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Teacher’s Section 
Science Background 
 

The synthesis of proteins in a cell is facilitated by ribosomes.  While protein synthesis is occurring, 
polypeptide chains get trafficked to a sub-cellular location; localization is typically dictated by signal 
sequences in the primary structure.  The ribosomes regularly dock on the endoplasmic reticulum and 
synthesize the polypeptide chain through the membrane of the ER.  This allows for folding and modification of 
the polypeptide to occur.  Once the protein is properly folded and completely synthesized it is moved from the 
ER to another subcellular compartment or out of the cell via transfer vesicles.  If the protein is intended for 
export from the cell, it typically moves from the ER to the Golgi apparatus where further modifications take 
place.  The proper trafficking of proteins is vital for functioning.  Several diseases including, ALS, retinitis 
pigmentosa and Wilson disease have been associated with protein mis-localization within the cell.1 The mis-
localization that occurs in these diseases have been associated with mutations in signal sequences as well as 
improper folding and association with cargo proteins.   Similarly, to these errors in the nervous and excretory 
system the immune system can suffer if important proteins are not properly localized.   

The immune system is a complex combination of cells and organs that respond to pathogen invasion in 
order to prevent illness in the body.  The immune system of humans contains both a non-specific immune 
response (innate) and a specific immune response (adaptive).  The innate response occurs quickly and 
protects the body from many different pathogens by using a combination of physical barriers and phagocytic 
cells.  The adaptive response is developed for a particular pathogen/antigen and is slower to begin.  The 
development of this specific response depends greatly on the production of proteins inside antigen 
presenting cells and lymphocytes.     
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Time Requirements 
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Student Prior Knowledge and Skills 

1 Students should have a solid understanding of protein synthesis, protein structure, and the organelles 
of the cell.    

2 It would be beneficial if students are familiar with the concept of centrifugation and gel 
electrophoresis.  

3 Students should know how to use a micropipette to transfer volume, or an introductory lesson will be 
required.    
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1 Day 1-3: Protein Trafficking Exploration 
2 Day 4: The Who, What, Why, Where, When and How of the Immune System 
3 Day 5: Pre-lab Procedure Introduction 
4 Day 6-10: Experimental Analysis of MHC Trafficking 
5 Day 11: Analysis and Reflection  
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1. Students will create a model of protein trafficking to compare the secretory pathway versus the 
endosome pathway.  The model will be assessment based on the accurate representation of necessary 
cellular compartments and the effectiveness of the group’s presentation of the model.   

2.  Students should demonstrate their understanding of western blotting and cell fractionation prior to 
performing the wet lab.  This can be done in the format of a quick quiz or exit ticket.   

3. Students should demonstrate their understanding of the immune system by creating a flow chart after 
hearing an introduction using “The Who, What, Why, When, Where, and How of the Immune System” 
PPT.   

 
Summative Assessment 

1 Students will compose a lab report synthesizing the information they learned throughout the unit and 
analyzing the data that they have collected.  The lab report will include a self-generated diagram that 
displays MHC Class I and Class II trafficking through the cell.    

! !
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An Overview of Protein Trafficking 
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The second step of cell fractionation typically includes equilibrium density-gradient centrifugation.   
 
What physical property do you think this method is based on?___________________________________ 
 
In order to carry out this process, the impure organelle fraction from differential centrifugation is placed on top 
of a gradient of sucrose or glycerol.  The tube is then spun at high speeds for several hours until each organelle 
migrates to equilibrium.  Equilibrium is reached when the density of the organelle matches the density of the 
sucrose gradient, as seen in the image to the right.   
 

The endoplasmic reticulum has a density of 1.20 g/cm3 and the plasma membrane has a density of 1.12 
g/cm3.  Include arrows to show where these organelles would appear after centrifugation.   
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Major Histocompatibility Complex (MHC) proteins are human cell surface proteins vital for the 
presentation of antigen (protein on the surface of an invader) and initiation of a specific immune response.  
MHC proteins are divided into two classes based on their structure, MHC Class I and MHC Class II.  The 
two different protein classes are recognized by different immune cells which allows for a slightly different 
immune response.  This is beneficial because certain immune cells are better for fighting bacteria, while 
others are better for fighting viruses.   

 

It was experimentally determined that MHC Class I and Class II move through cell differently.  In this 
lab activity you will carry out a western blot of cell fractionation extracts to determine the likely pathway 
followed by each of these proteins.   

 

In order to accurately analyze the gel, we run, you will need to use marker proteins to verify that each 
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Part B: Blotting onto a Nitrocellulose Membrane 
 

While the gel is running:  
 

12. Soak membrane (one per gel) in methanol for 2-3 minutes 
13. Soak mesh pads and 6 pieces of filter paper in cold SDS transfer buffer (stored at 4°C) 
14. Set up antibody dilutions in blocking solution: (each group will be responsible for one dilution) 

a. Anti-Calreticulin= 1:1000 
b. Anti-GM-130 = 1:400 
c. Anti-MHC I = 1:5,000 
d. Anti-MHC II = 1:5 

15. Fill the gel cartridge 
a. Lay down the black side of the cassette 
b. Place in one mesh pad 
c. Lay down 3 pieces of filter paper 
d. Lay down nitrocellulose membrane (make sure there are no bubbles) 
e. Remove gel from running apparatus and lay on top of the membrane 
f. Lay down 3 pieces of filter paper 
g. Place in one mesh pad 
h. Close gel cartridge with sliding clamp 
i. Repeat this process for second gel 

16. Slide gel cartridge into transfer apparatus with black side towards red electrode 
17. Place ice pack in apparatus 
18. Fill apparatus with cold transfer buffer 
19. Run at 100V for 35 minutes 

 

Part C: Detect proteins 
 

20. Remove membrane from transfer apparatus and place in blocking solution on rocker for 30 minutes 
21.  Cut the membrane into 5 sections, each containing a MW marker and the four extracts. 
22. Incubate each section of membrane with a different antibody overnight at 4°C 
23. Pour off antibody and wash each membrane 3x with PBS Tween 
24. While washing, dilute the anti-rabbit HRP secondary to 1:2000 in blocking solution 
25. Incubate each membrane at room temperature for 1 hour in secondary antibody 
26. Pour off antibody 
27. Wash three times with PBS Tween 

 

Part D: Develop Image 
 

28. Dilute the Amplified Opti-4CN Substrate according to directions in kit 
29. Develop membranes in Amplified Opti-4CN Substrate for 30 minutes on rocker 
30. Reassemble membranes and take picture   
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Analysis (Please type following)
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Category Total Points Points Earned & Comments 
Introduction 

• Start with the purpose of the lab 
• Provides background needed to 

understand results (see above) 
• Clear and concise; one topic 

flows into the next 

15 

 

Procedure 
• Written in paragraph form (NO 

STEPS) 
• Describes all procedures 

performed 
• Bolded materials 
• Contains sufficient detail to allow 

a reader who works in the field 
to understand what you did to 
collect data 

10 

 

Results 
• Written description of results 
• Properly labeled membrane 

image 

15 
 

Discussion 
• Refers to specific data 

points/figures (incorporates the 
images that outline MHC 
movement) 

• Includes interpretation of results 
(see above) 

• Includes explanations of 
unexpected results (if applicable) 

• Includes potential next steps 
• Summary statement 
• One topic flows to the next 

20 

 

Works Cited 
• Includes all sources consulted 
• Aligned with in text citations 

5 
 

Formatting & Conventions 
• Each section is labeled 
• Written in past tense 
• Few grammar and spelling 

mistakes 
• Document is properly titled when 

uploaded to Google Drive 

5 

 

Total Points: ________/70 
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4. What might be present in the cytoplasmic “tail” of this protein?  
__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________  

5. What does the red “blob” in the endosome represent? ____________________________ 
 

6. How did this red “blob” enter the cell? _____________________________________ 
 

7. When an endosome and a Golgi vesicle containing MHC Class II merge they are referred to as MIIC (MHC 
Class II Compartment).  Explain what is happening in this compartment.   

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________ 

8. Where does MHC Class II go after the MIIC? _________________________________ 
 

9. What will happen in the body if MHC Class II is presenting a bacterial/viral peptide?  
__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________ 

10. 


