Section

Animal Science
Unit 
 
Unit5 – Cell Structure and Organization 

Lesson Title 
Lesson 6:  Protein Synthesis

Student Learning Objectives

As a result of this lesson, the student will be able to describe:

1. the differences between RNA and DNA.

2. the process of transcription and translation.

3. how protein is used in the body of an animal.

Time
Instruction time for this lesson:  Two 50-minute periods.

Resources

Quantum Teaching: TM Note taking method

Strategies for Great Teaching

Biology: Principles and Exploration

Tools, Equipment and Supplies

· Overhead or projector

· White Board 

· Go to the review/summary and cut the large, bolded strands of DNA, mRNA, tRNA, and amino acids into strips so students can use them as a reference in the activity. You should only need one set.

Each Student Needs:

· 2 Pens of different colors (Black and Blue)

· 1 highlighter 

· College rule notebook paper

· Copy of Quiz

Key Terms 
RNA


DNA


Uracil

Messenger RNA
Transfer RNA

Ribosomal RNA

Transcription

Translation 

Codon


Genetic Code

Anticodon

Interest Approach

What are some good sources of protein? (Expect replies such as meat, eggs and beans.) Why are these important for us to have in our diets?  How does our body utilize protein? During this lesson, we will investigate how our bodies manufacture protein using what we consume in our diets.

Protein Synthesis is extremely important to the survival of any living organism. The protein that we consume first must be denatured into the amino acids of which protein is composed. This is why eggs are such a great source of protein. The egg turns white as you cook it because the heat denatures the protein into amino acids. Eggs are an extremely easy source of protein for the body to use because a lot of the work has already done by the heat of cooking. Once the body has broken down the protein into amino acids, it can then reconfigure them, based on the code provided by our genes and DNA, into proteins that our body needs to build and repair muscle.

If protein synthesis is interrupted, organ failure and death occur. Death cap mushrooms are poisonous because it is taken up by the liver. The poison binds tightly to one of the RNA polymerases. This prevents the making of RNA by the liver cells and thus, the making of proteins. Liver failure and death follow.

Chronic Wasting Disease (CWD) in deer and elk and Mad Cow Disease are also the result of protein synthesis gone bad. Both of these lethal diseases are a result of protein coming into contact with a prion, which causes it to fold improperly. The protein is unable to perform and results in the destruction of the brain and nervous tissue.

Now that we have established the importance of protein synthesis in living animals, lets explore how this process is carried out in our bodies and the bodies of our livestock.

Summary of Content and Teaching Strategies

Objective 1.
Understand the differences between RNA and DNA 
Protein synthesis is an in-depth process. I have found that students grasp the concepts better by adapting the note taking method called the TM method from Quantum Teaching. Have each student fold several pages of college-rule paper vertically. Each page will have a fold dividing the page so that 1/2 of the page is to the left of the fold and 1/2 is to the right. The right-hand side is notes as usual, what you put on the board or overhead goes on this side. The left-hand side is for the student. They can write questions or comments in this section. Additionally, each time the notes change to a new topic have them switch the color of pen they are using. This makes it simple for them to quickly find information during reviews. Finally, take the last two to three minutes of the lecture portion to have students use their highlighters to bold the most important information.  

Protein Synthesis 

Traits, such as coat color, are determined by proteins that are built according to instructions specified in an organism’s DNA. Remember that proteins have many functions, including acting as enzymes and forming cell membrane channels. How are the instructions in DNA actually implemented? Proteins are not built directly from DNA. Ribonucleic acid (RNA) molecules are also involved.

Refer to PowerPoint slides one through four. The instructions for building a protein are found in DNA. The code for the protein is “rewritten” to a molecule of RNA during transcription. The RNA is then “deciphered” during translation.

Refer to slide # 4 and allow students to copy the information into their notes.

I. What are the differences between DNA and mRNA?

II. DNA 

i. Double stranded

ii. Deoxyribose sugar

III. mRNA

i. Single stranded 

ii. Ribose sugar

iii. Has Uracil nucleotide in place of Thymine

Like DNA, RNA is a nucleic acid or a molecule made of nucleotides linked together.  RNA differs from DNA in three ways. 

First, RNA consists of a single strand of nucleotides instead of the two strands found in DNA as shown in the diagram on the last slide.

Second, RNA nucleotides contain the five-carbon sugar ribose rather than the sugar deoxyribose, which is found in DNA nucleotides.  Ribose contains one more hydrogen atom than deoxyribose.

And third, in addition to the Adenine, Thymine, Guanine, and Cytocine nitrogen bases found in DNA, RNA nucleotides have a nitrogen base called Uracil, abbreviated as U. No Thymine (T) bases are found in RNA. Like Thymine in DNA, Uracil is complementary to adenine whenever RNA base pairs with another nucleic acid.

Use a Mother Goose Moment to allow students to work in pairs to create a rhyme to remember the differences between DNA and RNA.  Have one or two groups share their rhymes
A gene’s instruction for making a protein is coded in the sequence of nucleotides in the DNA. The instructions for making a protein are transferred from DNA within the nucleus of a cell to a (messenger) mRNA molecule in a process called transcription. Once transcription is complete, the mRNA moves from the nucleus to a ribosome within the cytoplasm of a cell. It is here that a process called translation takes place. During translation, tRNA aniticodons bind to mRNA codons. The tRNA carries with it a specific amino acid that binds to other amino acids forming specific proteins the body needs.

Objective 2: Describe the process of transcription 
Display slides 5 - 27 and allow students to copy information into their notes. The best way to deliver this is if you use the PowerPoint. There are some pictures that are instrumental in understanding this process.  You will need to explain as students write notes and also narrate pictures.

I. There are two processes to Protein Synthesis!!

A.  Transcription 

1.  DNA to mRNA (Messenger RNA). 

      Takes place in the nucleus. 

B.  Translation

1. mRNA to tRNA (Transfer RNA)

2. Takes place in the ribosomes of the cytoplasm.

II. What is “Transcription”?

A.  A part of the DNA double helix within the nucleus is unzipped, cut by enzymes, and then copied onto a new single strand called mRNA. This process is called “Transcription”.  Once the DNA is transcribed, the single strand moves from the nucleus to a ribosome in the cytoplasm of the cell.  Thus the name messenger RNA

III. Nitrogen Bases

A.   You already learned that the nitrogen bases in DNA are:


Adenine – Thymine


Guanine – Cytosine

B. The Nitrogen bases in RNA are similar, but rather than Thymine, RNA contains

      a similar base called Uracil.  Thus the base pairs are:

    
Adenine - Uracil


Guanine – Cytosine

IV. Let’s copy some DNA to mRNA!!

· DNA strand:    ATCGGCATCATT

· mRNA strand:________________

· DNA strand:    ATGAAGGCGAAA

· mRNA strand: ________________

V. Answer!!!

· DNA strand:    ATCGGCATCATT

· mRNA strand: UAGCCGUAGUAA

· DNA strand:    ATGAAGGCGAAA

· mRNA strand: UACUUCCGCUUU

VI. Sample Question

· A. UUGGCCGAUUGG

· B. TTGGCCGATTGC

· C. AACCGGCTAACC

· Which strand is

· ____ DNA STRAND 1

· ____ DNA STRAND 2

· ____ mRNA

VII. Answer!

· A. UUGGCCGAUUGG

· B. TTGGCCGATTGC

· C. AACCGGCTAACC

· Which strand is

· __b or c__ DNA STRAND 1

· __b or c__ DNA STRAND 2

· __a__ mRNA

VIII. Now the message can be translated!!

A. A single strand of mRNA was just transcribed from DNA within the nucleus and now the code will be translated to make the specific protein within a ribosome in the cytoplasm!!

· DNA strand   
TACATTTAGCGG

· MRNA strand 
AUGUAAAUCGCC

IX. What is the structure of the mRNA code?

A. Three mRNA nucleotides form a triplet code called a “Codon”. Each codon sequence will then code for a tRNA with an anticodon with opposite nitrogen bases . 

X. tRNA

A. tRNA has an anticodon at bottom of its structure that is the match for the mRNA codon

B. An amino acid is at the top of the tRNA

XI. Genetic code

A. There are 64 combinations using the four mRNA nucleotides AUGC to code for 20 amino acids.

XII. Step 2 of Protein synthesis

A. mRNA is used to pair up with tRNA to code for amino acids that form a chain that makes a specific protein in a process called “Translation”

XIII. What is “Translation”?

A. A ribosome binds mRNA to tRNA, which is attached to specific amino acids as anti-codons. Each anticodon of tRNA attaches to a codon on mRNA.  An amino acid is attached to the top of a tRNA.  The amino acids bond together, forming a polypeptide chain that make a specific protein. 

XIV. Where does translation take place?

A. In ribosomes in the cell’s cytoplasm

XV. tRNA anticodon (UAC) binds mRNA at the START codon (AUG) to begin the translation message

XVI.
Each tRNA carries a specific amino acid. The amino acids bind together to make a polypeptide chain to make specific proteins.

XVII. At the end (Stop codon), a release enzyme binds to a stop codon in the sequence. This stops translation, releasing the completed chain of protein.

XVIII.  Complete the following code!!

· DNA     AT _ CGG _ _ _ TGG

· DNA 
TAC _ _ _ CGT ACC

· mRNA
_ _ _ _ _ _ _ _ _ _ _ _

· tRNA
_ _C G _ _ _ _ _ _ _ _

· A.A 
____ ____ ____ ____=Protein

· (Use the table to find the correct amino acid)

XIX. Complete the following code!!

· DNA     ATG CGG GCA TGG

· DNA 
TAC GCC CGT ACC

· mRNA
AUG CGG GCA UGG

· tRNA
UAC GCC CGU ACC

· A.A 
TRY  ALA  ARG THR = Protein

· (Use the table to find the correct amino acid)

Objective 3:  Be able to describe how protein is used in the body of an animal.

Display slide #28 and have students copy notes.

I. How is this new animal protein used?

· A. It may be used for:

· Structure


    Muscle, bone, hair

· Cell membranes

· Chemicals 

   Special enzymes 

Review/Summary. 

Display slide #29 and review the entire protein synthesis process. Once done going through the process as a group, go through the following activity to help the group completely understand protein synthesis. First, arrange the desks or tables in the room in a circle. Make sure there is room to go into the circle and out of the circle like a permeable membrane. Explain to the class that the entire classroom is a cell. Inside the circle of desks is the nucleus. Outside the circle is the cytoplasm. Denote a bookcase, single desk, or some other object as a ribosome in the cytoplasm.

Cut out the strips below and make each strip a group with at least one person in each group. You can have as many as you want, however.

Have group1, group 2, and group3 start inside the nucleus (circle of desks). Have the DNA Strands intertwine their strips. Have mRNA come over and unzip the DNA. Have the mRNA strand “code” the correct DNA strand. Emphasize that if this was the real thing, the mRNA code would be written as the mRNA read the DNA strand; however, to simplify things the mRNA code is written for the group. Once the group finds the right DNA strand and “codes” the DNA onto the mRNA, the mRNA may leave the nucleus and go to the designated ribosome area in the cytoplasm (rest of classroom outside the circle of desks) (ribosome should be in a bookcase area or something similar).

The DNA in the nucleus needs to rewind and stay in the nucleus. Once the mRNA is in the ribosome area, the tRNAs with matching amino acids should go to the mRNA strand and match their anticodon to the mRNA codon. Once both tRNAs match, the amino acids are connected and can walk off together because they are now a polypeptide chain that makes up a protein.

Remind the group that this pair of amino acids is not really a polypeptide, as it takes several amino acids to make protein (polypeptide chain. .this is really a dipeptide chain). However, the process basically works this way. When you have gone through once, have students change jobs and go through the process again.

DNA STRAND 1 (Group 1):  TTGGCCGATTGC

DNA STRAND 2 (Group 2):  AACCGGCTAACC

mRNA STRAND (Group 3):   UUGGCCGAUUGG

tRNA (Group 4):  AAC 

tRNA (Group 5):  CGG

Amino Acid (Group 6):  AAC = Leucine

Amino Acid (Group 7):  CGG = Alanine

Quiz

1. Transcription takes place in the ____________________ of a cell.

2. Translation takes place in the _______________ of a cell located in the ________________.

3. Codons are found on ______________.

4. Anticodons are found on ________________.

5. Amino acids are the building blocks for _________________.

6. Instead of thymine mRNA uses ________________ as a nitrogen base.

7. DNA is made of ________ strands.

8. RNA is made of ________ strands.

9. The whole process of making protein is called _______________.

10. At the bottom of this page make a complete drawing of how the protein synthesis process takes place.

Answers

1. nucleus

2. ribosome, cytoplasm

3. mRNA

4. tRNA

5. protein

6. uracil

7. 2

8. 1

9. protein synthesis

10. up to teacher
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