


The Bulls Eye of the Immune System 
Immunology Educational Unit 

By 
Tamica Stubbs 

 
An Introduction 

 
 
 Imagine if you will, on a given random day you as the instructor walk into the room 
and present an elaborate looking gift box to a student. What would happen? Immediately it 
would trigger a cascade of responses from his or her surrounding peers. What have you 
done? Instructionally speaking, you have just introduced the topic of immunology to your 



d) Southern Blotting 
e) Western Blotting 
f) Cell purification 
g) Science process skills: observing, inferring, analyzing, graphing, 

communicating, collecting data and interpreting data. 
 

 
This unit employs the following instructional practices: 

a) Simulations 
b) Modeling 
c) Guided inquiry 
d) Lecture 
e) Animation presentations 
f) Wet labs 
g) Dry labs 
h) Essay writing 
i) Instructional games 
j) Graphing 

 
Each lesson is structured on the following template: 
 
I Overview: 
II Learning Objectives:  
III Science Background: 
IV Student Prior Knowledge and Skills: 
V Time Requirements: 
VI Materials and Equipment: 
VII Suggested Lesson Sequence: 

a) Focus Activity/ Investigative Introduction: 
b) Discussion of Activity: 
c) Attach Meaning: 
d) Independent Practice: 
e) Closing: 

VIII Assessment: 
IX Key Questions: 
 
 
The biological concepts that students are introduced to within this unit include the 
following: 

a) scientific method 
b) cell structure and function 
c) cell specialization 
d) cell membrane structure and function 
e) cellular transduction 
f) enzyme structure and function 
g) DNA structure and function 





The Bulls Eye in the Immune System: Lyme Disease 
Immunology Educational Unit 

By 
Tamica Stubbs 

Lesson #1 
 
I Overview: 
 Sound science process skills are the hallmark of any budding scientist. Skills such as 
observation, inferring, communication, measuring, forming/interpreting data, analyzing, and 
evaluating are paramount to a student’s success in any science classroom. In this lesson, 
students of all academic levels will employ, identify and learn to strengthen these skills 
while being introduced to the basics of Lyme disease/ immunology simultaneously.  
 
II Learning Objectives:  
 Upon completion of this lesson students will: 

a) Describe the induction process of Lyme Disease. 
b) Identify the major process skills of science. 
c) Identify the major symptoms associated with Lyme Disease. 

 
III Science Background: 
 “Borrelia Burgdorferi  (Bb) is the causative agent of Lyme disease, a highnd  agtoms a



 
VI Materials and Equipment: 

• Computer Access 
• Projector 
• Color hole punches or small colorful pieces. 
• Dart board (create a paper template). 
• Typed messages for simulation 
• Index cards 
• Copies of Worksheet (see student worksheets) 

 
VII Suggested Lesson Sequence: 

a) Focus Activity/ Investigative Introduction: 
Students will run the induction simulation activity. (See teacher directions) 

b) Discussion of Activity: 
Upon completion of the simulation, the instructor needs to probe students for 

an explanation of the entire process. Allow for students to explain things in their 
own wording. Stress for students to describe the entire process. Probe students to 
provide an explanation to how the removal of 1 or two individuals would affect the 
entire process. For instance, “What would be the end result of the process be if I 
removed person # 3?” Continue until students understand how 1 variable (you could 
introduce this term here) influences an inductive (probe for a constructed meaning 
of the word here) process like the one simulated.  

Additionally, explain to students that they were performing active science in 
this activity. Place these skills on the board with a general definition and ask 

http://biology.kenyon.edu/Microbial_Biorealm/bacteria/borrelia/borrelia.htm


VIII Assessment: 
 Homework: Research the following questions 

1) What are the three types of immunity? 
2) Which type of immunity was simulated in class today? 
3) Explain response #2. 

  
IX Key Questions: 

1) What is Lyme disease? 
2) Describe the symptoms of Lyme disease? 
3) How is this disease transmitted to humans? 
4) How does induction influence the progression of Lyme disease? 
5) What are some scientific skills that are critical to disease specialist career? 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Teacher Directions for Simulation 
(Lyme Disease) 

 
Purpose:  

The purpose of the simulation is to teach students via a constructivist manner the 
basics of Lyme disease. The induction processes involved with the manifestation of this 
disease are eluded and students learn to articulate themselves by associating their position 
in the simulation with actual factor involved with actual process. 
 
Procedure: 

1) 



Diagram #1 
Transduction Pathway for the Inflammatory Response to Borrelia burgdorferi! 

 
       Macrophage   CD4 T-Cell 
 
 
     (Bb)       (Antigen Presentation)      
            
            
     (TLR)    (Receptors)      
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Lesson #2 
 
I Overview:  

Cells are the basic unit of life. It is the independent and co-independent functions 
of these discrete structures which permit life as we know it. Although, they can be viewed 
as the smallest structure of life, smaller discrete parts called organelles within each cell 
pull their functions together collectively. This lesson focuses on the structure and function 
of prokaryotic and eukaryotic cells and how cells such as white blood cells are highly 
specialized to perform various functions.  

White blood cells are the second line of defense in the immune system. They are 
inclusive of macrophages (non-sgdte blood cells are the second line of 



V Time Requirements:  
• 1 90 minute block. 
• 2 45-minute period. 
Can be modified to fit a smaller frame of time such as 1- 45 minute period. 

 
VI Materials and Equipment: 

• Computer (s) 
• LCD projector 
• Diagram of cell transduction 
• Red Cross WBC flyer (see Red Cross Flyer) 
• Diagram displaying various white blood cells and their functions (text book) 

 
VII Suggested Lesson Sequence: 

d) Focus Activity/ Investigative Introduction: 
Examine elodea and human cheek cells. See student worksheet #1 for protocol. 
Discussion of Activity: Review inquiry questions with students from handout! 
c) Attach Meaning: Discuss inference questions. Introduce the parts and functions 
of the following organelles: 
• cell membrane 
• cell wall 
• cytoplasm 
• nucleus 
• chloroplasts 
• ribosome 
• lysosome 
• vacuole 
These organelles can be introduced via the following website(s): 
• http://www.wiley.com/legacy/college/boyer/0470003790/animations/cell_struc

ture/cell_structure.htm (this site introduces students to cell types, organelle 
structure and function and invites students to construct a cell to assess their 
knowledge) 

Introduce and briefly discuss the concept of cell specialization by emphasizing the 
following: 
1)  Contrasts in cell structure / size as it relates to function. 
2) Comparison / contrasts in various cell organelles to support their function 
d) Independent Practice: 
Give student handout #2 of various white blood cells and corresponding questions. 
(see hand out Red Cross) 
e) Closing:  
Conduct a brief discussion on student questions. 

 
VIII Assessment: 

H-W: Revisit Diagram and complete the following: 
 * Identify which cells are prokaryotic and/or eukaryotic. 
 * Identify the quantity of specialized cells in the diagram. 
 

http://www.wiley.com/legacy/college/boyer/0470003790/animations/cell_structure/cell_structure.htm
http://www.wiley.com/legacy/college/boyer/0470003790/animations/cell_structure/cell_structure.htm


IX Key Questions: 
a) What are cells? 
b) How does having smaller components allow for the cell to function as a 

whole? 
c) What is specialization and how does it allow for the immune system to 

prosper in complex eukaryotes? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



Student Worksheet # 1 
 



 

   
 
 
 
 
 
 
 
 



WBC’s Student Handout #2  
 
urpose: In this lesson you will learn how to infer the various functions of white blood cells 

te 

 
ead the information in the Red Cross flyer. 

 detailed composition above.  
be w to enhance your 

) How are they similar/ different in structure? 
eir jobs may differ from one another. 

se 

___________________________________________________________________

____________________________________________________________________ 

P
based on their organelle composition. Some cells are equipped with more of one particular 
organelle in the effort to perform a very specific function. Your specific aim is to make 
careful observations of the cells you see below along with the Red Cross Flyer and indica
which cells are more adept to particular jobs. All are a part of the immune system. 
Therefore, you should discover some similarities as well. 
 

R
View the WBC names and their corresponding
Bring this information together and complete the corresponding questions lo
understanding of immune cells. 
 
1
2) Based on organelle structures, describe how th
3) Is this an example of cell specialization within the immune system? Explain your respon
Respond here: 
 
_
____________________________________________________________________
____________________________________________________________________
____________________________________________________________________
____________________________________________________________________
____________________________________________________________________
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esson #3 
 

  
In this lesson, students will continue to strengthen their understanding of 

ithin the immune system. Students will access various websites to research 
immunol



 
VII Su ested Lesson Sequence: 

e) Focus Activity/ Investigative Introduction:  
d purpose of activity. Review some ideas from previous 

on. 
f) 

ual students. 
ice: 

es! 

 and how it relates 
derstanding of the development & curing of Lyme disease. 

VIII Asses
 Allo r 1-10 

understanding of the content. Finally, encourage students to record any 

1) What is hematology? 
 understanding the maturation / specialization process of WBC’s 

ding of Lyme disease? 
 
 

gg

Introduce the nature an
lesson: cell structure, function, and specializati
Discussion of Activity:  
Help students to get started on activity. 

g) Attach Meaning: 
Discuss the activity as needed with individ

h) Independent Pract
Student activity sheet (Handout #3). / Immunology Gam

i) Closing:  
Probe students for their understanding of content in activity
to their un
sment: 
w students to assess themselves. Students may simply record a numbe

that specifies their 
discrepancies and turn those into the teacher. 
 
IX Key Questions: 

2) How does
enhance the understan

 
 
 
 



Student Handout Worksheet #3 
Puget Sound Blood Center Research 

Immunology Game 
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Lesson #4 

  
The composition of the cell membrane is the crux of cell identity, memory and 

 the critical component of the 



VI Materia

template. 

c balances. 
nd slide covers. 

See Transport Warm-up) 
wels. 

 
VII Su

a) Focus Activity/ Investigative Introduction: 
ee student hand out #4). Then, instruct students to identify as 

how they were able to identify each 



IX Key Questions: 
1) How does the cell maintain homeostasis in living systems? 

 the process of cell transport in



Name: ___________________________ 

 

Cell Membrane / Cell Structure Review 
 

Student Handout #5 

 
 
Purpose: The purpose of this activity is to introduce you to transport processes that take place in the 

ll daily. These transport processes maintain homeostatic balances within any living system. It is in 

all of the corresponding directions / questions! 

ce
fact critical to sustain life. You will discover that the environment of the dictates a lot about how it 
functions and how long it will survive. 
 
Go to the listed websites and follow 
 
I Go to http://science.nhmccd.edu/biol/bio1int.htm
 

a) Click on cell transport. You should see a listing! 
b) Click on and view: Phospholipid bilayer. Complete the activity and the following: 

el the phosphate group and label 

in 
_ & ________________ 

d. ______ 
 
II Go Back to li g

a. The Cell Membrane is often referred to as the fluid mosaic model. Based on 
ed? 

______ 
 
III Go back to the n). 
ddress the following: 

_____________________ and ____________________ 
dicate 

features 

____________________        ___________________ 

  c. What  
through the cell membra

a. Create a diagram of one phopholipid. Lab
the fatty acids.   --     

b. What are the two types of structures can phospholipids form when placed 
water? ________________

c. Which of the two are present in our bodies? ______________ 
What organelle does it construct? ________________

stin ! View: Dynamic Membrane and address the following: 

this animation, which part of that title is being describ
____________________________________________________________
________________________________________________

listing! Click on and go through: Construction of  a membrane (Wisconsi
A

a. What are the two types of proteins found in cell membranes? 
___

b. List three examples of these proteins. Next to their listing, in
whether they are integral or peripheral (just by the appearance / 
of them) 

1) _______________________        ___________________ 
2) ___
3) _______________________        ___________________ 
 types of materials and/or substances requires assistance to pass
ne? _____________________________ .  



d. How do these types of materials conflict with the lipids that make up th
membrane? 

e 

______________________________________________________________________ 
hat is the phospholipid bilayer? 

yer is hydrophilic? _____________ What 

  
____ 

 

_____ 
 
Complet

e. W
______________________________________________________________________ 

f. Which part of the phospholipid bila
does it mean to be hydrophilic? _______________________________________ 



 13) What are the three types? _______________, ______________ & 
______________. 
 14) In the process of endocytosis, what is wrapped around the incoming 

 

  

 

particle? ________________________ 
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Lesson #5 

 Overview: 
nts require reinforcement for all ideas that they have been introduced to. In 

 

ectives:  
lesson students will: 

ll membrane. 
 relate its functions to 

 
I Science Background: 

n structures that are presented on the surface of the cell 
from 

onstituents called constant regions, while containing 
variable

 Student Prior Knowledge and Skills: 
esson, students will be expected to possess the 

llowin
ts of the cell membrane. 

 on the cell membrane’s outer 

 
 Time Requirements: 

block. 

 



  
VII Suggested Lesson Sequence: 

tive Introduction: 
and function orally. Review the 

: 
Dis nts as questions arise. 

Discuss discrepancies with students as questions arise. 

Stu  a cell membrane and describe its relevance to immune 

Allow st perform a brief gallery walk around the classroom to perform peer 
. 

 
III Assessment: 

 create a rubric for grading their models and descriptions with the 

 Key Questions: 
uld address the following key questions in their descriptive cards to 

ll membrane? 
the cell membrane? 

s functionality? 
? 

 at 

  
 

        a)Focus Activity/ Investiga
Review the basics of the cell membrane’s structure 
directions of model activity. 

c) Discussion of Activity
cuss discrepancies with stude

d) Attach Meaning:  

e) Independent Practice:  
dents will construct models of

responses, particularly as it relates to the development of Lyme Disease. 

f) Closing:  
udents to 

reviews. Students can utilize a standard numerical rubric to grade each students work
Students should play a vital role in establishing this rubric. 

V
 Students will
assistance of the instructor. Students will then perform a gallery walk and contribute to 
each student’s grade. Finally, students will tabulate their averages and submit it to the 
teacher for final assessment and grading. 
 
IX
 Students sho
accompany their models. 

1) What is the ce
2) What are the major constituents of 
3) Why are embedded / surface proteins critical to the cell’
4) How do antigen structures compare/contrast to normal transport proteins
5) How does antigen function compare/contrast to normal transport proteins? 
6) Provide an explanation to how WBC macrophages involved in Lyme disease are

the mercy of the cell membrane functioning properly. 

 
 
 
 
 
 
 
 
 







• LCD projector 
om temp and frozen). Each piece should be 5 mm by 5 mm. 

 

 peroxide 

ons (hand outs) 

 
II 

http://www.dannynicholson.co.uk/enzymetale.swf




http://biotech.biology.arizona.edu/labs/ELISA_assay_teacher.html
http://biotech.biology.arizona.edu/labs/ELISA_assay_teacher.html


Create a mini discussion on the opening questions and try to solicit creative 

c) 
Students will run the ELISA simulation. The activity will be modified to accommodate 

Allo t  recant the steps involved with the process and articulate clinical 
 

 
III Assessment: 

ood for thought! 
 assist scientists in studying the transduction 

 Key Questions: 
LISA? 

owledge of enzymes apply to the technique? 

nology research community? 
 

 

thinking on the student’s end before informing them of the process. 
Independent Practice: 
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Lesson # 8 

 Overview: 
which underlies all life forms. Its unique composition and 

d 

ectives:  
lesson students will: 

on of DNA. 

 maturation while others 

 
I Science Background: 

 for Deoxyribonucleic acid. It is the molecular basis of heredity 

e the 

is 

orylated pathway, transcription factors 
itiate

 Student Prior Knowledge and Skills: 
esson, students will be expected to possess the 

llowin

urpose/function of the nucleus in the cell. 
ell. 

 
 Time Requirements: 

. 
s. 

 a smaller frame of time such as 1, 45- minute period. 

Immunology Educational Unit 
By 

 
I
 DNA is the genetic code 
structure allows for it encode for traits fundamental to these life forms. In this lesson, 
students will explore the intricate structure and function of this polymer. Students will 
come to an understanding that without DNA the manifestation of immune responses woul
not be possible. 
  
II Learning Obj
 Upon completion of this 



 
I Materials and Equipment: 

st tube or other small container 

% ethanol) 

cut outs 

nt handouts. 
 
II Suggested Lesson Sequence: 

tive Introduction: 
As ss of spooling their own DNA. This 

/Cheek.DNA.pdf

V
• .9 % salt water 
• small cups 
• 30-50 ml te
• 25% soap solution. 
• Ice cold alcohol (95
• Teaspoons 
• Nucleotide 
• Tape 
• Stude

V
a)Focus Activity/ Investiga
an introduction, step students through the proce

is an inquiry activity. So, step for step, allow students to explain what components of 
the cell are being affected by certain materials such as the soap water. Administer 
directions orally as it will promote discussion for each individual step. Access the 
following website for teacher and student directions: 
http://www.life.uiuc.edu/hughes/footlocker/Activities

This site also includes great graphics on DNA and associated structures. It further 
g. 

he extraction activity, show students what they have 
spo

 c) A g:  
s that they are about to develop their own understanding of  

DN

 At 

ir 

 Add oductory information to this material may also be presented via the 
oll

supplies a graphic on reactions of the cell to chemicals in the process of DNA spoolin

 b) Discussion of Activity: 
Upon completion of t
oled (molecular model of DNA) via a model, or via an image on a projector. 

Tap into students’ knowledge of DNA at this point. This will set the stage for 
note taking. 
ttach Meanin

Inform student
A in a group setting. Emphasize that upon the conclusion of the activity that 

they will engage in will make them somewhat of experts on DNA. Therefore, 
they should be prepared to address questions upon conclusion of the activity.
this point, students will complete the DNA inquiry lesson (adopted from the 
Woodrow Wilson institute site).  See student hanout #8. Discuss / probe the
findings.  
itional intr

f owing website: http://gslc.genetics.utah.edu/units/basics/index.cfm

Click on tour the basics. This provides great visuals and explanations to what 

d) 
ice, allow students to construct responses to the 

followin
hat is the job of DNA? 

 from your cheek cells aid in the 
development of Lyme disease. 

DNA is and how it functions. 
Independent Practice:  

For independent pract
g questions: 

1) W
2) How does what you spooled

http://www.life.uiuc.edu/hughes/footlocker/Activities/Cheek.DNA.pdf
http://www.life.uiuc.edu/hughes/footlocker/Activities/Cheek.DNA.pdf
http://gslc.genetics.utah.edu/units/basics/index.cfm


3) How does this “stuff” influence characteristics of your immu
system? 

ne 

e) Closing:   
Discuss the independent practice questions. 

VII

ood cells components and structures and 
ng questions: 

me similar messages that all WBC’s follow from their 

 
eir DNA. 

 
tion? 

 
IX Key Qu

1) What is DNA and what is its relationship to the functionality of white blood 
e immune system? 

d 
e was mutated? 

 
 

I A ssse sment: 

 Homework: Review the specialized white bl
complete the followi

1) List those cell types with DNA. (remember where DNA is found in the cell) 
2) List by composition, so

DNA? 
3) List by composition, some different messages that each of the WBC’s follow

from th
4) If all cells have the same DNA in the human body, then how does DNA specify

for cell specializa

estions: 

cells in th
2) What sequence in the transduction process of Lyme Disease would be affecte

if the DNA in the macrophag

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 





Student Handout #8 

STUDENT PAGE 
Discovering DNA Structure 

D = deoxyribo 
N = nucleic 
A = acid 

DNA contains the information for carrying out the activities of the cell. How this 
information is coded or passed from cell to cell was at one time unknown. To break the code, 
today you will do a paper lab to determine the structure of DNA and show how the genetic 
code is carried. Each member of your group has a molecule called a NUCLEOTIDE. DNA is 
made up of repeating units of nucleotides.  

• Look at your nucleotide and the nucleotides of the other members of your group. 
What are the THREE common parts of a nucleotide?  

 
What is the ONE part of a nucleotide that differs among the four DIFFERENT 
nucleotides in your group?  

List the four different kinds of nitrogen bases.  

 

• Manipulate the nucleotide pieces until you find the best fit. Join the nucleotide 
molecules in your group together like a puzzle. Use tape to connect and reinforce 
the molecules. You now have a molecule of DNA.  

In the space below, explain WHERE the nucleotide molecules connect to each other.  

 
A real DNA molecule consists of THOUSANDS of these pairs of nucleotides. What 
is the pairing arrangement of nitrogen bases?  

_________ pairs with ________and _________ pairs with __________  

Are there always going to be an EQUAL number of adenine and thymine nucleotides 
in a molecule?  

Why?  

 
Are there always going to be an EQUAL number of guanine and cytosine molecules in 
a molecule of DNA? Why?  

 
Scientists abbreviate the nitrogen bases by using the first letter of each base. So, 
A always binds to ____ 
G always binds to ____  

In the space below, use the letters to show the sequence (order) of the bases in the 
DNA molecule that your group constructed. Begin at the top left side of your 
molecule.  





http://www.woodrow.org/
http://www.woodrow.org/teachers/biology/
http://www.woodrow.org/teachers/bi/1994/
http://www.woodrow.org/search/
http://www.woodrow.org/search/
mailto:webmaster@woodrow.org
mailto:webmaster@woodrow.org
mailto:webmaster@woodrow.org
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Lesson #9 
 
I Overview: 
 DNA is the molecule of life. It determines structures and therefore, functions of 
all organisms. A comprehensive study of this genetic material within various organisms can 
explain why we vary as organisms. It can also explain why variant species are utilized as 
models to produce products useful to Homo sapiens. Manipulation of such material can and 
has unveiled the aforementioned as well as much more. This lesson explores each of these 
premises and exposes students to biotechnolog



banding pattern for that particular DNA (DNA fingerprint). This allow for scientists to 
conclusively infer relationships (as different organisms produce varying banding patterns). 

http://www.dnai.org/index.htm
http://www.biologycorner.com/worksheets/fingerprint.html


VII Suggested Lesson Sequence: 



 
IX Key Questions: 

1) How does the technique of DNA fingerprinting aid in the resolving process of 
Lyme disease? 
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Lesson #10 
 
I Overview: 
 DNA replication is a semi-conservative process that yields identical quality and 
quantity of the original DNA to each cell in the body. With chemical cues in place, cells 
undergo this process naturally. This process can too be artificially executed beyond the 
membrane of the cell via Polymerase Chain Reaction (PCR) process. This process has allowed 
for science to ascend to many levels as it amplifies many copies of useful genes more 
expediently than the natural process itself.  In this lesson, students will explore the natural 
and artificial process of DNA replication. Students will further apply their knowledge of the 
process to formulate hypothesis to eradicate Lyme disease. 
  
II Learning Objectives:  
 Upon conclusion of this lesson students will be able to: 

a) Describe the steps involved in DNA Replication. 
b) Assess the pros and cons of artificially stimulating DNA replication. 
c) Evaluate the usefulness of PCR in the resolution of Lyme disease. 

 
III Science Background: 
 Polymerase Chain Reaction (PCR) is technique which artificially generates / 
duplicates multiple copies of DNA quickly. This process can be used to amplify genes in 
particular. Genes of special interest like insulin genes for example, are targeted and 
amplified ultimately for diabetics. Other uses include creating recombinant DNA (two 
foreign DNA fragments spliced together) or creating transgenic organisms (organisms that 
have foreign DNA inserted into their genomes) for study. Both are beneficial in soliciting 
desired outcomes or products. Both are equally harmful in their degree of unpredictability. 
Nevertheless, this process renders itself useful in the biotechnology community for a 
plethora of reasons. 
 PCR can summarized in 3 oversimplified steps: 

1) Isolate gene of interest. 
2) Introduce gene of interest to solutions with enzymes necessary to 

execute DNA replication. Such enzymes include ligase, polymerase and 
helicase. 

3) Expose sample (in micropippette) to various temperatures for specific 
time intervals. This induces the cycle of denaturing and annealing to 
produce multiple copies of DNA. 

 
Once genes have amplified, the genes of interest may be introduced to a host 
organism (an organism to see to it that genetic code is sufficiently propagated). 
Such organisms may include prokaryotes like E. coli or eukaryotes like mice. These 
genes are introduced via mechanical or biological vectors. When and if the gene of 





4) Allow students to walk you through the process by instructing you to 
manipulate the models or drawings.  Continue to probe until a sensible 
explanation is achieved. 

http://science.nhmccd.edu/biol/bio1int.htm
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       The luciferase gene has been and continues to be an indicator of successful 
transfections of organisms being studied in labs. The insertion of the dom/neg p38 
gene into mice for instance is sometimes coupled with this gene (cotransfection) to 
quantify p38 dom/neg expression.  In order to hold effective in studies, these two 
genes must inserted within the same operon (cluster of genes expressed together 
for a particular trait). Nevertheless, both are influenced by the process of protein 
synthesis and can be critical in its resolution of Lyme disease. 

 
IV Student Prior Knowledge and Skills: 
 For successful completion of this lesson, students will be expected to possess the 
following knowledge and/or skills: 

a) Define cytokine 
b) Describe structure and function of genes 
c) Describe the transduction pathway that leads to Lyme Disease.  

 
V Time Requirements: 

• 1, 90 minute block. 
• 2, 45 minute periods. 

 
VI Materials and Equipment: 

• computer 
• projector for computer 

 
VII Suggested Lesson Sequence: 

a)Focus Activity/ Investigative Introduction: 
Instruct students to look back onto or recall the opening simulation to this unit. Ask the 
messenger to repeat the message on the paper. What was the message? What did the 
person receiving the message have to do? Where did the directions come from? 
Continue questioning until students have a clear understanding of the simulation.  

b)Discussion of Activity: 
Now explain that even though the simulation was a simplified version compared to what 
actually goes on in a cell. Then ask students what if the original message was altered? 
How would that affect the overall pathway? Discuss this briefly and then pursue the 
instruction of protein synthesis. 

c) Attach Meaning: 
Prepare students for the lesson by saying that we are going to explain this small part of 
the process in detail (the message & following the message part). We will unveil this 
process by first understanding what makes fireflies glow. Next, follow this sequence of 
instruction: 

1) Access the genetic science learning center at 
http://gslc.genetics.utabh.edu/units/basiscs/index.cfm 

2) Scroll down to basics and beyond. 
3) Click on “What Makes a Firefly Glow?” and run the animation. 
4) Probe students throughout the animation. Students will learn luciferase 

here. 

http://gslc.genetics.utabh.edu/units/basiscs/index.cfm


5) Relate the process learned in the animation (protein synthesis) to the 
opening discussion. 

d) Independent Practice: 
Organize students into teams of four. In these teams instruct students to create 
compelling arguments to support the use of the gene for luciferase in studies focused 
on Lyme disease. Students may need some help getting started. Remind them of the 
purpose of transfections and that scientists always need a standard to justify their 
observations. Give groups at least fifteen minutes to gather their thoughts and open the 
floor for some arguments. 

e) Closing: 
Continue to hear arguments and add input with emphasis on how protein 
synthesis influences the inflammation process in Lyme disease and can be 
quantified just by the output (intensity of glow or number of enzymes produces). 
Reinforce that this output is critical in establishing protocols to remedy this 
endemic disease. 

 
VIII Assessment: 
 



IX Key Questions: 
1) 
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Lesson #12 
 
I Overview: 
 MRNA, the relay messenger in the protein synthesis process is a powerful tool in 
biotechnological studies. MRNA is only produced when its cDNA counterpart is active. Thus,  
mRNA found in the cytoplasm of a cell at any given time is a strong indicator of gene 
activity. It is an indicator of what genes are active or in fact inactive during specific 
cellular processes. In this lesson students will explore the power of mRNA as they learn 
techniques of Southern Blotting and Cell purification through positive and negative 
selection. Finally, students will assess how these techniques are used in murine studies of 
Lyme disease. 
 
II Learning Objectives:  

Upon completion of this lesson students will be able to: 
a) Describe the technique of Southern Blotting. 
b) Infer the sequence of steps involved with Western Blotting. 
c) Simulate the process of protein purification. 
d) Relate the techniques of Southern Blotting, Western Blotting and 

Protein Purification to the resolution of Lyme Disease. 
  
III Science Background: 
 Southern Blotting is a technique used in biological studies and is used to identify the 
presence of certain genes versus others. The process is initiated through the 
implementation of all steps involved with gel electrophoresis. However, as opposed to being 
stained, the gel is exposed to a nitrocellulose paper (which denatures the DNA into single 
strands) via compression and DNA is blotting onto the nitrocellulose paper. This paper is 
then incubated with labeled radioactive nucleic acids and photographed. The radioactive 
“probes” that display a band are those successful in the hybridization process. This means 
that they annealed with the open DNA strands denatured earlier in the process.  
 MRNA extraction and further processing of it can be used in conjunction with the 
Southern Blot method to identify the activity of certain genes versus others. MRNA can be 
processed with reverse transcriptase to create cDNA (its compliment). This cDNA then can 
be processed in the exact fashion as the aforementioned Southern Blot technique and will 
thus yield information about which gene was active at the time that the mRNA was 
extracted from the cell.  
 WBC purification is a technique used to separate one type of the cells from its 
counterparts present in the body simultaneously. The process is executed in the following 
manner: 

1) Obtain cells from the spleen of an organism. 
2) Lyse the red blood cells. This leaves all of the white blood cells. 
3) Add biotinalated antibodies specific to WBC being selected for.  



4) Add magnetic beads. These will draw into the antibodies with biotin. 
5) Run sample through magnetic column. 
6) The beads will attract to and stick in the column and the others will run through. 
The cells that are stuck to the column are positively selected for while the others 

that were channeled through the column have been negatively selected for. The cells 
positively selected for can then be further analyzed for specific intracellular activity or 
stimulated for further study. 
 
IV Student Prior Knowledge and Skills: 
 For successful completion of this lesson, students will be expected to possess the 
following knowledge and/or skills: 

a) Scientific skills: inferring 
b) Describe the basis of cellular transduction pathways involved with development 

of Lyme disease. 
c) Describe the significance of macrophages in the immune system. 
d) Be equipped with the understanding of how genes work. 

 
V Time Requirements: 

• 1, 90 minute block. 
• 2, 45 minute periods. 

 
VI Materials and Equipment: 

• computer 
• projector 
• Pieces for Southern Blot simulation  

• Narrow strips of paper with 15 letter DNA seqeuces. 
• 8.5” by 11” sheets of white paper with various 15 letter DNA sequences. 

Some will or will not compliment the narrow strips. 
• Construction paper 8.5” by 11”. 
• Glue 

• Metal balls 
• Small rectangular magnets  
• Small rectangular pieces of wood. 
• 1 Large magnet 

 
VII Suggested Lesson Sequence: 

a)Focus Activity/ Investigative Introduction: 
Review the process of protein synthesis by viewing the RNAi movie.  
1) Access website: http://www.nature.com/focus/rnai/animations/index.html 
2)   Click on movie and view at least twice.  

3)   Probe students to identify the various key players of this process in the movie.  

b) Discussion of Activity: 
4) Review the overall process orally or by emphasizing points demonstrated in 
the movie. 

c) Attach Meaning: 
Invite students to see the power of mRNA by introducing the techniques of 

http://www.nature.com/focus/rnai/animations/index.html


1) Southern Blotting: access http://science.nhmmcd.edu/biol/bio1int.htm 
2) Click on Biotechnology Websites by McGraw Hill. 
3) Click on Southern Blotting title. 
4) Run animation. 
5) Review how mRNA is made. 
6) Explain how mRNA can provide insight into the activity of certain genes. 

http://science.nhmmcd.edu/biol/bio1int.htm


IX Key Questions: 

1)



Immunology Educational Unit: The Bulls Eye in the Immune System (Lyme Disease) 
By 

Tamica Stubbs 
 

Overview / Purpose:  
Students sometimes require non-traditional forms of assessment in order to be successful. 
This holds especially true in the science field. In order to truly determine whether students 
are thinking scientifically, instructors must create inquiry based assessments. The final 
section of this unit provides a suggestion for a cumulative assessment that does so in a 
manner consistent with inquiry. 
 

Student Information 
 
Project Title: Curing Lyme Disease, One Individual at a time! 
 
Provisions of the project: 



Timeline: 

http://gslc.genetics.utah.edu/basics/index.cfm
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