

Main Question: How do genes produce proteins?

· The genome can be compared to a “book of life” containing the recipe for about 30,000 genes.

· When “cooked,” these recipes produce proteins.

· The process of protein synthesis, in which the DNA sequence of a gene is translated into a protein, will be modeled as an analogy to baking cookies.

People often compare a gene to a recipe. A recipe contains the instructions for preparing a specific dish. A gene contains the instructions for making a specific protein. In this lab, we’ll pretend the genome – all the genetic information in a cell – is a recipe book.


Imagine that the genome is a giant book with about 30,000 recipes, and each gene is one specific recipe. Nothing happens if the book just stays on the shelf. A cell (the cook) must open the book to a specific recipe and start following the instructions.


Each cell gets a complete recipe book (genome) regardless of what tissue or organ it belongs to. Likewise, just as the genome is the cookbook, the proteome is the complete selection of proteins an organism can produce, much like all the dishes you can make from that cookbook. However, depending on the cell’s job, the cell activates only some of the proteins. For example, the liver processes toxins found in our bodies. So, liver cells produce different proteins than skin cells, which protect us from the outside world.

Revised Recipes and Diverse Dishes:

Occasionally, a recipe in the genome book might have a misprint in it. Most of the time, a misprint doesn’t affect the final dish at all, but sometimes it changes the way a dish will look or taste. Those changes can be good (like adding chocolate chips to plain cookies) or bad (like substituting broccoli for sugar).  These misprints are caused when some DNA bases (adenine, cytosine, guanine, and thymine) are changed, added, or deleted. The human genome contains so many potential variations that it is jokingly said that each of us is a mutant. Most mutations have no physical impact on an organism. In other words, most genotype (chemical) changes cause no phenotype (physical) changes. Even when they do, most phenotype changes create variations not associated with diseases or disorders. Rather, most phenotype differences simply make us interesting and unique individuals. A common misconception about the word mutation is that it implies some monstrous or bad change, but in reality, mutations are the spice of life and the driving force of a species’ ability to survive. Only a small fraction of mutations leads to diseases and disorders

1. Cells begin to make proteins when they get a signal (from within the cell or from outside factors). These signals tell the cell it needs to produce a particular protein. You (the cell) are going to make a particular “protein”. You have been sent a message (you have the “hungries”) and can now begin to produce your protein.

2. RNA polymerase needs to start at the correct gene. Your lab group will be assigned a gene. Go to the nucleus and locate your gene.

3. Transcribe your gene.

4. The mRNA chain goes to the lab station in the cytoplasm.

5. Translate your mRNA. For each triplet, the tRNA (with the complementary anticodon) brings the listed ingredient. The ribosome and tRNA will work together to mix the ingredients

*Adapted from “Your World, Biotechnology and You”, Volume 12, Issue No. 2, p. 4-5, c. 2003

mRNA Code Sheet:

	1st Base
	
	
	
	
	3rd Base

	
	U
	C
	A
	G
	

	U
	UUU

Boil for 1 minute
	UCU

Remove from heat
	UAU

Clean up materials
	UGU

In large microwave-safe bowl
	U

	U
	UUC

Stir in ½ t vanilla
	UCC

Drop onto wax paper
	UAC

In a medium saucepan
	UGC

Add 4 drops blue food coloring
	C

	U
	UUA

Remove from heat 
	UCA

1 cup orange juice
	UAA

Stir after 2 minutes
	UGA

Melt 2T margarine
	A

	U
	UUG

Add 2 cups of marshmallows
	UCG

Mix 1 cup sugar
	UAG

STOP
	UGG

Add 1 ½ cup quick oats
	G

	C
	CUU

Drop by spoonfuls
	CCU

1 cup sugar
	CAU

Add 3 cups Lucky Charms
	CGU

¼ cup salt
	U

	C
	CUC

Stir constantly
	CCC

Biology
	CAC

Cut into squares when cool
	CGC

Cook over medium heat until bubbly
	C

	C
	CUA

Mix in ½ cups quick oats
	CCA

Stir until smooth
	CAA

Bring to a boil over medium heat
	CGA

Microwave on HIGH for 3 minutes
	A

	C
	CUG

Press mixture 

between 2 sheets

	CCG

is
	CAG

Combine
	CGG

Add 3 cups Rice Krispies
	G

	A
	AUU

Let cookies cool
	ACU

Heat 2 T margarine
	AAU

Eat the cookies!
	AGU

Onto waxed paper
	U

	A
	AUC

Stir until well coated
	ACC

Stir in 1 t vanilla
	AAC

4 T margarine
	AGC

¼ cup milk
	C

	A
	AUA

2 cups bananas
	ACA

Over low heat
	AAA

And lab area
	AGA

¼ cup milk
	A

	A
	AUG

START
	ACG

2 T peanut butter
	AAG

And 2 cups marshmallows
	AGG

Let cool
	G

	G
	GUU

2 cups marshmallows
	GCU

Cook (boil) for 1 minute
	GAU

And
	GGU

And ½ stick butter
	U

	G
	GUC

3 eggs
	GCC

1 T cocoa
	GAC

In large saucepan
	GGC

4 T margarine
	C

	G
	GUA

Add ½ cup mini chocolate chips
	GCA

Enjoy your “protein”
	GAA

Bake for 35 minutes
	GGA

Using wax paper
	A

	G
	GUG

Stir until completely melted
	GCG

2 T cocoa
	GAG

Add 3 cups Cocoa crispies
	GGG

Clean up materials and lab table
	G


Analysis Sheet

Directions: Answer the following in complete sentences in your notebook. 

1. How is a recipe like a gene?

2. Evaluate the order of your protein.  Now check the “other” proteins in the class.  Are their differences in the sequence of amino acids?  Explain.  
3. Using the information from question #2, are there differences in the DNA sequences for the differing proteins?  Explain.  
4. What are the two processes involved in “decoding” DNA into proteins? Where does each process occur?

5. What is a mutation? What causes mutations?

6. Describe the possible outcomes from the 2 main types of mutations. (The answer is NOT frameshift and point mutations).

7. Contrast frameshift and point mutations. Hypothesize which would (generally) have the most severe consequences.

8. What is the effect of most mutations?

9. What does the recipe instructions represent in this activity? Explain.

10. In this activity, what represents the ribosome? Explain. 

11. Why did you have to transcribe the recipe into mRNA at the back lab table, not at your lab station?

12. Decode and contrast the 2 recipe codes listed below. How are they different? What type of mutation is this?

3' TACATGGTCGGATCGCGGCCAGTTGAGCGAAGAAAGTGCACCTAGGAATCATAACCCTTAATC 5'
3' TACATGGTCGGATCGCGGCCAGTTGAGCGAAGAAAGTCACCTAGGAATCATAACCCTTAATC 5'

Recipe codes KEY

	1.DNA
	TAC
	CTG
	TGA
	AAC
	CAC
	AAT
	GCC
	TAG
	CCT
	GAC
	GTG
	ATA
	TTT
	CGT
	ATC

	mRNA
	ATG
	GAC
	ACU
	UUG
	GUG
	UUA
	CGG
	AUC
	GGA
	CUG
	CAC
	UAU
	AAA
	GCA
	UAG

	tRNA
	UAC
	CUG
	UGA
	AAC
	CAC
	AAU
	GCC
	UAG
	CCU
	GAC
	GTG
	AUA
	UUU
	CGU
	AUC

	recipe
	Start
	In large saucepan
	Heat 2T margarine
	Add 2 cups marshmallows
	Stir until completely melted
	Remove from heat
	Add 3 cups rice crispies
	Stir until well coated
	Using wax paper
	Press mixture between 

two sheets
	Cut  into squares when cool
	Clean up materials 
	And lab area
	Enjoy your “protein”
	stop


	2.DNA
	TAC
	CTG
	TGA
	CAA
	CAC
	AAT
	GCC
	TAG
	CCT
	GAC
	GTG
	ATA
	TTT
	CGT
	ATC

	mRNA
	
	
	
	GUU
	
	
	
	
	
	
	
	
	
	
	

	tRNA
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	recipe
	Start
	In large saucepan
	Heat 2T margarine
	Add 2 cups marshmallows
	Stir until completely melted
	Remove from heat
	Add 3 cups rice crispies
	Stir until well coated
	Using wax paper
	Press mixture between 

two sheets
	Cut  into squares when cool
	Clean up materials 
	And lab area
	Enjoy your “protein”
	stop


	3.DNA
	TAC
	CTG
	TGA
	AAC
	CAC
	AAT
	GTA
	TAG
	CCT
	GAC
	GTG
	ATA
	TTT
	CGT
	ATC

	mRNA
	
	
	
	
	
	
	CAU
	
	
	
	
	
	
	
	

	tRNA
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	recipe
	Start
	In large saucepan
	Heat 2T margarine
	Add 2 cups marshmallows
	Stir until completely melted
	Remove from heat
	Add 3 cups  lucky charms
	Stir until well coated
	Using wax paper
	 Press mixture between 

two sheets
	Cut  into squares when cool
	Clean up materials 
	And lab area
	Enjoy your “protein”
	stop


	4.DNA
	TAC
	CTG
	TGA
	AAC
	CAC
	AAT
	CTC
	TAG
	CCT
	GAC
	GTG
	ATA
	TTT
	CGT
	ATC

	mRNA
	
	
	
	
	
	
	GAG
	
	
	
	
	
	
	
	

	tRNA
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	recipe
	Start
	In large saucepan
	Heat 2T margarine
	Add 2 cups marshmallows
	Stir until completely melted
	Remove from heat
	Add 3 cups cocoa crispies
	Stir until well coated
	Using wax paper
	Press mixture between 

two sheets
	Cut  into squares when cool
	Clean up materials 
	And lab area
	Enjoy your “protein”
	stop


	5.DNA
	TAC
	CTG
	TGA
	AAC
	CAC
	AAT
	GCC
	CAT
	TAG
	CCT
	GAC
	GTG
	ATA
	TTT
	CGT
	ATC

	mRNA
	
	
	
	
	
	
	
	GUA
	
	
	
	
	
	
	
	

	tRNA
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	recipe
	Start
	In large saucepan
	Heat 2T margarine
	Add 2 cups marshmallows
	Stir until completely melted
	Remove from heat
	Add 3 cups rice crispies
	Add ½ cup chocolate chips
	Stir until well coated
	Using wax paper
	Press mixture between 

two sheets
	Cut  into squareswhen cool
	Clean up materials 
	And lab area
	Enjoy your “protein”
	stop


	6.DNA
	TAC
	CTG
	TGA
	AAC
	CAC
	AAT
	GCC
	ACG
	TAG
	CCT
	GAC
	GTG
	ATA
	TTT
	CGT
	ATC

	mRNA
	
	
	
	
	
	
	
	UGC
	
	
	
	
	
	
	
	

	tRNA
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	recipe
	Start
	In large saucepan
	Heat 2T margarine
	Add 2 cups marshmallows
	Stir until completely melted
	Remove from heat
	Add 3 cups rice crispies
	Add 4 drops blue food coloring
	Stir until well coated
	Using wax paper
	Press mixture between 

two sheets 
	Cut  into squareswhen cool
	Clean up materials 
	And lab area
	Enjoy your “protein”
	stop


	mRNA
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	tRNA
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Amino
 Acid
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	recipe (summarize)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


	mRNA
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	tRNA
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Amino

Acid
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	recipe (summarize)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


	DNA
	3'TAC
	CTG
	TGA
	AAC
	CAC
	AAT
	GCC
	TAG
	CCT
	GAC
	GTG
	ATA
	TTT
	CGT
	ATC


	DNA
	3'TAC
	CTG
	TGA
	CAA
	CAC
	AAT
	GCC
	TAG
	CCT
	GAC
	GTG
	ATA
	TTT
	CGT
	ATC


	DNA
	3'TAC
	CTG
	TGA
	AAC
	CAC
	AAT
	GTA
	TAG
	CCT
	GAC
	GTG
	ATA
	TTT
	CGT
	ATC


	DNA
	3'TAC
	CTG
	TGA
	AAC
	CAC
	AAT
	CTC
	TAG
	CCT
	GAC
	GTG
	ATA
	TTT
	CGT
	ATC


	DNA
	3'TAC
	CTG
	TGA
	AAC
	CAC
	AAT
	GCC
	CAT
	TAG
	CCT
	GAC
	GTG
	ATA
	TTT
	CGT
	ATC


	DNA
	3’TAC
	CTG
	TGA
	AAC
	CAC
	AAT
	GCC
	ACG
	TAG
	CCT
	GAC
	GTG
	ATA
	TTT
	CGT
	ATC


2nd Base




















U























C

















A

















G








