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• Replicate DNA 
• Transcribe DNA 
• Translate mRNA  on a Ribosome  
• Damage DNA and Repair DNA  
• Cause a Mutation to Happen 
• Simulate a Biotech Procedure 

 
 

 

 
What is Unique about the MIT models? 

 • The MIT models were designed for “acting out“  
       or simulating the cell’s molecular processes! 
 
• Mind and hand work together to learn what  
      molecules can do.   

Presenter
Presentation Notes
 Unlike other molecular DNA models that you build once using precise instructions and  then save a statue,   the MIT models are design for manipulation and discovery!



 
 
 

DNA is a  
Very  

 Glamorous 
 ”Rock Star”    
  Molecule!  

 
 

Presenter
Presentation Notes
Before I describe proteins…  I want to let you know know what usually happens when people can hold some DNA in their hands.  PHOTOS   cell photo cameras…  !! People can you usually draw DNA ….   a twisted ladder. …  if you asked them to draw it ?   What if you asked them to draw a protein??    Hopeless! 
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A 
Protein is  

a  
Very  

  Humble, 
And   

Hard-Working  
Molecule!  

 
 

Presenter
Presentation Notes
 Proteins do all the work inside the body!   DNA gets all the attention.  



Where can you find proteins in the body ? 

Keratin is a protein.               Actin and myosin are proteins.    

Cells  Cells  

© The LEGO Group and MIT    All rights reserved 5 

Presenter
Presentation Notes
In hair,  in the cells making hair  Keratin In muscle,  inside  the muscle cells  there are strands of proteins,  called  



 Look at a Red Blood Cell  -- Close up! 

Blood Liquid  

David  S. Goodsell  

Cut through        the red blood cell           Cell membrane 

Proteins are the worker molecules! 

Figure by David Goodsell 



7 

Protein Molecules Are Inside the Cell   

Proteins are the worker molecules! 

Presenter
Presentation Notes
Very small  
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Learning from 
Models.  

What do you  
notice  
about  

this model?  
 

And I’ll tell you  
how it is like a  

real protein 
molecule.  

 
 
 
 
 

Presenter
Presentation Notes
 Proteins do all the work inside the body!   DNA gets all the attention.  
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1) A flexible chain that can be 
folded up in different ways. 
Real proteins are flexible, 
foldable chains! 
 
2)Repeating parts. Real 
proteins have subunits. The 
subunits or repeating parts 
are called amino acids.  
 
3) Colors. Real proteins have 4 
different kinds or groups of 
amino acids.  The groups are 
indicated by the 4 different 
colors.  
 
4) The middle part is variable 
in shape.  In a real protein, 
each amino acid has its own 
shape.     
 

 
 
 
 

Students can learn key 
 features about proteins:  

Presenter
Presentation Notes
 Proteins do all the work inside the body!   DNA gets all the attention.  



Let’s get ready to build  
and fold Proteins! 

Teams receive kits + 2 layout mats.   Clear the tables!  
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Kit Check time!   Layout mats make it easy. 

What  color are hydrophobic LEGO amino acids? 
 This is the color of butter,  salad oil, chicken fat….   Things that are hydrophobic!   

11 

Look at the label inside the kit  
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How are proteins 
put together? 

amino acid 
 

Presenter
Presentation Notes
Proteins are made from smaller  molecules call amino acids.  
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How are proteins 
put together? 

amino acid 
 

Presenter
Presentation Notes
Proteins are made from smaller  molecules call amino acids.  
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How are proteins 
put together? 

amino acid 
 

Presenter
Presentation Notes
 notice the variation in the side chains here !



How are proteins put together? 

Yellow =  Hydrophobic  (Afraid of water)      

Side chains can move!  

Presenter
Presentation Notes
Let’s see how Kathy designed the LEGO The biologists like that I have made the shapes like the chemistry !



How are proteins put together? 

Other Colors (not yellow =  Hydrophilic  (love water!)      

Side chains can move!  
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Disconnecting amino acids is easy  
 

 
 

                  Instructor shows how to correctly pull them apart.  

1) Hold the large flat bricks of the side chain.   
2) Pull.   

    Important!    Watch  Demonstration on how to connect and disconnect   

Connecting amino acids is easy  
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Could millions of different proteins be made?  

1) Connect any 4 amino acids together  
 
2) Keep the amino end (black brick end) to the left. 
    This rule helps keep them in order.  
 
3) When asked, hold up your protein so everyone can see it.  

 
4) How many people made the same protein?  Compare #1-2-3-4 

Class Experiment #1      Each person should build a chain.  
 

 Make a prediction:   Yes or No?     Then the class tries it!  

Which amino acid is #1?   The amino acid with the Free black end is #1!  

1 
              Protein chains always have two ends.    No circles - please! 
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Watch Instructor Demo!   
Instructor eats and rebuilds muscle from the same amino acids. 

Proteins?  Most people think of food.…. 

Where can you find proteins? 
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Presenter
Presentation Notes
    Show theLEGO molecules   Proteins get digested into smaller molecules  called amino acids.  AMINO ACIDS is a technical word  



Team Building Task #1.   Build this practice protein together.      See page 13.   

 Keep the black ends to the left.   Show your instructor your folded chain!  

22 



23 

 Cartoon Drawing to Review the Cell   

Presenter
Presentation Notes
 Proteins are inside the cells  Just to remind you.  



We are going to build a LEGO channel protein next.    See how the proteins work?   

24 Show model of membrane  



Here is a finished LEGO channel protein.  

25 



 Listen for which chain your team should build.   Is it an alpha or beta chain? 

26 



Follow the steps.  

27 
Bring up front to membrane 



 Now the photo is correct .  Why? 

The previous picture  ( p 29) was incorrect! 

28 



The order of the amino acid is super important!     

29 
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Review of Protein Structure   
In this lesson you have experienced all four levels: 
 
1) Primary structure– the order of the amino acids  
2) Secondary structure –the  folding of the chains into a helix or a 

beta pleated sheet. These structures are stabilized by hydrogen 
bonds.  

3) Tertiary structure –the folding of the chains governed by 
hydrophobic or hydrophilic  interactions.  

4) Quaternary  structure--  protein chains associating with other 
chains.   

     
 
The Star BioChem computer activity requires a working knowledge of these four levels. 
  
 

   
 Summary slide of key concepts for proteins is next….. 
 

Later   
We will rebuild the same channel proteins using only the instructions in DNA.     
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Summary  of the Key Concepts for Proteins   
 
Protein structure and function  
• Proteins are made from subunits called amino acids. 
• The amino acids form long chains that fold up into different working shapes 

to perform their functions.   
 
Proteins and Mendelian terms    
•    Genes code for proteins.  The protein is the “trait” on the molecular level.  
• Genes coding for non-functional proteins can appear as “recessive traits.”     

For example. The cystic fibrosis gene makes a defective membrane protein.  
Thus it is called recessive.   
 

************************ 
Coding for Proteins     (Next section of the workshop)  
• The order of the DNA nucleotides determines the order of the the amino 

acids in the protein.  
• Every three nucleotides codes for a particular amino acid (or indicates a stop 

signal).  
• Changes in the DNA can cause changes in a protein’s shape and function.   

 
 

 
 

 



 OPEN Project time ?    Some options below     
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1) Page 16- 18 protein folding    
Build a helix –  a common protein fold.                                                          
 
2) Page 19  Protein and food overview  
 
3) Page 20 – 23 building instructions:  
 Start with egg proteins and covert them into your own 
human muscle proteins.   
 

We have an Advanced Protein Topics Booklet coming soon!  



Biology teachers report they utilize protein 
models in teaching human body topics such as:  
 
• Circulation,  
• Respiration,  
• Muscles,  
• Immune system,  
• Endocrine system (peptides)  
• Liver cell function in metabolizing 

toxins/drugs  
 



 DNA 
Is Next!   
 
 
MOVING ON…..  
No more   
LEGO Prototype Models… 
 
Why?  This was not scalable!  



Creating LEGO School Sets 

Presenter
Presentation Notes
People Making a Difference®    Non- profit corporation , directed by  Lori Tsuruda,  MIT alumJan 2011- March 2011  more than 1000  man hours of effort! TASK description:   ( 22 classroom sets- 10 for BPS ) Order  440, 000  LEGO  pieces ( ~ half million LEGO components!)Estimate work hours to build the DNA, Protein and tRNA kits  140 hours per classroom set  Create the INSTRUCTIONS FOR BUILDING all LEGO molecules Organize and recruit volunteers  Host LEGO building events at different sites, on and off campusCorporate  volunteer events  during the work day MIT 150th celebration community volunteering –Bush Room Track LEGO production of individual molecules (e.g. Nucleotides)  Re-associate all LEGO molecules into the correct classroom sets  



Creating LEGO School Sets 



Creating LEGO School Sets 



Creating LEGO School Sets 



• DNA is next…  

Break Time! 



 
Key Concepts about DNA 

 
1. DNA is a polymer made from subunits called nucleotides.  
2. Nucleotides can pair with one another. One side of the double strand determines 

the other. Because of this base pairing, DNA can be copied easily.  (AT) (CG) 
3. DNA separates easily into two strands. They rejoin easily too.  
4. DNA replicates in a “semi-conservative” manner. (One side will be  new.  The 

other side is the original and it is used as the template.)   
5. DNA forms very long molecules! 

 

The models were designed for 
“acting out“ or simulating the 
cell’s molecular processes and 
conveying the key concepts. 
 
 

 
What is Unique about the models? 

 

Presenter
Presentation Notes
 Unlike other molecular DNA models that you build once using precise instructions and  then save a statue,   the MIT models are design for manipulation and discovery!



  
 

  DNA  

        1)  Look at the model    
  Why is DNA called “the double helix?” 
 
   2) See how the 2 strands look like backbones?    
                          “Sugar + phosphate” = sugar phosphate backbone 
 
               3) See any repeating parts?   Nucleotides    
                   These small molecules are found in the nucleus. 
          “Nucleotides are in the nucleus”. Easy to remember!     
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 Demonstrate  the structure of DNA with the model  

41 



  
 

  DNA opens up in the middle!  
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 Demonstrate  the structure of  DNA  with  teacher model  

Demonstrate how DNA can unzip!  
 
REASON– The nucleotides are held together  
               in the middle by very weak bonds.  
 
The two strands are held together by hydrogen bonds.   
                
Hydrogen bonds are 1/10th the strength of other bonds.   
 
 

42 



  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

How are Proteins built? 
 
 

Channel Protein (Red) 
Materials go in and out of cell  
through the channel proteins.  

Cell  
Membrane 

Outside  
Of the cell 

Inside of the cell  

Cell membrane  

Presenter
Presentation Notes
 Cells must build proteins not by reading code books, but by mechanical methods!    Here we will watch and see how a cell will make a new channel protein.    This channel protein is an important part of the cell.  



 
How are Proteins built? 

 Nucleus 
Instructions 
Step 1 

Channel Protein (Red) 
Materials go in and out of cell  
through the channel proteins.  

Cell  
Membrane 

Outside  
Of the cell 

Inside of the cell  

Cell membrane  

Presenter
Presentation Notes
 The nucleus has the DNA instructions for making the channel protein.   However the DNA is locked up in the nucleus and can’t get out. 



 
How are Proteins built? 

 

Channel Protein (Red) 
Materials go in and out of cell  
through the channel proteins.  

Cell  
Membrane 

Outside  
Of the cell 

Inside of the cell  

Cell membrane  

Ribosome 
Factories 
Step 2 

Presenter
Presentation Notes
 The solution is to create a copy of the DNA instructions.   And then the cell will send the copy  ( messenger )  out to the Ribosomes (Factories) 



 
How are Proteins built? 

 Nucleus 
Instructions 
Step 1 

Channel Protein (Red) 
Materials go in and out of cell  
through the channel proteins.  

Cell  
Membrane 

Outside  
Of the cell 

Inside of the cell  

Cell membrane  

Ribosome 
Factories 
Step 2 

Presenter
Presentation Notes
 The Ribosome  has the equipment for making proteins.  



 
How are Proteins built? 

 Nucleus 
Instructions 
Step 1 

Channel Protein (Red) 
Materials go in and out of cell  
through the channel proteins.  

Cell  
Membrane 

Outside  
Of the cell 

Inside of the cell  

Cell membrane  

Ribosome 
Factories 
Step 2 

Copy of the  
Instructions 
(message) 
 

Presenter
Presentation Notes
 The solution is to create a copy of the DNA instructions.   And then the cell will send the copy  ( messenger )  out to the Ribosomes (Factories) 



transcription 






Model a genetic disease: cystic fibrosis 

Top down view of a channel protein  
in the cell membrane   

Alpha helices 

Presenter
Presentation Notes
This was a little bit too much to explain for the general audience ….Dominant and recessive traits are created by proteins that work and do not work.  
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Key Concepts – Summary  
 
Protein structure and function  
• Proteins are made from subunits called amino acids. 
• The amino acids form long chains that fold up into different working shapes 

to perform their functions.   
 
DNA codes for Proteins   
• The order of the DNA nucleotides determines the order of the the amino 

acids in the protein.  
• Every three nucleotides codes for a particular amino acid (or indicates a 

stop signal).  
• Changes in the DNA can cause changes in a protein’s shape and function.   

 
Proteins and Mendelian terms    
•    Genes code for proteins.  The protein is the “trait” on the molecular level.  
• Genes coding for non-functional proteins can appear as “recessive traits.”     

For example. The cystic fibrosis gene makes a defective membrane protein.  
Thus it is called recessive.   

 
 
 

 



THE END  



Molecular Biology Learners-Video 



Transcription- creating a messenger RNA  

 

How are Proteins built? 
 

Step 1.   DNA cannot leave the nucleus.  Copy the DNA code to get a message out.      



Translation-creating a protein chain from mRNA   

 

How are Proteins built? 
 

Step 2.  The DNA copy now directs the manufacturing of proteins on the ribosomes.  



3. Gene Variants 



Key term:  
Gene variant - one of two or more versions of a gene  
CYP - (Cytochrome P450) enzymes important for drug metabolism 



Key terms:  
Gene - a piece of DNA that contains the information for coding one protein 
Allele - one of two or more versions of a gene (Allele = gene variant) 



Key terms:  
Homozygous - having two identical alleles (gene variants) 
Heterozygous - having two different alleles (gene variants) 



Key term:  
SNP – (single nucleotide polymorphism) a single base pair difference in a DNA sequence 
CYP -  (Cytochrome P450) enzymes important for drug metabolism 
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