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From Gene to Protein—Transcription and Translation
~Questions~
By Drs. Ingrid Waldron and Jennifer Doherty, Department of Biology, University of Pennsylvania, Copyright, 2010

Introduction

1. What is a gene? State the definition, and give some examples of genes.

A gene is a section of a chromosome that provides instructions for making a protein or proteins, thereby influencing a person’s characteristics, such as eye color, or a particular biochemical reaction. 
2. What is a protein? State the definition, and give some examples of proteins.

A protein is a long train of amino acids linked together. Proteins have different functions; they can provide structure (ligaments, fingernails, hair), help in digestion (stomach enzymes), aid in movement (muscles), and play a part in our ability to see (the lens of our eyes is pure crystalline protein).

3. Complete the following table to summarize the basic characteristics of transcription and translation.
	
	Original message or instructions in:
	Molecule which is synthesized
	Location where this takes place

	Transcription
	Nucleotide sequence in gene in DNA in chromosome


	mRNA
	Nucleus 

	Translation


	mRNA
	A
mino acid
	Ribosome


4.  What is hemoglobin?
Hemoglobin is a protein-based component of red blood cells which is primarily responsible for transferring oxygen from the lungs to the rest of the body. Hemoglobin is actually the reason red blood cells appear red, although oxygen-rich blood is noticeably brighter than the depleted blood returning to the heart and lungs.
Transcription

5. Notice that the process of transcription is similar to the process of DNA replication. What are some similarities between transcription and DNA replication?

· Both begin with the help of an enzyme to get the process started. 

· Both utilize base pairing rule when created
· Both are made up nucleotides which contains a nitrogenous base, a sugar and a phosphate group

6. There are also a few important differences between DNA replication and transcription. Fill in the blanks in the following table to summarize these differences.
	DNA replication
	Transcription

	The whole chromosome is replicated.
	A segment f the DNA is transcribed.

	DNA is made.

DNA is double-stranded.
	mRNA is made.

mRNA is double-stranded.

	DNA polymerase is the enzyme which carries out DNA replication.
	RNA polymerase is the enzyme which carries out transcription.

	T = thymine is used in DNA,

so A pairs with T in DNA.
	T = thymine is replaced 

by U = uracil in RNA,

so A in DNA pairs with U in mRNA.


7. Chart that summarizes the base-pairing rules for transcription:
	DNA nucleotide
	Complementary nucleotide in RNA

	         G
	C

	         C
	G

	         T
	A

	         A
	U


8. After completing the transcription modeling procedure, summarize what you have learned by explaining how a gene directs the synthesis of an mRNA molecule. Include in your explanation the words and phrases: base-pairing rule, complementary nucleotides, cytoplasm, DNA, gene, messenger RNA, nucleotide, nucleus, and RNA polymerase.

Student answers will vary but should correctly include each of the listed word and phrases.
Translation

9. In the diagram below, circle the anti-codons in the tRNA molecules in the figure. Use arrows to indicate where anti-codons in tRNA are matched with complementary codons in mRNA. To show how the tRNA molecules would look after the correct amino acid has been attached, draw an asp amino acid attached to the top left tRNA and a tyr amino acid attached to the top right tRNA.
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(Figure 14.7 from Krogh, Biology, a Guide to the Natural World, 2005)
10. Before following the translation modeling procedure, complete the table below that shows the codons in your mRNA and the corresponding amino acids. Use the base-pairing rule to show the tRNA anti-codon for each mRNA codon.

	Amino acid
	mRNA codon
	Anti-codon in tRNA molecule 

that carries this amino acid

	Threonine (Thr)
	    ACU
	UGA

	Histidine (His)
	    CAU
	GUA

	Proline (Pro)
	    CCU
	GGA

	Leucine (Leu)
	    CUG
	GAC

	Glutamic acid (Glu)
	    GAG
	CUC

	Valine (Val)
	    GUG
	CAC


11. After step 5 in the translation modeling procedure, your model should look like this. 
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What happened to the first tRNA? Why isn't it shown in this diagram?

The first tRNA has returned to the cytoplasm since the amino acid it carried has been linked to the amino acid histidine.

Draw a rectangle around the third codon in the messenger RNA.

What is the anti-codon for that codon?
The anti-codon for the third amino acid will be GAC

Which amino acid will be the third amino acid in the hemoglobin protein?
The third amino acid will be leucine. 
12.  Describe one similarity in the structure of mRNA and tRNA.

Student answers will vary; valid answers included: mRNA and tRNA are both single stranded. Both have the same nitrogen bases. Both play a part in translation
13. What is the function of mRNA?

mRNA carries the code for amino acids which make protein

14.  What is the function of tRNA?

tRNA is a special type of RNA and is required to ensure that the correct amino acid is brought in to match each codon in the mRNA. 
15. The proteins in biological organisms include 20 different kinds of amino acids. What is the minimum number of different types of tRNA molecules that must exist in the cell?
While there are multiple different types of tRNA, there must be at least 20 types of tRNA, one representative for each amino acid. 

16.  Explain why it makes sense to use the word translation to describe protein synthesis. (Hint: Look at the figure on page 4 of your biology background and instructions handout.)
Student answers may vary. Student should included: the idea that during protein synthesis the DNA “language” has to be converted in RNA “language” in order for the information it contains to be understood and carried out. This is similar to the way different oral languages have to be translated in order for their message to be understood by those who may not speak that language. 

17. Explain why it would not make sense to use the word translation to describe mRNA synthesis.

Student answers may vary; however students should include the idea that during mRNA production, the message is changed, or transcribed, from one language to another but the instructions are not carried out.
18. What part of translation depends on the same base-pairing rule that is used in transcription and DNA replication?

The part of translation that depends on the same base pairing rule found in transcription and DNA replication happens when anti-codons in tRNA are matched with complementary codons inmRNA in the ribosome.
additional nucleotides…
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