the 

hospital. Her symptoms are similar to those of the flu, but she has not responded to 

antiviral influenza medicine. The patient’s family history is recorded, as well as a recent 
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travel record. The travel record from the last two years includes a camping trip in the 

northeastern United States, and a cruise around the Mediterranean. 

● Explain to students that they will be conducting a diagnostic test to see if the patient has 

contracted Lyme disease. 

● Explain that the test we will be using is called ELISA which stands for enzyme-linked 

immunosorbent assay. This will use the antibody antigen relationship to help detect if the 

patient has Lyme disease. 

● Ask students if they have heard of antibodies before. 

o Some might have and might be familiar with the antibody testing that was done 

early in the COVID days. 

● Explain to students that antibodies are a protein created by the immune system to detect 

foreign substances, called pathogens. Explain that the antibodies are a Y shaped protein 

and have two receptor sites that are specific to one antigen. Explain that an antigen is a 

protein or molecule found on the exterior of a pathogen. 

● Using the diagram on the handout, label the top arrow as a receptor and the bottom arrow 

as an antibody. Ask students which antigen will bind to this antibody. 

o The light blue one (bottom left) because it has the same shape as the receptor. 

o Remind students that antibodies and antigens fit together like a lock and a key 

● Explain that our ELISA is a sandwich ELISA. To start, the wells at the stations are 

already coated with an antibody that is specific to a B. burgdorferi antigen. When we add 

the patient sample to the well, the antigen will bind and everything else will fall out.   

o Draw the steps as you go: 

 

● Remind students that this is a sandwich ELISA. So, if we have antibody on the bottom 

and antigen in the middle, what needs to go on top? 

o More antibody 

● Explain that a Primary Antibody will be added that will only bind to B. burgdorferi. 

o Draw this 

 

● Then to detect the presence of this complex, we add a Secondary Antibody. The 

secondary antibody is specific to the primary antibody and has an enzyme attached to it. 
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o Draw this 

 

● Next, to show that everything is there, the enzyme substrate is added. This will interact 

with the enzyme attached to the secondary antibody to produce a blue dye. 

o Draw this 

 

ELISA (30-40 min) 

● Direct students to look at the labeled tubes in their tube rack. Explain that the (+) contains 

a positive control. If it is our positive control, what substance is in the liquid? 

o The B. burgdorferi antigen 

● Explain that the (-) contains our negative control which does not have any antigens. The 

(P) contains our patient sample.   

● Explain that we will be conducting this assay in triplicate, meaning 3 trials for each 

sample.  Have students fill in the table with the labels for each sample and the following 

well numbers: 

o Positive control, +, (1,2,3) 

o Negative control, (-), (5,6,7) 

o Patient sample, P, (9,10,11) 

▪ Explain that we will leave an empty well between samples to prevent 

cross-contamination. 

● Have students label the well strip with their sharpie so it matches the image on the 

handout. 

● Review microliters and micropipetting technique before continuing to step 2. 

● Once students have reached step 5, there will be a 5-minute incubation period. Explain 

that this allows time for any present antigen to bind to the antibodies coating the well. 

● As their samples incubate, explain the washing steps. Ensure students place their strip 

upside down and gently tap. They should not pick it up and put it down repeatedly as they 

might put it down in a slightly different location and it could contaminate the sample. 

Students can use their pencils to help tap the liquid out of their strip. 
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● After adding wash buffer, students can use the same paper towel, but in a new clean 

location to dump it out. After the second round of wash buffer has been emptied, the top 

paper towel can be disposed of. 

o Note: Subsequent paper towels in the stack will be wet, but any antigens or 

antibodies present will not be able to pass through the paper towel. 

● After this, allow students to work through the procedure on their own and provide time 

checks to keep students paced for the class. 

● Remind students that the final wash before adding the enzyme substrate will happen three 

times instead of the usual two. 

● As students’ samples turn blue, explain that in our test any blue result indicates the 

presence of B. burgdorferi, therefore the presence of Lyme disease. Explain that there are 

more sophisticated versions of this test that can use computer imaging to identify how 

much color is present, with a spectrophotometer, and this allows us to know how much 

antigen is present (is it early in the infection or later). These tests can also use fluorescent 

molecules instead of dyes. 

Closing (5 minutes) 

● Congratulate students on their successful first day as laboratory technicians. Remind 

students that many companies in Maine need jobs like these to do their work. 

● Explain more about 1-2 biotech companies in the area. 
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