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· 1d. Cell Biology.  Students know the central dogma of molecular biology outlines the flow of information from transcription of ribonucleic acid (RNA) in the nucleus to translation of proteins on ribosomes in the cytoplasm.
Estimated Time: 50-100 min (1 class period).

Purpose:
The purpose of this activity is to demonstrate to the biology student that the cell is not a static object.  Students will know how the genetic code is decoded by the molecular machinery of the cell.  They should see the “big picture” of protein synthesis.  The molecular machinery of the cell is remarkably complex.  Hopefully students will appreciate the inter-workings of these biological molecules.

Objectives:
1. Students will act out the steps of Central Dogma, with a focus on DNA transcription, mRNA translation.  

2. Students will know how to translate the genetic code.  

3. The students will be able to demonstrate a working knowledge of the Central Dogma, from DNA transcription to protein synthesis through active participation in a cooperative group.  

Terminology – DNA, mRNA, tRNA, transcription, translation (as it pertains to the Central Dogma), amino acids, ribosome.

Curriculum Sequence:
This lesson can be used either as an introductory lesson into DNA and Central Dogma or as an activity that reinforces a Central Dogma lecture. It would help if students knew the major mammalian cell organelles.

Lesson Procedure

1.  Guided Inquiry To Introduce the Lesson:
Anticipatory Set: Several questions should be asked to help the students start thinking about protein synthesis including transcription and translation.  If you are using this lesson as an introduction to DNA, ask your students,

“How does the genetic code get out of the nucleus?”  Students should understand that DNA never leaves the nucleus, but somehow, the genetic code inside the DNA must get out of this membrane-bound organelle so protein can be synthesized in the ribosome.  Guide students into this inquiry by having students propose different mechanisms of how the genetic code gets out of the nucleus into the cytoplasm.  Hopefully, someone will suggest that a molecule, must transcribe the genetic message from DNA, inside the nucleus and take it outside into the cytoplasm (mRNA).  A skill you can introduce at this point, if it hasn’t been taught yet, is how to decode the genetic code.

2.  Once you get students to this point, you have the option of showing the slide below (provide as separate PowerPoint Slide):

[image: image1.wmf]
Key:

1. DNA = the encyclopedia

2. mRNA = the messenger boy

3. amino acids = the building blocks

4. ribosome = the factory

5. tRNA = the FedEx truck

6. protein = the steak

Symbols that describe the function of biological molecules may help students remember them better.  This is optional, but it may give students a concrete understanding of a complicated biological process.

3. Implement the activity!  Just follow the student handout; (separate document).

Lesson Exercise Overview:

Divide the class into four teams:

1. TEAM DNA

2. TEAM mRNA

3. TEAM tRNA

4. TEAM amino acid

Each team’s instructions are clearly laid out for them in the procedures following.  Simply give them time to figure out how they will interact with the other teams to act out central dogma.

Teacher’s Tips 

1. High school students are very wary to touch each other.  For TEAM DNA, perhaps you can suggest minimal contact ideas to represent phosphate bonds.

2. It may be helpful to assign team captains.  Students have a tendency to just sit around if someone is not leading them.

3. It might be a good idea to break things up.  Perhaps have one day transcription and one day translation.  For some students, there is too much going on!  Could be hectic depending on your students.

4. If students acted out DNA replication in a previous lesson, that might give them a good starting point for this lesson.  They can use the same DNA actions for transcription.  This will give the whole class a reference point for this lesson.

5. Encourage inter-team interaction.

6. This is not designed as a competition but you can modify it for one.

Student handout
Central Dogma in Motion

TEAM DNA “opens up” for transcription.

TEAM DNA LOCATION: NUCLEUS

1.  TEAM DNA: You have the following NUCLEOTIDE sequence:

C A G A C T T A





     I   I   I  I  I   I   I  I





      G T C T G A A T 

There are 16 students in TEAM DNA.  Each student receives a number 1-16.  The assignments are as follows: 

1. [image: image2.png]


C  

9. G

2. [image: image3.png]


A

10. T

3. G

11. C

4. A

12. T

5. [image: image4.png]


C

13. G

6. T

14. A

7. T

15. A

8. A

16. T

TEAM DNA must allow their gene to be transcribed by TEAM mRNA!!!

a. The gene information in the nucleus must get out of the nucleus to the RIBOSOME. (Form the above sequence as shown.)  

b. Use the materials provided and follow the color code: green/adenine, yellow/thymine, blue/guanine, red/cytosine.

c. The middle 6 nucleotide base pairs must unzip so the AGACTT side of TEAM DNA can be transcribed by TEAM mRNA. Work with TEAM mRNA to coordinate this.
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         gene
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C A G A C T T A





     I   I   I  I  I   I   I  I





      G T C T G A A T 
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Unzip and make room for 

TEAM mRNA to transcribe
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TEAM mRNA “TRANSCRIBES” the message and takes it!

TEAM mRNA LOCATION: Hang out by the RIBOSOME.

2. 6 students will be complimentary mRNA nucleotides for the middle six nitrogen bases of the AGACTT side of the DNA molecule. The complimentary strand of mRNA will be UCUGAA with the color purple representing U for  the nitrogen base uracil.  A matches with U.  G matches with C.
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There are 6 students in TEAM mRNA.  Each student receives a number 1-6.  The assignments are as follows:

1. U

2. C

3. U

4. G

5. A

6. A

TEAM mRNA must figure out how to get the genetic message out of the nucleus!!!

a. The gene sequence in TEAM DNA is: AGACTT 

b. How will you “transcribe” this message in the NUCLEUS and bring this message back to the ribosome (represented by the desk)?  I will tell you that in mRNA, U matches with A and that C matches with G.

TEAM t RNA Delivers to TEAM mRNA the building blocks of life!

3.  6 students become the anti-codon for the two codons of the messenger RNA sequence. You will have the sequences AGA and CUU:

codon 1 
codon 2

TEAM mRNA  codon sequence:

UCU    
GAA

TEAM tRNA  anti-codon 


AGA

CUU






        anti-codon 1        anti-codon 2

There are 6 students in TEAM tRNA.  Each student receives a number 1-6.  The assignments are as follows:

1. A    
 4. C

2. G  

5. U

3. A   

6. U

TEAM tRNA MUST BRING AMINOACIDS TO MAKE PROTEIN!!!

a. Get into your two anti-codons as diagrammed above. Anti-codon 1 takes one amino acid, anti-codon 2 takes one amino acid.  You must take the correct amino acid.  

b. Work with TEAM AMINO ACID to figure out which two amino acids you will transfer to TEAM mRNA.  Look at the Genetic Code table on the page 5 to figure this out.  The mRNA “codon” will determine which amino acid to take.  Fill in the blanks below:




Amino acid 1:   



Amino acid 2: 







Codon 1




codon 2


TEAM AMINO ACID manufactures protein!

TEAM LOCATION:  FIND a corner of the classroom far away from the ribosome and the nucleus and far away from TEAM tRNA.

4. You will work with TEAM tRNA to form your two amino acid polypeptide.  Unfortunately, only two of you will be chosen to be transferred to mRNA by tRNA.

Depending on your number label across your chest in super big letters your amino acid:

1.  Phe
2. Ser

3. Tyr

4. Cys

5. Glu
6. His

TEAM AMINO ACID MUST MAKE PROTEIN!!!:



a. Work with TEAM tRNA to figure out which of you amino acids will be “taken” by their team.  Look at the genetic code below and make sure TEAM tRNA takes the right amino acids:

codon 1 
codon 2

TEAM mRNA  codon sequence:

UCU    
GAA

b. For the two amino acids that will be taken- figure out who you are before the skit begins and plan ahead how you will demonstrate forming a polypeptide.



In your own words write a paragraph describing roles of DNA, mRNA, tRNA, amino acids, and ribosomes in the production of a protein.
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