Exploration Guide: RNA and Protein Synthesis
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At every moment, in every cell of your body, the code of life is being translated. RNA, which stands for ribonucleic acid, decodes sections of DNA for the synthesis of proteins. Single-stranded RNA molecules are created along sections of the DNA molecule, leave the nucleus, and are transported to the ribosomes. Proteins are synthesized in the ribosomes according to the code carried by the RNA. 

One of the amazing things about the process of protein synthesis is that it is the same for all organisms, from the simplest bacteria to the most complex plant or animal. A given DNA sequence codes for the same protein in any organism. This striking fact is one of the strongest pieces of evidence supporting the theory that all living things evolved from a common ancestor! 

The Transcription of RNA

In this activity, you will examine how a single strand of RNA is transcribed from DNA. 

1. In the Gizmo™, click Release enzyme to release an enzyme called RNA polymerase. After the DNA is "unzipped" by the enzyme you will build a strand of RNA. This process goes on in your cells and is known as RNA transcription. Drag a complementary nucleotide from the right side of the screen and match it to the now-open strand of DNA. Repeat the process for all of the given nucleotides. 

1. Which nucleotide is the complement for guanine (G) on the DNA strand? (Write out the full name of the nucleotide.) 

2. Which nucleotide is the complement for cytosine (C) on the DNA strand? 

3. Which nucleotide is the complement for adenine (A) on the DNA strand? 

4. Which nucleotide is the complement for thymine (T) on the DNA strand? 

2. Look closely at the strand of RNA you just made. How does the RNA compare to the left side of the unzipped DNA strand? 
3. What is the same? 
4. What is different? 

5. Click Continue. At the completion of RNA transcription, the new strand of RNA leaves the nucleus of the cell. This strand is called messenger RNA (mRNA) because it carries the coded message of the DNA to the ribosome to direct protein synthesis. 
6. How is the structure of this RNA molecule different from a DNA molecule? 

Translation

In this activity, you will examine how the code from the mRNA strand is translated into a protein. A protein is composed of a unique chain of amino acids specified by the original DNA sequence. 

1. Examine the portion of the mRNA sequence that is displayed in the top part of the purple ribosome. Each sequence of three nucleotides in the mRNA is called a codon. Each codon in the mRNA is complemented by a transfer RNA (tRNA) anticodon. 

1. What three nucleotides make up the first mRNA codon?
2.  This three-letter sequence, AUG, is called the start codon. AUG signifies the start of protein synthesis for most living things. 

3. Drag the complementary tRNA anticodon to match the first mRNA codon within the ribosome. Notice the amino acid attached to the anticodon. Each anticodon is attached to one of 20 amino acids that make up proteins. In the Gizmo, the amino acids are portrayed as balls attached to the green tRNA molecules. The UAC anticodon is always attached to the amino acid methionine. 

4. Drag an anticodon to match the second mRNA codon. This anticodon carries the amino acid leucine.
5.  Describe what you see.
6.  What happens to the amino acids attached to each anticodon?
7.  What happens to the first anticodon? 
8. What happens to the ribosome? 

9. Attach another anticodon to the third mRNA codon. This anticodon carries the amino acid threonine. 
10. What happens now? 

11. Before you attach the last anticodon to the mRNA strand, look at it closely. 
12. How is this molecule different from the tRNA molecules? 
13. This molecule is called a termination factor. 

14. Attach the termination factor to the mRNA strand. 
15. What happens? 
16. The mRNA codon UAG is called a "stop" codon. Why do you think this is the case? 

17. Congratulations! Your protein is now complete. The protein you have made consists of three amino acids. In reality, most proteins are composed of hundreds of amino acids joined together and folded into a specific shape. 

2. Click Continue and observe what happens. After they are completed, proteins are enclosed in a membrane and transported to where they are needed. Some proteins are used within the cell, while others are moved to the golgi body, an organelle that packages proteins for export to other parts of the body. 

