HASPI Medical Biology Lab 09
NGSS HS-LS2-1
Teacher Information
Description
a. Modeling Carrying Capacity
Students will use mathematical and computational models to represent and/or
support carrying capacity of ecosystems at different scales. The mathematical
models will focus on population dynamics that impact or influence human health.
The computational model demonstrates the characteristics of exponential growth
versus logistical growth.
b. Carrying Capacity and Foodborne Illness
The lab focuses on population dynamics of normal human gut flora, and how the
introduction of pathogenic bacteria can result in foodborne illness. Students act as
medical lab technicians and perform a rapid ELISA to test for the presence of E. coli
O157 in patient samples.

Next Generation Science/Common Core Standards
Students who demonstrate understanding can:
HS-LS2-1. Use mathematical and/or computational representations to support explanations of factors that
affect carrying capacity of ecosystems at different scales.
Medical Application: Mathematical and/or computational representations can be used to support
explanations of factors that affect carrying capacity of the human intestinal microbiome, and
provide evidence for the rise of pathogenic organisms that cause foodborne illness.
Science and Engineering Practices
Disciplinary Core Ideas
Crosscutting Concepts
Using Mathematics and Computational
Thinking
• Use mathematical and/or
computational representations of
phenomena or design solutions to
support explanations.

LS2.A: Interdependent Relationships in
Ecosystems
• Ecosystems have carrying capacities, which
are limits to the numbers of organisms and
populations they can support. These limits
result from such factors as the availability of
living and nonliving resources and from such
challenges such as predation, competition,
and disease. Organisms would have the
capacity to produce populations of great
size were it not for the fact that
environments and resources are finite. This
fundamental tension affects the
abundance (number of individuals) of
species in any given ecosystem.
Articulation to DCIs across grade-levels: MS.LS2.A, MS.LS2.C, MS.ESS3.A, MS.ESS3.C

Scale, Proportion, and Quantity
• The significance of a phenomenon is
dependent on the scale, proportion,
and quantity at which it occurs.

Common Core State Standards Connections:
ELA/Literacy –
RST.11-12.1
Cite specific textual evidence to support analysis of science and technical texts, attending to important distinctions the
author makes and to any gaps or inconsistencies in the account.
WHST.9-12.2

Write informative/explanatory texts, including the narration of historical events, scientific procedures/experiments, or
technical processes.

Mathematics –
MP.2
Reason abstractly and quantitatively.
MP.4

Model with mathematics.

HSN-Q.A.1

Use units as a way to understand problems and to guide the solution of multi-step problems; choose and interpret units
consistently in formulas; choose and interpret the scale and the origin in graphs and data displays.

HSN-Q.A.2

Define appropriate quantities for the purpose of descriptive modeling.

HSN-Q.A.3

Choose a level of accuracy appropriate to limitations on measurement when reporting quantities.
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Essential Question
By the end of this activity students will be able to:
• Use a mathematical representation of population growth to support explanations of
factors that affect carrying capacity.
• Use a computational representation of population growth to support explanations of
factors that affect carrying capacity.
• Describe how the population growth of normal gut flora can be impacted by the
introduction of pathogenic bacteria.
• Understand how a microorganism can cause foodborne illness when its population
breaches carrying capacity.
• Describe the antibody-antigen interaction necessary for an ELISA test.

Time
Estimated Time

Actual Time (please make note below)

Lab 09a: 55 - 60 minutes
Lab 09b: 45 - 55 minutes
Note: Share the actual time on the forum (www.haspi.org) or at HASPI curriculum conference

Materials
HASPI is a grant-funded project and on occasion we are able to provide supplies to
participating sites. If we are unable to provide supplies, the company, item number, and
approximate cost have been included.
Lab 09a. Calculating Carrying Capacity
Provided (P)
or Needed (N)

Supply

Calculator
Graph paper/graphing software

N
N

Quantity
40
40

Company/
Item #

Approximate
Cost

-

-

!

Lab 09b. Carrying Capacity and Food Poisoning
Supply
Microtiter strip plates
Tween 20 detergent
STOCK Substrate solution
0.05 g bromophenol blue sodium salt per 50
ml for stock– then dilute 5 ml stock into 45 ml
water for working solution.
Plastic pipettes (rinse & reuse)
Centrifuge tubes (rinse & reuse)
Clear liquid soap
Flat toothpicks (use from lab 07)
P1 – water
P2 – water
P3 – water
P4 – water
P5 – water
P6 – water
P7 – water
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Provided (P)
or Needed (N)
P
P

Quantity
12
5 ml

Company/
Item #
Edvotek/666
Fisher Sci/BP337-100

Approximate
Cost
$19.00
$28.99

P

6 ml

Fisher Sci/403160050

$21.50

P
P
P
P
P
P
P
P
P
P
P

110
110
5 ml
5
40 ml
40 ml
40 ml
40 ml
40 ml
40 ml
40 ml

Wards/6525410
Wards/181361
Grocery
Grocery

$10.75
$20.28
$5.00
$2.50

Fill with 40 ml of
tap water

N/A
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Wash solution – water
E. coli O157 antigen solution – water
Color antibody - water
Cling wrap
Sharpie

P
P
P
N
N

40 ml
40 ml
40 ml
10 sheets
10

Paper towels

N

As needed

Fill with 40 ml of
tap water

N/A

-

-

-

-

Company Contact Information:
Fisher Scientific
www.fishersci.com
800.955.1177

Edvotek
www.edvotek.com
800.338.6835

Ward’s Science
www.wardsci.com
800.962.2260

Grocery
Can be found at any local
grocery store

Common Student Misconceptions
The following is a list of possible misconceptions that students experience. Please feel free to
add any additional misconceptions students experienced during this activity to be better
prepared for the future use of this lab/activity.
• Students, particularly those who have not taken algebra, will likely need assistance
with the mathematical modeling equations.
• The exponential and logistic growth equations have MANY derivatives.

Additional Misconception Notes:

Guiding Questions
These questions are meant to support discussion of the concept/standard.
• From your observations, how do populations of organisms grow? Humans, plants,
insects, etc.?
• Do you think populations that give birth to multiple offspring will increase their
populations faster than those that do not? Why or why not?
• What is the difference between exponential and logistic population growth?
• Why are models so useful?

The Task/Response System
Through multiple discussions and suggestions, HASPI has decided to use the task/response
system for lab procedures and directions. The response column can be utilized to:
• Provide space for answers to questions provided in the task column
• Provide space for data/observation records
• Provide images to help relay a step
• Support reinforcement of the standards/concepts immediately during the lab
investigations
• Any other way you see fit to use it!
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Additional Information
Information
Page #
Lab 09a. Modeling Carrying Capacity
Part A of this activity is a computational model that gives
students the opportunity to learn about and simulate
exponential and logistic population growth. It will also
give the students the opportunity to be introduced to the
exponential and logistic population growth equations,
Pages 269-275
and obtain math assistance if needed. If you are
unfamiliar with these equations, we suggest going through
Part A before presenting it to the students for a better
understanding of how the equations can be used to
model population growth.
Part B of this activity is the mathematical modeling using
the exponential and logistic growth equations the students
Pages 276-280
just learned about in Part A. If they understood Part A,
then Part B should be fairly straightforward.
Math answers for word problems:
Word Problem A. N = 7.8 billion
Word Problem B. r = 0.36
Word Problem C. N = 8,894,133
Word Problem D. 1 hour N = 60, 2 hours N = 93, 3 hours N = 141, 4 hours N = 215,
5 hours N = 327, 6 hours N = 497, 12 hours N = 6179, 24 hours N = 954,439
Word Problem E. dN/dt = 60,750
Word Problem F. r = 0.62
Word Problem G.
Month
1348 AD
Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec

N
100
1,260
36,504
98,850
212,675
572,140
1,000,250
1,765,743
3,000140
3,975,001
4,300,500
4,850,025

1 – (N/K)
1
1
.99
.98
.96
.89
.8
.65
.4
.21
.14
.03

Location

Part A

Part B

dN/dt
24
302.4
8673
23250
49000
122209
192048
275456
288013
200340
144497
34920

NOTE: Answers for Part A will be provided as the students move through the computer simulation.

Lab 09b. Carrying Capacity and Foodborne Illness
This is a simulated ELISA test using the reaction between
Tween 20 and bromophenol blue. Bromophenol blue
turns green/yellow in the presence of Tween 20, which will
be coated on the wells for a positive test.
All of the empty solution bottles should be filled with tap
water.
264

Set-up

Set-up

Set-up

Set-up
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detect the presence of antibodies.
Sometimes however, the
antibody is bound and used to
LAB SET-UP
the presence
of an
antigen.
• Prepare detect
the microtiters
the day before
or day-of
the lab.
• Use a Sharpie to label one end of the microtiter strip “1” and the
Both are based on the same
other end “8.”
principal
however:
a specific
• Using a toothpick,
coat
the inside and
bottom of wells 1, 3, 4, 5, 7,
and 8 with the Tween 20 solution. The well needs to be well
antigen/antibody interaction.
covered! These are the POSITIVE wells.
• Tween 20 will react with the “substrate” bromophenol blue and is
viscous enough that it will not wash off throughout the lab.
• Using a toothpick, coat the inside and bottom of wells 2 and 6 with
the liquid soap. These are the NEGATIVE wells.
• Wrap each microtiter strip with Cling Wrap and store at room
temperature until the lab.
21* 2*

1+

soap
ng
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f
nd
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ms

3

3+

4+
5+
4*
5*

66-

Set-up

Set-up

8+
77+ 8*

* Prepare these wells with Tween20

Resources and References
•
•
•
•

Cure BioScience Explorations. 2010. Simulated ELISA v.3, A Twist of Lyme v.3. Connecticut’s BioBus,
Connecticut United for Research Excellence Inc., www.ctbiobus.org.
Lequin, R. 2005. Enzyme immunoassay/enzyme-linked immunosorbent assay (ELISA). Clin Chem, 51(12):
2415–8.
Park, C.H., Vandel, N.M., and Hixon, D.L. 1996. Rapid Immunoassay for Detection of Escherichia coli O157
Directly from Stool Specimens. Journal of Clinical Microbiology, 34(4); pp 988-990.
Simren, M., Barbara, G., Flint, H.J., Spiegel, B.M., Spiller, R.C., Vanner, S., Verdu. E.F., Whorwell, P.J., and
Zoetendal, E.G. 2012. Intestinal microbiota in functional bowel disorders: a Rome foundation report. Gut,
BMJ Open Gastroenterology, 62(1): 159-176. http://gut.bmj.com/content/62/1/159.full.
University of Wisconsin Board of Regents. 2003. Ecology > Population Dynamics. Connecting Concepts:
Interactive Lessons in Biology, http://ats.doit.wisc.edu/biology/ec/pd/pd.htm.

Each Station Should Have:

Safety equipment
•
Four ELISA strips
Seven tubes of water labeled:
P2, P3, P4, primary
Images (in orderP1,
of appearance)
• https://figures.boundless.com/21346/full/figure-45-03-01.jpe
antibody, secondary
• http://ecology2011tamara2011sp.files.wordpress.com/2011/05/pic1.gif
antibody, and wash
• http://ats.doit.wisc.edu/biology/ec/pd/pd.htm
• http://www.wright.edu/~oleg.paliy/Images/research/Human%20gut%20microbiota.jpg
One tube of bromophenol
• http://www.frontiersin.org/files/Articles/16175/fphys-02-00094-HTML/image_m/fphys-02-00094-g002.jpg
• http://www.selfcarejournal.com/images/uploads/library/Supplement%203.1/Gahan%20figure%202a.jpg
blue solution, labeled
• http://gut.bmj.com/content/early/2012/07/09/gutjnl-2012-302167/F2.large.jpg
“substrate”
• http://www.nature.com/nature/journal/v488/n7413/images/488601a-f1.2.jpg
• http://aggie-horticulture.tamu.edu/extension/poison.html
Eight plastic transfer
• http://www.bio-rad.com/en-us/product/elisa-immuno-explorer-kit
pipettes, one corresponding
• http://www.cartage.org.lb/en/themes/sciences/lifescience/generalbiology/physiology/LymphaticSyste
m/Antibodymediated/antigenAB.gif
to each tube
several paper towels
Four ELISA charts
Several toothpicks

oted
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Carrying Capacity and Foodborne Illness
HASPI Medical Biology Lab 09b
Background
Microflora of the Intestinal Tract

Ecosystems have carrying capacities, which are limits to the numbers of organisms and
populations they can support. These limits result from such factors as the availability of living
and nonliving resources, and from such challenges as predation, competition, and disease.
Organisms would have the capacity to produce populations of great size were it not for the
fact that environments and resources are finite. This fundamental tension affects the
abundance (number of individuals) of species in any given ecosystem. This is true even at
the microscopic level. There is an entire unseen world containing many types of organisms.
These microscopic environments are referred to as microbiomes, with the living components
called microbiota or microflora.
One of these microbiomes is the human intestinal
tract. A symbiotic relationship has developed
between humans and the microbiota that exist
within our intestines. These organisms benefit
primarily by obtaining energy from undigested
carbohydrates, while humans benefit in a variety
of ways such as protection from pathogenic, or
disease-causing, organisms. Also known as
gut flora, there are 10 times more of these
“friendly” microorganisms in the intestinal tract
http://www.wright.edu/~oleg.paliy/Images/research/Human%20gut%20microbiota.jpg
than there are cells in the human body (they
number more than 100 trillion!). Researchers estimate there are between 300 and 1000
different species, with only some information known about them. The gut flora consists
primarily of bacteria, or about 99%, but can also include fungi and protists. In fact, bacteria
are so prevalent that dried fecal matter contains more bacteria (60%) than actual feces!!
While the fact that we are
hosts to so many
microorganisms may sound
disturbing, gut flora is integral
to a healthy digestive system.
They are capable of
producing vitamins such as
vitamin K and biotin,
producing hormones that
assist in fat storage,
fermenting unused energy,
http://www.frontiersin.org/files/Articles/16175/fphys-02-00094-HTML/image_m/fphys-02-00094-g002.jpg
boosting the immune system, and preventing the growth of pathogenic bacteria. Some
researchers have even suggested that gut flora should be considered an additional organ
due to its function. While gut flora is predominantly helpful, under certain conditions some of
the species are capable of causing disease or increasing the risk of cancer.
Carrying Capacity and Foodborne Illness, HASPI Medical Biology Lab 09b
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Where does gut flora come from? The womb is a sterile environment, and therefore babies
are born with a sterile intestinal tract. At birth, the intestinal tract is colonized with
microorganisms from the mother’s intestinal tract and vaginal canal. The gut flora becomes
more complex as the child ages, and the microorganism populations fluctuate and change
throughout the human lifetime depending on age, health, diet, and even region of the
world in which an individual lives. For example, the species and populations of microflora in
a young versus elderly individual are very different (see Diagram A). Microflora can also be
very different among children only or other same-age individuals. Diagram B summarizes
data of research that compared the populations of select bacteria from children in an
industrialized region of Italy and a rural region of Africa.

Diagram A. Young vs. Elderly

Diagram B. Regional Comparison

http://www.selfcarejournal.com/images/uploads/library/Supplement%203.1/Gahan%20fig
ure%202a.jpg
http://gut.bmj.com/content/early/2012/07/09/gutjnl-2012-302167/F2.large.jpg

A Population Imbalance: Gastrointestinal Distress
The intestinal tract microbiome is a sensitive ecosystem. Each species population is kept in
balance through predation, competition for living and nonliving resources, disease, and
other complex interactions. The upper limits of a
population that the intestinal tract is capable of
maintaining, while still maintaining a healthy environment,
is called its carrying capacity. It is a delicate balancing
act that occurs within the body to maintain what is
considered a “healthy” population of gut flora.
In addition to normal interactions between species and
populations, outside influences can also impact the gut
flora. Some of these external influences include broadspectrum antibiotics, which are often used to treat
bacterial infections, but that often impact the number of
bacteria in the normal gut flora. This can allow other
pathogenic bacteria the chance to grow, which cause a
different type of infection. [This is why patients are told to
eat yogurt while on antibiotics.] Antibiotics can also irritate
the intestines, directly causing antibiotic-associated
diarrhea (AAD).
http://www.nature.com/nature/journal/v488/n7413/images/488601a-f1.2.jpg
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If a species surpasses its carrying capacity or the population becomes too low, it results in an
imbalance in the ecosystem, and can result in gastrointestinal distress. A few examples of
population imbalances that can cause gastrointestinal distress include:
• Translocation – When normal gut flora move outside of the intestines, they can cause
infection in other parts of the body, particularly in the circulatory system. This usually
occurs when there is a higher than normal population of gut flora in the small intestine.
• Cancer – A higher than normal population of Clostridium and Bacteroide bacteria has
been associated with an increased intestinal tumor growth rate.
• Inflammatory Bowel Disease (IBD) – While not thoroughly researched, it is believed that
an imbalance in the population of gut flora in the colon results in an overreaction of
the immune system. This damages the colon, and results in IBD.
• Obesity – In experiments using mice, it has been found that obese mice had a higher
population of Firmicutes and a lower population of Bacteroidetes, while lean mice
had the opposite (lower Firmicutes and higher Bacteroidetes).

Bacteria Population Imbalances and Foodborne Illness

In general, an imbalance of the normal gut flora opens the door for pathogenic organisms
that would normally be prevented from causing serious issues, giving them the opportunity to
create disease in the human host. Most often, these pathogenic organisms enter the
intestinal tract from food, and are therefore called a foodborne illness, also known as food
poisoning. The CDC estimates that approximately 48 million cases of foodborne illnesses
occur yearly in the United States, costing more than $5 billion in healthcare costs.
Bacteria are the most common culprits, and 90% of foodborne illnesses are caused by only
!
eight species. These include Escherichia coli (E. coli), Staphylococcus aureus, Clostridium
perfringens, Listeria monocytogenes, Vibrio parahaemolyticus, Bacillus cereus, Salmonella,
and Campylobacter. While small populations of these bacteria are normally found on raw
foods, an individual must consume a fairly large amount of these bacteria to become ill.
Improper storage, handling, and cooking of food can allow bacteria to grow exponentially.
When a large population of these pathogenic bacteria is consumed, the population
competes with normal gut flora. This may result in a condition called dysbiosis, in which the
population of pathogenic bacteria increases, while the gut flora population decreases.
Diagram C. Population Imbalance In:
Healthy Intestinal Tract
Altered Intestinal Tract

!

A “healthy” normal microbiota population helps
create a barrier between pathogenic (diseasecausing) organisms and the walls of the intestines.
The microbiota interact through predation,
competition, etc. to maintain healthy populations.

The gut environment can be altered through antibiotic
use, diet, hygiene, pollutants, etc. This impacts the
microbiota populations, and can result in dysbiosis, an
increase in pathogenic organisms and decrease in
microbiota, leading to damage of the intestinal walls.
Pathogenic
organisms

Microbiota
Microbiota
Pathogenic
organisms

Healthy Intestinal Wall

Inflamed Intestinal Wall
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The following table summarizes some of the characteristics of pathogenic bacterial species
that can cause foodborne illness.

http://aggie-horticulture.tamu.edu/extension/poison.html

The ELISA Test: An Antibody-Antigen Reaction

ELISA is an acronym for Enzyme Linked Immuno-Sorbent
Assay. The ELISA tests can be used to identify the presence
and/or quantity of proteins, normally antibodies or antigens,
in bodily fluids. The ELISA can be used to test for a variety of
conditions including infectious disease, pregnancy,
hormone levels, allergens, or the presence of illegal drugs
in the blood or urine. Knowing the antibody-antigen
reaction is important to understanding the ELISA test.
284
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Antibodies are proteins produced by the immune system in
response to foreign substances, called antigens. An antigen
could be a microorganism such as a virus or bacteria, or just
a foreign chemical or protein such as pollen. When an antigen
enters the body, the body undergoes a complex set of steps in
order to create antibodies SPECIFICALLY for that antigen. The
antibodies have the ability to bond to antigens, and make
themselves a target for the body’s immune system to attack
http://www.cartage.org.lb/en/themes/science
and destroy. For example, when a flu virus enters the body
s/lifescience/generalbiology/physiology/Lymph
aticSystem/Antibodymediated/antigenAB.gif
a specific antibody is created to combat that flu virus.
The ELISA test uses this antibody-antigen reaction to identify whether a
patient may have a specific antibody or antigen in the system. For
example, an ELISA test can be used to determine whether an
individual has antibodies in the blood for the H1N1 virus. The presence
of large amounts of these antibodies in the blood means that the
body created them in response to an H1N1 infection. ELISA tests can
be qualitative or quantitative. Qualitative ELISA tests identify whether
a specific antibody, antigen, or protein is present. The quantitative
tests identify how much of the specific antibody, antigen, or protein is
present.

Antigen on surface

Antibody in patient
sample attaches to the
antigen

!

!

A substrate (molecule
upon which an enzyme
acts) is added, and
interaction with the
antibody produces
a color change

!

There are several different types of ELISA tests, but the general
concept remains the same. Samples of human body fluids, such as
blood or urine, are exposed to a plate called a microtiter that has
anywhere from 4 to 300 tiny wells on its surface. The wells have an
antibody or antigen attached to their surfaces depending on the
antibody or antigen being sought. Through a series of steps, the
sample fluid from a patient is exposed to the wells. If the protein the
medical team is looking for is in the body fluid sample, it will attach
itself to the antibody/antigen that had been placed on the wells. This
attachment eventually creates a color change that identifies the
protein’s presence.

Review Questions – answer questions on a separate sheet of paper
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.

What is carrying capacity and how does it impact populations?
What is the difference between a biome and a microbiome? Biota and microbiota?
Explain how the relationship between humans and gut flora is symbiotic.
What type of organism makes up most of our gut flora?
How is the microflora population different in young and elderly individuals (Diagram A)?
How is the microflora population different between regions (Diagram B)? Why do you think it is
different?
What can cause an imbalance in gut flora populations? Give an example.
What is the cause of foodborne illness? Give a specific example of bacteria that can cause food
poisoning. Explain the symptoms and cause.
Explain dysbiosis. What can cause dysbiosis?
What is the ELISA test? Explain how it works.
Explain why the antibody-antigen reaction is important for the ELISA test.
Carrying Capacity and Foodborne Illness, HASPI Medical Biology Lab 09a
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HASPI Medical Biology Lab 09b
Adapted from “Simulated ELISA” lab by Connecticut’s BioBus

Scenario
You are a medical lab technician for HASPI Hospital. Seven patients have all been admitted
to the hospital in the past 24 hours with similar symptoms, including severe abdominal pain,
nausea, and bloody diarrhea. Following the medical examination, it has been determined
that all patients ate at the same restaurant within the past 3 days. Stool samples from each
patient have been collected, and the physician suspects the patients are all suffering from a
similar form of food poisoning caused by E. coli. In order to confirm this suspicion and start
treatment, you have been asked to perform a rapid ELISA test to determine whether the
patients have a specific strain of enterohemorrhagic Escherichia coli (E. coli) called O157.
E. coli O157 can cause hemorrhagic colitis and kidney failure, which can lead to death. The
ELISA test can detect E. coli O157 antigens directly from the stool sample, and will allow for a
much more rapid diagnosis, and therefore faster treatment, for each patient.
Follow the steps to perform the ELISA test on all seven patients. This ELISA test will be positive
if the patient has high amounts of E. coli O157 present in the sample.

Materials
Prepared microtiter strip plate
11 Plastic pipettes
11 Microcentrifuge tubes
Permanent marker
Paper towels

Patient samples (P1 – P7)
Wash solution
Substrate solution
E. coli O157 antigen solution
Color antibody solution

Procedure
Your lab team will be given tasks, or directions, to perform on the left. Record your questions,
observations, or required response to each task on the right.

Task
1

2

Response

Wells 1- 7 are the test wells for the seven patient samples. Well 8 is the control well. All
wells have already been coated with antibodies that would allow antigens from E.coli
O157 to bind to them.
Label the 8 microcentrifuge tubes with the following:
P1, P2, P3, P4, P5, P6, P7, W, S, EA, CA.
Each label stands for the following:
•
•
•
•
•
•
•
•
•
•
•
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P1 (Patient 1)
P2 (Patient 2)
P3 (Patient 3)
P4 (Patient 4)
P5 (Patient 5)
P6 (Patient 6)
P7 (Patient 7)
W (Wash solution)
S (Substrate solution)
EA (E. coli O157 Antigens)
CA (Color Antibody)

P1

P2

P3

P4

P5

P6

P7

W

S

EA
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Dropper bottles of the solutions are available at a central location. Squeeze each
solution bottle into the corresponding labeled tube until the tube is at least ¾ full.
REMEMBER THESE POINTS WHEN ADDING SOLUTIONS TO WELLS!
1. Use a different pipette to add each solution to the wells. This will prevent
contamination.
2. Do not touch the sides of the well with the pipette when adding solutions.
3. Fill the well to the top, but do not overfill any of the wells when adding solutions.
Place 2-4 drops of the P1 solution into well 1.
P1
P2
P3
P4
P5
P6
P7 Control
Place 2-4 drops of the P2 solution into well 2.
Place 2-4 drops of the P3 solution into well 3.
Any E. coli O157 in the patient stool sample
Place 2-4 drops of the P4 solution into well 4.
will bind to antibodies attached to the wells
Place 2-4 drops of the P5 solution into well 5.
a. Why is well 8 important?
Place 2-4 drops of the P6 solution into well 6.
!
Place 2-4 drops of the P7 solution into well 7.
Place 2-4 drops of E. coli O157 antigen (EA) in well 8.
The E. coli O157 antigen will create a positive test
result, and will be used as a control for comparison
to each patient’s test results.
Allow the contents to incubate for 60 seconds. This
gives the antigens time to bind to the antibodies
that have already been attached to the surface of
Antibody
the wells.
Antigen
After 60 seconds, flip the wells over onto a paper
towel to remove the solutions from each well. You
may need to blot the wells on the paper towel a few
times. Pop any bubbles that may have formed in
the wells.
b. Why did you allow the wells to
Place 2-4 drops of wash solution (W) to each well.
incubate for 60 seconds in step 13?
This step removes any antigens that may be left
over, and that did not attach to the well.
1

!

!

Flip the wells over onto a clean paper towel to
remove the wash solution from each well. You may
16 need to blot the wells on the paper towel a few
times. Pop any bubbles that may have formed in
the wells.
Place 2-4 drops of CA (color antibody) solution to
each well. The color antibody will bind to any
antigens that are bound to the antibodies that are
17
attached to the wells. Any color antibody that
remains in the well (attaches) will eventually react
with the substrate to create a color change.
Allow the contents to incubate for 60 seconds. This
18 gives the color antibody time to bind to any
antigens.

8

Well
1

Well
2

Well
3

Well
4

Well
5

Well
6

Well
7

Well
8

Patient 1
Antigen
P1
CA
Substrate

Patient 2
Antigen
P2
CA
Substrate

Patient 3
Antigen
P3
CA
Substrate

Patient 4
Antigen
P4
CA
Substrate

Control A
Antigen
hCG
CA
Substrate

Control B
hCG
CA
Substrate

Control C
Antigen
hCG
Substrate

Control D
Antigen
hCG
CA

c. What
is the purpose of the wash
!
solution?

Color antibody binds to antigens attached to
the antibodies on the well

Antibody
Antigen
Color Antibody

!
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19

20

21
22

except #8. Gently tap the strip of wells on the counter for 30 seconds
to allow any color to develop. Positive wells should turn green to
greenish-yellow. Negative wells will remain blue. Record your results
Period:
Date:
right away.
!

!
d. What is the purpose of the color
After 60 seconds, flip the wells over onto a paper
towel to remove the color antibody from each well. antibody?
Explanation
You may
need to blot(10
theminutes)
wells on the paper towel
a few times. Pop any bubbles that may have
should observe a green/yellow color change in wells 1, 2, 4,
formedStudents
in the wells.
Place 2-4
of W 3,
(wash
solution)
to each
well.
anddrops
5. Wells
6, and
7 should
remain
blue. Well 8 is empty because
This step
removes
any
color
antibody
that
may
be
no substrate is added (If students later added substrate,
it would indeed
e. What is the purpose of the substrate?
left over,
and
that
did
not
attach
to
the
antigens.
turn green/yellow. Have them do this if you like.). Have students record
Flip thetheir
wellsresults
over onto
cleanto
paper
towel to as a class as to which wells were
andacome
a consensus
removepositive.
the washSome
solution
from each
may results depending upon
students
willwell.
haveYou
differing
need to
blot
the
wells
on
the
paper
towel
a
few
!
how precise their pipetting was, and how well they
followed the
times. Pop any bubbles that may form in the wells.
procedure. However, as a class you should be able to make some
Place 2-4 drops of S (substrate) solution to each well.
The substrate will bind to the color antibody

conclusions.

and create a color change in the well for a

positive test
Allow the contents to incubate for 60 seconds, and
Ask
students
to
refer
back
to
the
predictions
they
made
at
the
Positive
Test beginning
observe any color change that occurs.

of the experiment. Did any results surprise you? Why? Why is patient

If the antigens
attach
to the
antibodies
on the
numberdid
four
positive
if they
were vaccinated
against Lyme disease?
well, and the color antibodies attached to the
antigens, the substrate will attach to the color
Discuss the outcome of each control. Did the controls come out as
antibodies and create a color change.

Antibody
Antigen

!

expected? Can you trust your patient results if the controls did not turn
23 ONLY ifout
all of
molecules
and
have in any experiment? Why
as these
expected?
Whyare
arepresent
controls
necessary
attached
to each other
will the color
the solution
is repetition
necesssary
in anyofexperiment?

Color Antibody
Substrate

Negative Test
change. If the E. coli O157 antigens were not
presentElaborate:
in the patient
samples,
theyresearch
did not attach
Have
students
vaccines, what
they are, and how
In a negative test,
to the well,
and
the
substrate
has
nothing
to
bind
to;
they work. Have groups research other diseasesnothing
that attached
can be diagnosed
therefore no color change will occur.
to the antibodies

using an ELISA and make a short presentationontotheshare
with the class.
well, so the
substrate has
nothing to bind to
(no color change)

ELISA Results:
Record the results (color change) of each well in
Table 1. The positive test may be light blue, yellow,
24 or green and a negative test will remain the same
color as the substrate solution.

P1

P2

P3

Positive Result

P4

5

6

Negative

7

8

Positive

Negative Result

Simulated ELISA v.3 • 4
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Analysis & Interpretation
Table 1. Elisa Test Results
Well #
Patient

1
Patient
1

2
Patient
2

3
Patient
3

4
Patient
4

5
Patient
5

6
Patient
6

7
Patient
7

8
Control

ELISA
Test
Result
(+ or -)

Analysis Questions – answer questions on a separate sheet of paper
1. What is E. coli O157? What are its symptoms?
2. How can the ELISA test be used to detect E. coli O157?
3. Which patients tested positive for E. coli O157 according to the ELISA test? What are
the next steps in their treatment (use online research if needed)?
4. If any patients tested negative, what do you think should be the next steps in their
diagnosis and treatment?
5. What was the purpose of Well 8? What might be assumed if Well 8 did not change
color?
6. Using a table or diagram, summarize the steps of the ELISA test.
7. What factors impact the population size of E. coli O157?
8. What is the relationship between the population size of E. coli O157 and its ability to
cause disease?
9. Hypothesize how E. coli O157 might impact normal gut flora.
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Connections & Applications
Your instructor may assign or allow you to choose any of the following activities. As per
NGSS/CCSS, these extensions allow students to explore outside activities recommended by
the standards.
1. RESEARCH: Choose one of the following groups of organisms that are part of the
normal human gut flora: Lactobacillus, Staphylococcus, Streptococcus, Clostridium,
Bacteroides, or Candida. Research and answer the following questions related to the
organism group that you chose. Cite your resources.
a. In what type of ecosystem within the body do these organisms live?
b. What benefits do these organisms provide to the human host?
c. How do these organisms benefit from the human host?
d. What specific conditions (antibiotics, diet, etc.) can impact the populations of
these organisms?
e. What issues can occur if populations of these organisms become unbalanced?
2. VIRTUAL LAB: POPULATION BIOLOGY: Visit the following website and download the
“Word Document” that goes along with the lab. Keep the Word document open, and
complete the lab sheet as you proceed through the virtual lab.
www.biologycorner.com/worksheets/virtual_lab_population.html#.U1QvEuZdWQZ
3. ANALYZING IBS RESEARCH: Irritable Bowel Syndrome (IBS) is a gastrointestinal disorder
that results in abdominal pain, discomfort, bloating, constipation, and diarrhea. While
highly debated, it is currently believed that IBS results from the overgrowth, or breach
in carrying capacity, of bacteria in the small intestine. This theory results primarily from
data and research collected from “breath tests.” A large amount of research studies
have been conducted that compare the gut flora of healthy individuals and of
individuals with IBS. The major findings and data from each study have been
collected in the table on the next page. Analyze the data presented by each study
and answer the following questions.
a. Is the data valid for comparison? Why or why not?
b. What was the difference between the gut flora of healthy individuals (control)
and individuals with IBS?
c. Comparing ALL of the valid studies, do you think there is a link between IBS and
an overgrowth of bacteria? Use data from the studies to explain and validate
your answer.
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Modified from Simren M, Barbara G, Flint HJ et al. Intestinal microbiota in functional bowel disorders: a Rome foundation report. Gut 2012.
http://www.selfcarejournal.com/images/uploads/library/Supplement%203.1/Spilller%20Table%203.jpg
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