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This past summer (2014) | had the opportunity to shadow Dr. Harbeck and Dr. Knight at
National Jewish Medical Center (NJMC) in the Immunology Department. While spending time
in their lab, | observed many of the lab technicians conducting ELISA’s, immunodiffusion
assays, Kirby-Bauer disc susceptibility assays, and flow cytometry. While at NJMC, | studied the
science behind each assay and developed ways to make the assays and the science accessible to
high school students. This required finding safe alternatives to many of the chemicals used in
the assays while still remaining true to the science behind the assay’s purpose. | teach high level
International Baccalaureate biology high school classes. My students all plan on continuing to
study biology in college, and most desire to work in the medical field after college. As a result, |
knew | wanted to present immunology to my students in the most realistic manner possible. This
unit was a lot of fun to develop and conduct. My students provided candid feedback concerning
the realistic manner of the labs and the methods of teaching the concepts. | hope that you enjoy
this unit and that your students find this unit informative, realistic, and interesting.



Science Background

Students need a background in basic molecular biology. This immunology unit assumes
students understand prokaryotic and eukaryotic cells, cell division, and pathogens. All
the assays are thoroughly discussed along with the vocabulary in the provided slideshow.
The new vocabulary is presented to the students in the form of videos and graphic
organizers. Answer keys are provided for the ease of the teacher.

Student Outcomes

X
X

X

Students will understand the difference between innate and adaptive immunity.
Students will be able to list and describe the functions of the cells commonly
associated with the immune system.

Students will be able to describe common autoimmune conditions and diseases
and the assays used to diagnose them.

Students will be able to diagnose a “mock” patient with signs and symptoms of a
common autoimmune condition or disease.

Age and Level
Recommended for advanced/honors



4.4.1 QOutline the use of polymerase chain reaction (PCR) to copy and amplify
minute quantities of DNA.

4.4.8 Outline a basic technique used for gene transfer involving plasmids, a host
cell (bacterium, yeast or other cell), restriction enzymes (endonucleases) and
DNA ligase.

5.4.8 Explain two examples of evolution in response to environmental change;
one must be antibiotic resistance in bacteria.

6.2.6 State that blood is composed of plasma, erythrocytes, leukocytes
(phagocytes and lymphocytes) and platelets.

6.2.7 State that the following are transported by the blood: nutrients, oxygen,
carbon dioxide, hormones, antibodies, urea and heat.

6.3.1 Define pathogen.

6.3.2 Explain why antibiotics are effective against bacteria but not against viruses.
6.3.4 Outline how phagocytic leucocytes ingest pathogens in the blood and in
body tissues.

6.3.5 Distinguish between antigens and antibodies.

6.3.6 Explain antibody production.

6.3.7 Outline the effects of HIV on the immune system.

7.5.4 State four functions of proteins, giving a named example of each.

8.1.2 Outline the process of glycolysis, including phosphorylation, lysis, oxidation
and ATP formation.

8.1.5 Explain oxidative phosphorylation in terms of chemiosmaosis.

11.1.2 Qutline the principle of challenge and response, clonal selection and
memory cells as the basis of immunity.

11.1.3 Define active and passive immunity.

11.1.4 Explain antibody production.

11.1.5 Describe the production of monoclonal



HS-LS2-8. Evaluate the evidence for the role of group behavior on individual and
species’ chances to survive and reproduce.

HS-LS3-3.Apply concepts of statistics and probability to explain the variation and
distribution of expressed traits in a population.

HS-LS4-3. Apply concepts of statistics and probability to support explanations
that organisms with an advantageous heritable trait tend to increase in proportion
to organisms lacking this trait.

HS-LS4-4. Construct an explanation based on evidence for how natural selection
leads to adaptation of populations.

Technical Skills
x Students will learn how to identify gram-positive and gram-negative
bacteria.
X Students will learn and practice safety protocols important to immunology.
X Students will learn how to use many different predictive assays to
determine possible diseases and conditions; including ELISA’s and
immunodiffusion.
X Students will learn how to prepare sterile agarose.
X Students will learn how to measure micro amounts of liquid using a micro
pipette. liquid iIsTw [(m)-6(eas)0.92002 Tw [(mic)6(r)5(0)]TJ 0 Tc 0 Tw



3. Bovine Serum/Anti-Bovine Albumin, Antigen/Antibody set: Carolina
Biological #202105 (1 kit is enough for over 100 experiments)

4. Buy case studies book: Case Studies in Immunology, a Clinical Companion,
Fifth edition by Raif Geha and Fred Rosen. *Any edition will suffice.

Prepare

1. Review and go over all PowerPoint slides and case studies before presenting to
the students.

2. Make photocopies of lab procedures and notes for students.

3. Set up lab equipment for ELISA, immunodiffusion, antibiotics resistance lab,
and pipetting mini-lab.

4. Ask for faculty and staff volunteers to display symptoms of common conditions
and diseases used through this unit to come to a “clinic” in your classroom. Use
attached symptoms scenarios for faculty and staff to attend clinic in your
classroom for the summative assessment.

Materials and Equipment

1. Most materials mentioned in this list are common to a public school classroom.

The items that are special to this unit are listed with prices and can all be

purchased through Carolina Biological, total cost for special items is: $602.45.

This list is for a class of 32 students.

2. SafetyPrecautionsand Storage:
Please store ALL chemicals in designated chemical storage area. Keep all
chemicals in a cool dry space. Please visit this website for further
information regarding chemical storage: http://www.carolina.com/teacher-
resources/Interactive/how-to-store-
chemicals/tr11069.tr?cold=10856&mCat= . Consult your chemical safety
personnel for proper storage and use in your school. Consult your local
district and state agencies concerning chemical storage, use and disposal
before beginning any of the labs in this unit. While using chemicals safety
gloves, goggles and lab coats must be worn by ALL people in the
classroom. Disposal of chemicals for the ELISA must be disposed in
sinks attached to neutralization tanks. Consult your local, district and state
agencies to ensure compliance. The Immunodiffusion and Antibiotic
Resistant labs require taping the entire perimeter of the petri dish directly
after preparation. DO NOT open the petri-dish again. | place the petri dish
in a Ziploc baggie and tape the opening of the baggie as an extra barrier.
Once all observation is complete place taped petri dishes in a sink with
bleach water for 24 hours. Visit this website for recipe information for
bleach water to kill possible harmful
pathogens: http://modernsurvivalblog.com/health/disinfectant-bleach-
water-ratio/ . Remove tape under the water to allow bleach water into the
petri dish, this is to ensure that all harmful growth is killed by the bleach.
After 24 hours the petri dishes may be thrown in the trash. Every state has
different requirements for possible bacterial growth in public school




classrooms and proper disposal. Please contact your local district and
state education agencies before beginning any of the labs.

***Please visit this web-site for further information on waste

disposal: http://www.carolina.com/teacher-resources/Interactive/storing-
and-disposing-chemicals/tr11068.tr?cold=10856&mCat= .

3. Antibiotic_Resistancdab:
Antibiotic discs mini-set ($48.95 Carolina Biological)
Escherichiacoli, Living, K-12 Strain, Tube ($10.95 Carolina Biological)
Nutrient agar for bacteria growth
Sterile petri dishes (for agar and discs)
Heat/stirring plate (for heating up and stirring agar solution)
Erlenmeyer flasks
Glass stirring rods
Heat clamps
De-ionized water
Tape
Inoculating loops (to safely spread bacteria, immediately place in bleach
water sink before disposing)
Incubator ($390.00 Carolina Biological)
ELISA:
ELISA simulation kit ($110.00 Carolina Biological)
Immunodiffusion lab:
Bovine Serum/Anti-Bovine Albumin, Antigen/Antibody set ($53.50
Carolina Biological)
Sterile petri dishes
Straws (for punching holes in agarose)
Incubator
Dissecting microscope or magnifying glasses (to observe precipitate lines)
Powder agar *non-nutrient
Heat/stirring plate
Erlenmeyer flasks
Glass stirring rods
Heat clamps
De-ionized water

4. Micro-pipetting mini-lab:
Water
Test tubes
Test tube racks
Food coloring
Multiple micropipettes in various measurements
Micropipette tips
Bacteria cell slide identification:
Compound microscopes







VIIl. Daily Unit Plans

Day 1: Introduction to the innate and adaptive immune system.
Day 2: Introduction to the key cells involved in the human immune system.

Worksheet: Immune _System Speed Notes

Students will use the following resources to fill-out the provided
graphic organizer:

http://ib.bioninja.com.au/ (detailed
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Immune System SpeedNotes
Innate vs. Adaptive
Cells of the Immune System

Cells of the Immune System:

11
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Days 3 and 4:

Micro pipetting mini-lab (Optional)

This lab was necessary for my students as many had never used a
micropipette before. There are an abundance of instructional labs online. |
found a few that directly addressed the needs of my students.
https://www.nwabr.org/sites/default/files/IntroToMicropipettingJuly2012.pdf

http://www.usc.edu/org/cosee-west/Jun07Resources/PipetteUsetraining.pdf
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Days 8-10:
Case Study #2 MRSA
Students will read about a person with skin rashes and eczema while

completing the antibiotic disc lab.

Optional: Observe slides of gram-positive and gram negative bacteria for
identification under a microscope.

Book: Case Studies in Immunology, a Clinical Companion, Fifth edition r1(n)]TJ 0 T 28

Video: Atopic Eczema by Eczema Society of
Canada;

15
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Days 11-13:
Case Study #3 Hypersensitivity and Allergy

Students will read about people diagnosed with hypersensitivity to peanuts
and allergic asthma, while completing the immunodiffusion lab.

Book: Case Studies in Immunology, a Clinical Companion, Fifth edition by

Raif Geha and Fred Rosen. Cases #32 Acute Systemic Anaphylaxis and

#33 Allergic Asthma, pages 193-205.

Video: How our bodies develop allergies by Super

Scienced; https://www.youtube.com/watch?v=I16cXams0 4

Video: Understanding Asthma by NHS

choices; https://www.youtube.com/watch?v=7EDo9pUYVPE

Preparation: HJ 0 Tc On(4ET 12* EMC BT /Span<<Tm ()75.436[(A)13(sth)5(m)i)
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Immunodiffusion (Ouchterlony Assay)
Briefly describe in your own words what the assay indicates for:

Write down the procedure for the Ouchterlony Assay:
1.

2.
3.

Describe  what the lines of precipitate mean in the two petri dishes

at https://www.tk.de/rochelexikon/pics/a28264.000-1 big.qif

21






Patient Symptom sheetl
Male or Female

Background: You are a bank manager in downtown Denver. You are slightly overweight but
have recently lost 20 pounds without much effort. You equate your weight loss to

23



Patient Symptom Sheet2
Female

Background: You are a teenager at a local high school and heard that Hinkley was having a free
clinic today. You recently had unprotected sex with a guy at a party. He was super cute and said
he didn’t have a condom, so you figured it would be OK just this once. Now, your menstrual
cycle is 8 days late, and you are afraid you’re pregnant. You are here to get a pregnancy test.
Absolutely NO ONE knows what you did at the party, (except the guy of course), so you beg the
doctor to not tell your parents. The guy you had sex with had already graduated from high
school and stated that he has been in college for 3 years now. You have heard gossip that he
does sleep around often, but that is gossip so who knows how true it is.

24






Patient Symptom sheet4
Male or Female

Background: Yesterday, you attended a friend’s backyard wedding. Th Twge
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Patient Symptom sheet5

Male or Female

27



Patient Symptom sheet6
Male or Female
Background: You have been suffering from stomach cramps for several weeks, which resulted

in urgent trips to the bathroom. The stomach cramps seem to occur sporadically, with no known
predictability. Currently,
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Patient Symptom sheet7
Male or Female

Background: You have chronic urticaria. It seems to get worse with sunlight, scented lotions,
and detergent. You have been under extreme stress at work lately and have forgotten to take

29



IX. Student Worksheets
Immune System SpeedNotes
Innate vs. Adaptive
Cells of the Immune System
Cells of the Immune System:
http://textbookofbacteriology.net/cellsindefenses75.ipg
StemCell

30
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B-Cell progenitor:
Memory cell:
Plasmacell:

Myeloid Progenitor:

Granulocytes:
Neutrophil:
Eosinophil:
Basophil:
Mast Cell:
Monocyte:

Macrophage:

Dendritic Cell:
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Immunodiffusion (Ouchterlony Assay)

Briefly describe in your own words what the assay indicates for:

Write down the procedure for the Ouchterlony Assay:
1.

2.

3.

9.

10.

Describe  what the lines of precipitate mean in the two petri dishes

at https://www.tk.de/rochelexikon/pics/a28264.000-1 big.qif.
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General Questions:

1. What were you doing when the symptoms began?

2. Have you had any recent changes in your diet? Any significant weight gain/loss?

3. What have you eaten today?

4. Do you smoke? Drink?

5. How much sleep do you get on an average night?

6. How often do you exercise?

7. Are you sexually active? Do you use protection?

8. Do you have any allergies to anything?

9. Do you have any pets?

10. Do you take any prescription medications?

11. Have you recently changed any personal care products/laundry detergent?

12. What is your family history? Allergies? Cancer?

13. What surgeries have you had?

33



| Pain Assessment Sheet |

| Mame | | File # | | Date
|

Current Complaints |

rrennion o | m;nnt—cvm‘ﬁmmmmmrh B femie Y :n.r_l g —--= l--:( g

Does your present condition affect your daily activities at home or in the office? Describe:

Dii'n!r commeais -dl'll nisies

Describe the areas lthere \rnufeel pain and p
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