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Introduction

The brain is an incredibly important and complex organ. It is responsible for everything 
your body does, from eating and breathing to playing soccer and learning the violin. 
When something goes wrong in the brain, it can be devastating. In these simulations, 
students explore the neurodegenerative diseases Huntington’s Disease and Alzheimer’s 
Disease.  

Background Information  

The nervous system is the information superhighway of the human body. Its basic func-
tional unit is a nerve cell called the neuron. These are specialized cells capable of con-
ducting electrical (nerve) impulses to transfer messages throughout the body. There are 
approximately 86 billion neurons in the human body. The nervous system also contains 
supporting cells (neuroglia) that support, protect and nourish neurons. These neurons, 
in conjunction with neuroglia 
and other ancillary structures, 
form the various organs (e.g. 
brain, spinal cord) and tissues 
(e.g. nerves) of the nervous 
system.

The nervous system extends 
throughout the entire body 
(Figure 1). Therefore, when 
something goes wrong, it’s 
incredibly detrimental. Neu-
rodegenerative diseases are 
diseases that occur later in 
life, as neurons begin degrad-
ing. Two neurodegenerative 
diseases are Huntington’s Dis-
ease and Alzheimer’s Disease. 

Huntington’s disease is a 
genetic neurodegenerative 
disease that causes motor 
movement problems and 
impaired mental status. In 
Huntington’s disease, the 
area of the brain that is af-
fected is known as the basal 
ganglia. Neurons in the basal 
ganglia have a number of 
responsibilities, including 
inhibiting certain movements 
so that we can make very 
precise motions. In this way, 
we’re able to sit still, ac-
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Figure 1: The Nervous System
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curately pick up a water bottle, or type on 
a keyboard. However, these neurons are 
affected during Huntington’s Disease, and 
the inhibition becomes lifted. This results in 
erratic and uncontrolled movements known 
as chorea. Huntington’s disease is caused 
by an autosomal dominant mutation in the 
HTT gene, resulting in a mutated huntingtin 
protein. By screening patients and their 
families for the mutant HTT gene, families 
can be knowledgeable about their risks of 
developing the disease and make informed 
decisions regarding their futures. 

Alzheimer’s Disease (AD) is characterized by 
memory loss and a decline in cognitive ability. Alzheimer’s Disease is caused by broad 
neuronal death, stemming from the part of the brain known as the Entorhinal Cortex 
and slowing progressing throughout the rest of the brain. The neuronal death is caused 
by two major proteins: Ab and tau. Ab is a small peptide (protein) that is cleaved from a 
larger protein known as Amyloid Precursor Protein (APP). When APP is cleaved by a cer-
tain protease, it forms Ab peptides. Ab peptides can all clump together to form plaques, 
or areas of dense Ab accumulation. This can inhibit protein transport, mitochondrial 
activity, and many other processes that are detrimental to the cell. Tau, on the other 
hand, is a microtubule protein. Microtubules are the “railroad tracks” of a cell, and tau 
binds to microtubules to stabilize them in the axon. Normally, tau is not found outside 
of the axon. However, during AD, tau is mis-localized to both the cell body and the 
dendrites. This mis-localized tau is also improperly regulated, and forms neurofibril-
lary tangles. These tangles are also very detrimental to the cell. When detecting AD in 
postmortem tissue, scientists use a stain for plaques and tangles. If these are present, 
it means that they patient had AD. 
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Figure 2: Areas of the Brain

Figure 3: Healthy vs. Diseased Brain
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When amyloid b accumulates into plaques during Alzheimer’s Disease, they occupy the 
extracellular space in the brain and cause damage to neurons. These plaques begin to be 
deposited up to 20 years before symptoms start, causing scientists to look for early warn-
ing signs of Alzheimer’s disease before memory impairment. One question is whether or 
not we can measure Ab levels in the CSF, and if so, what happens to it? Does the level of 
Ab stay the same, increase, or decrease in patients with Alzheimer’s disease, and can that 
become a marker of early detection? 

In this workshop, we will be using PCR and gel electrophoresis to examine a family that 
may have Huntington’s Disease, and researching potential biomarkers for Alzheimer’s 
Disease using an ELISA.
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Figure 4: Healthy vs. Diseased Neurons
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Module I:  PCR Amplification of a Family’s DNA
Excerpts from Edvo-Kit #1125 Diagnosing Huntington’s Using PCR

1.  LABEL 5 PCR tubes for: Positive DNA Control (PC), Father DNA (F), Mother DNA (M), 
Daughter DNA (D), and Son DNA (S). Put your initials or group number on the tubes. 

2.   All PCR reactions should be prepared as follows:  ADD 20 µL primer mix (yellow), 5 µL 
DNA sample (red) and one PCR EdvoBead™ to the appropriately labeled 0.2 mL PCR 
tube.  

3. MIX each PCR sample. Make sure the PCR EdvoBeads™ are completely dissolved.  
NOTE: Double-check that both the primer and DNA have been added by looking at the 
color of the mixture in the PCR tube. The mixture should be orange with the primer and 
DNA mixed together. 

4. CENTRIFUGE the samples for a few seconds to collect the sample at the bottom of the 
tubes.

5. AMPLIFY the DNA using PCR: 
 
 PCR cycling conditions:  
 Initial denaturation 94°C for 3 minutes
 94° C for 30 seconds 
 55° C for 65 seconds       30 cycles          
 72° C for 30 seconds  
 Final Extension 72° C for 4 minutes 

6. After PCR, PLACE the tubes on ice.  PROCEED to Module II.

OPTIONAL STOPPING POINT
The PCR samples may be stored at -20° C for electrophoresis at a later time.
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Excerpts from Edvo-Kit #1125 Diagnosing Huntington’s Using PCR
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PREPARING THE AGAROSE GEL WITH SYBR® SAFE STAIN

1.   DILUTE concentrated (50X) buffer with distilled water to create 1X 
buffer (see Table A).

2. MIX agarose powder with 1X buffer in a 250 mL flask (see Table A).
3.   DISSOLVE agarose powder by boiling the solution. MICROWAVE 

the solution on high for 1 minute. Carefully REMOVE the flask 
from the microwave and MIX by swirling the flask. Continue 
to HEAT the solution in 15-second bursts until the agarose is 
completely dissolved (the solution should be clear like water).

4.   COOL the agarose to 60° C by carefully swirling the flask to 
promote even dissipation of heat.

5.   While the agarose is cooling, SEAL the ends of the gel-casting 
tray with the rubber end caps.  PLACE the comb in the ap-
propriate notch.

6.  Before casting the gel, ADD diluted SYBR® Safe stain to the cooled molten agarose 
and swirl to mix (see Table A). 

7.   POUR the cooled agarose solution into the prepared gel-casting tray.  The gel should 
thoroughly solidify within 20 minutes.  The gel will stiffen and become less transpar-
ent as it solidifies.

8.   REMOVE the end 
caps and comb. 
Take particular 
care when remov-
ing the comb to 
prevent damage to 
the wells.

Wear gloves 
and safety goggles

IMPORTANT:

7 x 7 cm gels are 
recommended.  Place 
the comb in the first 

set of notches.
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Module II: Separation of PCR Products by Electrophoresis
Excerpts from Edvo-Kit #1125 Diagnosing Huntington’s Using PCR

REMINDER:
Before loading the 

samples, make sure 
the gel is properly 
oriented in the ap-
paratus chamber.

Lane 1

2

3

4

5

6

Table 1: Gel Loading 

EdvoQuick™ DNA Ladder

Positive Control

Father DNA

Mother DNA

Daughter DNA

Son DNA

RUNNING THE GEL

9. PLACE the gel (on the tray) into the electrophoresis chamber. COVER the gel with 1X 
electrophoresis buffer (See Table B for recommended volumes). The gel should be 
completely submerged.

10. LOAD the entire volume (25 µL) into the well in the order indicated by Table 1, right.
11. CHECK that the gel is properly oriented, then PLACE the safety cover onto the cham-

ber.  Remember, the DNA samples will migrate toward the positive (red) electrode.
12. CONNECT the leads to the power source and 

PERFORM electrophoresis (See Table C for 
time and voltage guidelines).

13. After electrophoresis is complete, REMOVE 
the gel and casting tray from the electropho-
resis chamber.

9. 10.

11. 12.

POUR
1X Diluted
Buffer.

OPTIONAL STOPPING POINT: 
Gels can be stored for several days. 
Place gel in a watertight plastic bag 
with 2 mL of electrophoresis buffer 
and store in the refrigerator.

50x Conc.
Buffer

Distilled
Water+

EDVOTEK
Model #

Total Volume 
Required

1x Electrophoresis Buffer (Chamber Buffer)

M6+

M12

M36

300 mL

400 mL

1000 mL

Dilution

Table

B

6 mL

8 mL

20 mL

294 mL

392 mL

980 mL

Time and Voltage Guidelines
(1.0% - 7 x 7 cm Agarose Gel)

Volts

150

125

  70

15 min.

20 min.

 35 min.

Table

C
Recommended Time

Minimum Maximum

20 min.

35 min.

 1 hour
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Module II: Separation of PCR Products by Electrophoresis
Excerpts from Edvo-Kit #1125 Diagnosing Huntington’s Using PCR

VISUALIZING THE SYBR® GEL 

14.  SLIDE the gel off the casting tray onto the viewing surface 
of the transilluminator and turn the unit on. ADJUST the 
brightness to the desired level to maximize band visualiza-
tion. DNA should appear as bright green bands on a dark 
background. 

15.  PHOTOGRAPH the results. 

16.  REMOVE and DISPOSE of the gel and CLEAN the transilluminator 
surfaces with distilled water. 

14. 15. 16.

dH2O

Be sure to wear UV 
goggles if using a 

UV transilluminator.
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Module III: Researching Alzheimer’s Disease by ELISA

This is a simulation of our Alzheimer’s Disease research kit to save time we have combined 
the antigen, primary antibody, and secondary antibody steps. You will be testing two simu-
lated patient samples: one control (C) and one Alzheimer’s disease patient (AD). 

1. ORIENTATE your strip so that the longer box of wells is on the left. 
2. LABEL the left wells 1 through 4. LABEL well 5 as “C” and well 6 as “AD”. 
3. PIPET the provided standard curve.
 a. PIPET 100 µL of Ab solution to well 1 (provided in a starting concentration of 
  20 µg/ml). 
 b. With a new pipet tip, PIPET 100 µL of 1:4 solution to well 2. 
 c. With a new pipet tip, PIPET 100 µL of 1:8 solution to well 3. 
 d. With a new pipet tip, PIPET 100 µL of 0 solution to well 4. 
4. PIPET the simulated patient samples. 
 a. With a new pipet tip, ADD 100 µL of Control sample to well 5
 b. With a new pipet tip, ADD 100 µL of AD sample to well 6. 
5. INCUBATE for 5 minutes at room temperature.
6. INVERT the strips over the sink or a stack of paper towels to remove the samples. 

Gently TAP the strips 4-5 times onto a fresh paper towel. DISCARD the wet paper 
towels.

7. Using a transfer pipet, ADD PBS buffer to each well until it is almost full – around 9 
drops.

8. INVERT the strips over the sink or a stack of paper towels to remove the samples. 
Gently TAP the strips 4-5 times onto a fresh paper towel. DISCARD the wet paper 
towels.  

9. Using a new transfer pipet, ADD 100 µL (2 drops) of substrate solution to all wells.
10. INCUBATE for 5 minutes at room temperature.
11. ANALYZE the strip. 
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The color intensity of each well reflects the initial concentration of whey. In this simulation, 
the control sample has more Ab in their CSF than the Alzheimer’s Disease patients. This is 
true in real life, as the best biological markers are Alzheimer’s Disease are a decrease in 
the Ab levels and an increase in tau levels in patients’ CSF. 

 Lane Sample  Genotype  
 1 EdvoQuick™ DNA Ladder  --------- 
 2 Positive DNA Control   45 CAG repeats: homozygous dominant
 3 Father DNA   Heterozygote 
 4 Mother DNA  WT (Wild-Type): homozygous recessive
 5 Daughter DNA  Heterozygote 
 6 Son DNA   WT (Wild-Type): homozygous recessive

1   2   3   4   C          AD

Well 1 2 3 4

Dilution --- 1:4 1:8 0

Concentration 20  5 2.5 0
 µg/mL µg/mL µg/mL µg/mL
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Related Products

NEW! Diagnosing Huntington’s Using PCR

For 5 Complete Sets of Reactions. In this experiment, students will conduct a 
DNA fingerprinting exercise on simulated patient samples to determine if 
family members are heterozygous or homozygous for Huntington’s Disease. 
Students will then analyze the amplified DNA segments by agarose gel electrophoresis.
Cat. #1125

NEW! Cell Types in the Brain

For 6 Groups Sharing 3 Polyacrylamide Gels. The brain is an incredibly complex or-
gan and is responsible for regulating almost everything within our body. It does 
this through a network of cells working together to function. The objective of the 
experiment is for students to examine the differences between cell types in the 
brain based on their profiles of proteins.
Cat. #1110

NEW! Detecting Risk Factors for Alzheimer’s Disease 
Using Western Blot

For 6 Groups, with 2 groups sharing a gel. The objective of this experiment is 
for students to understand the theory and application of western blotting. 
Students will perform a western blot to determine simulated clinical trial 
participants’ risk of developing Alzheimer’s Disease.
Cat. #1115

NEW! Scents and Sense-ability

For 10 groups. The objective of this experiment is for students to understand 
that olfactory receptors respond to smells and transmit them as signals to 
the brain. Students will also be able to understand the principles of thin layer 
chromatography and how they apply to separation of olfactory compounds. 
Cat. #1100

Quantitative ELISA

For 6 groups. Now with NEW substrate! Antibodies 
are highly specific in their recognition of antigens. 
This ELISA experiment demonstrates the quantita-
tion of varying concentrations of viral antigens as 
detected by the intensity of the color reaction due to the accumulation of products. This 
laboratory activity meets the requirements in the BSCS Blue Biology curriculum.
Cat. #278
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Related Products

White Light LED
Transilluminator
Cat# 552

M12 Complete™
Electrophoresis Package
For 1 or 2 Lab Groups
Cat# 502-504

M36 HexaGel™ 
For 1 to 6 Lab Groups
Cat# 515

DuoSource™ 150
75/150 V, for 1 or 2 Units
Cat# 509

QuadraSource™
10-300 V, for 1 or 4 Units 
Cat# 5010

NEW! EdvoCycler™ 2 
The sequel to the bestselling EdvoCycler™ has been fully re-imagined 
to offer the classroom advanced PCR functionality at the lowest 
sample price. At 48 wells, the EdvoCycler™ 2 doubles the capacity of 
the original machine and offers faster performance and ease-of-use 
in a sleek new form factor with a vivid touchscreen display. Proudly 
made in the USA and backed by a 2 year warranty! 
Cat# 541-542

TruBlu™ Blue Light
Transilluminator
Cat# 557

EDVOTEK® Variable 
Micropipette 
5-50 µL Micropipette 
Cat. # 590




