BIOL 1406 Discussion Questions: Protein Synthesis
1.  If proteins were composed of only 12 different kinds of amino acids, what would be the smallest possible codon size in a genetic system with four different nucleotides? 

2. Each of the following is a modification of the sentence THECATATETHERAT.

A.
THERATATETHECAT
B.
THETACATETHERAT
C.
THECATARETHERAT
D.
THECATATTHERAT
E.
CATATETHERAT


Which of the above is analogous to a frameshift mutation? 

Which of the above is analogous to a single substitution mutation? 
3. What is the relationship among DNA, a gene, and a chromosome? 
a)A chromosome contains hundreds of genes, which are composed of protein. 

b)A chromosome contains hundreds of genes, which are composed of DNA. 

c)A gene contains hundreds of chromosomes, which are composed of protein. 

d)A gene is composed of DNA, but there is no relationship to a chromosome. 

e)A gene contains hundreds of chromosomes, which are composed of DNA
4. An in vitro RNA synthesis reaction was set up and allowed to proceed in the presence of nonradioactive ribonucleotides (NTPs). After several minutes had passed, radioactive NTPs were added and RNA synthesis was allowed to continue. Then the RNA molecules were isolated from the reaction mixture and analyzed for the presence of radioactive nucleotides at the 5' and the 3' ends. Based on what you know about RNA synthesis, which end of the RNA molecules were found to be radioactive? (Assume that conditions were set so that each ribosome transcribed a single message.)  

5. You have obtained a sample of DNA, and you transcribe mRNA from this DNA and purify it. You then separate the two strands of the DNA and analyze the base composition of each strand and of the mRNA. You obtain the data shown in the table to the right. Which strand of the DNA is the coding strand, serving as a template for mRNA synthesis?

 


A
G
C
 T 
U 

DNA strand #1 
19.1 
26.0 
31.0 
23.9 
0 

DNA strand #2 
24.2 
30.8 
25.7 
19.3 
0 

mRNA 

19.0 
25.9 
30.8 
0 
24.3

6. What evidence supports the hypothesis that peptide bond formation is catalyzed by a ribozyme?  What key sets of experiments led to the understanding that, in fact, DNA and not protein was the hereditary material?

7. If 20% of the DNA in a guinea pig cell is adenine, what percentage is cytosine? Explain your answer.

8. Fill in the blanks below and indicate the 5( and 3( ends of each nucleotide sequence. Assume no RNA processing occurs.


Nontemplate strand of DNA: 
5(   A  T  G  T  A  T  G  C  C  A  A  T  G  C  A  3(

Template strand of DNA:
__( T  _   _   _  _   _   _  _   _   _  _  _  _  _  _  __(

mRNA:
__( A  _  _   _  _   U   _  _   _   _  _  _  _  _  _  __(

Anticodons on complementary tRNA:
__(  _  _  _ / _  _  _ /   _  _  _ /  _  _ _ / _  _  _ /  __(

Template strand of DNA:
__(  T  _  _ / _  _  _ /   _  _  _ /  _  _ _ / _  _  _ /  __(

mRNA:
__(  A  _  _ / _  _  U /  _  _  _ /  _  _ _ / _  _  _ /  __(





tRNA:
    __(  _  _  _ / _  _  _ /   _  _  _ /  _  _ _ / _  _  _ /  __(
9. A messenger acid is 336 nucleotides long, including the initiator and termination codons. What is the number of amino acids in the protein translated from this mRNA?
10. Given an original template strand of DNA:  3( TAC GCA AGC AAT ACC GAC GAA 5(
a. What is the sequence of the mRNA?

b. What amino acids does this mRNA code? 

c. Predict the affect the following point mutations would have on the amino acid sequence using the original template strand of DNA
i. Substitution of T for G at position 8.

ii. Addition of T between positions 8 and 9.

iii. Deletion of C at position 15.

iv. Substitution of T for C at position 18.

v. Deletion of C at position 18.

11. Sickle-cell disease is caused by a single base substitution in the gene for the beta subunit of hemoglobin. This base substitution changes one of the amino acids in the hemoglobin molecule from glutamic acid to valine. Look up the structures of glutamic acid (glu) and valine (val). What kinds of changes in protein structure might result from this substitution? Explain.

12.
RNA plays a key role in the process of protein synthesis. RNA molecules are composed of 4 different types of RNA nucleotides.  Each nucleotide consists of a 5-carbon sugar called ribose, a phosphate group, and one of 4 nitrogenous bases: Adenine, Guanine, Cytosine, or Uracil.  Draw 4 diagrams showing the molecular structure of the 4 different nucleotides that make up RNA.  For each nucleotide:

    -
shade the ribose sugar in red

    -
number the 5 carbon atoms in ribose from 1' to 5'

    -
shade the nitrogenous base in gray

    -
write down the name of the nitrogenous base and indicate whether it is a purine or a pyrimidine

    -
shade the phosphate group in yellow

13.
On another sheet of paper, draw 3 more RNA nucleotides.  Draw the 3 nucleotides in a single column, one above the other.  Now show how 2 nucleotides can join together by drawing a red line between the 3' carbon of the top nucleotide and the phosphate group of the middle nucleotide.  Label the red line as a "phosphodiester bond".  Draw and label another phosphodiester bond between the 3' carbon of the middle nucleotide and the phosphate group of the bottom nucleotide.  You now have a trinucleotide (a molecule composed of 3 nucleotides).  Clearly label the 3' end of the trinucleotide and the 5' end.

14.
On a third sheet of paper, draw a diagram of a RNA molecule that is 6 nucleotides long.  To simplify your diagram, use a yellow circle around the letter "P" to represent each phosphate group, use a red pentagon around the letter "R" to represent ribose, use a single gray ring to represent pyrimidine bases, and use a double gray ring to represent purine bases.  Indicate the name of each nitrogenous base by using A for adenine, G for guanine, C for cytosine, and U for uracil.

15.
Name the 3 parts of an RNA nucleotide.

16.
Name the 4 nitrogenous bases found in RNA.

17.
Describe 3 structural differences between DNA and RNA.

18.
List the 3 types of RNA and describe the function of each.

19.
Compare the function of DNA with the function of RNA.

20.
Describe the process of transcription.

21.
Describe 2 similarities and 3 differences between DNA replication and transcription.

22.
Identify and describe the 3 main stages of translation.

23.
How does protein synthesis differ in prokaryotes and eukaryotes?

Use the Genetic Code Table below to answer the final question.  Note - use this Table to translate the codons on the mRNA, not the anticodons on the tRNA!!!
	This table shows the 64 codons and the amino acid each codon codes for. 

	
	2nd base

	
	U
	C
	A
	G

	1st
base
	U
	UUU Phenylalanine
UUC Phenylalanine
UUA Leucine
UUG Leucine
	UCU Serine
UCC Serine
UCA Serine
UCG Serine
	UAU Tyrosine
UAC Tyrosine
UAA (Stop)
UAG (Stop)
	UGU Cysteine
UGC Cysteine
UGA (Stop)
UGG Tryptophan

	
	C
	CUU Leucine
CUC Leucine
CUA Leucine
CUG Leucine
	CCU Proline
CCC Proline
CCA Proline
CCG Proline
	CAU Histidine
CAC Histidine
CAA Glutamine
CAG Glutamine
	CGU Arginine
CGC Arginine
CGA Arginine
CGG Arginine

	
	A
	AUU Isoleucine
AUC Isoleucine
AUA Isoleucine
AUG Methionine
	ACU Threonine
ACC Threonine
ACA Threonine
ACG Threonine
	AAU Asparagine
AAC Asparagine
AAA Lysine
AAG Lysine
	AGU Serine
AGC Serine
AGA Arginine
AGG Arginine

	
	G
	GUU Valine
GUC Valine
GUA Valine
GUG Valine
	GCU Alanine
GCC Alanine
GCA Alanine
GCG Alanine
	GAU Aspartic acid
GAC Aspartic acid
GAA Glutamic acid
GAG Glutamic acid
	GGU Glycine
GGC Glycine
GGA Glycine
GGG Glycine


24.
The sequence of nitrogenous bases in a short section of DNA is shown below:

A T G C G A C A A A G C
(coding DNA strand)

T A C G C T G T T T C G 
(template DNA strand)

a. List the sequence of bases in the mRNA that is transcribed from this DNA segment

b. List the 4 anticodons that are complementary to the 4 codons of the mRNA.

c. List the 4 amino acids that are coded for by this segment of DNA.

25.  Using the terms below:


Option 1: Create a concept map using http://ctools.msu.edu/ctools/index.html

Option 2: Create a working model using materials provided



Be prepared to share with class

	gene

DNA

nucleotides: A, T, G, and C versus 
A, U, G, and C

RNA modification(s) after transcription

mRNA

RNA polymerase

poly(A) tail

5( cap

translation

protein synthesis


	ribosome (large versus small subunit)

A, P, and E sites

tRNA

rRNA

start codon (methionine)

aminoacyl-tRNA synthetase

amino acids 

peptidyl transferase

pre-mRNA




exons

RNA splicing 



spliceosome

introns


	polypeptide


energy

codons

stop codons

anticodons

initiation

elongation

termination

polypeptide



13. Problem Set

This material was created by or adapted from material created by MIT faculty members, Professor Prof. Penny Chisholm, Prof. Graham Walker, Dr. Julia Khodor, Dr. Michelle Mischkel, Introductory Biology, 2005, 7.014. Copyright © (2005) Prof. Penny Chisholm, Prof. Graham Walker, Dr. Julia Khodor
Dr. Michelle Mischke
Shown below is a fragment of the sequence of a hypothetical bacterial gene. This gene encodes

production of CHWDWN, protein essential for metabolizing sugar yummose. The transcription

begins (and includes) the G/C base pair in bold and proceeds to the right.

[image: image1.png]5’..TTCGAGCTCTCGTCGTCGAGATACGCGATGATATTAGTGGTAATATGGGGATGCACT...3 "
3’ ..AAGCTCGAGAGCAGCAGCTCTATGCGCTACTATAATCACCATTATACCCCTACGTGA...5"




a) Give the sequence of the mRNA transcribed from this gene and indicate the 5’ and 3’ ends of the mRNA.

b) Give the sequence of the peptide that will be translated from this mRNA. Label the amino and carboxy termini of the peptide.

c) You study two different mutants, Mutant A and Mutant B.

i) In the DNA sequence for Mutant A, you find the insertion of a G/C base pair between positions 22 and 23 (position of insertion is indicated by an arrow):

[image: image2.png]5’..TTCGAGCTCTCGTCGTCGAGATACGCGATGATATTAGTGGTAATATGGGGATGCACT...3 "

37 «.Z-\]—\GCTCG]—\GAGCAGCAGCTCT%TGCGCTACTATZ—\ATCACCATTATACCCCTACGTGA«.5 !




Give the sequence of the new peptide produced by mutant A. Label the amino and carboxy termini of the peptide.

ii) In the DNA sequence for Mutant B, two consecutive G/C base pairs are inserted between positions 22 and 23 (position of insertion is indicated by an arrow on the figure above).

Give the sequence of the new peptide produced by mutant B. Label the amino and carboxy termini of the peptide.

d) One of these two mutants is fully functional, while the other is not. Which mutant peptide do you predict is functional and which one is not? Why?

14. You are fascinated by CHWDWN, and decide to continue your research over the summer.

A graduate student in your lab has developed a collection of strains of bacteria containing different mutant tRNAs.

a) In wild-type cells, what is the anticodon on the tRNA charged with trp? Indicate 5’ and 3’.

b) In strain X, the 5’ nucleotide of the anticodon on the trp tRNA is changed to a G, and no wildtype trp tRNA is present.

i. Would you expect CHWDWN polypeptide production in X to be affected? If yes, explain how it would be affected. If no, explain why not.

ii. What proteins other than CHWDWN would you expect to be affected? Why?

iii. Would you expect strain X to grow on media containing yummose as the only carbon source? If yes, how strong would you expect that growth to be with respect to the wildtype strain? If no, explain why you expect no growth.

c) In strain Z, the tRNA with the anticodon for trp found in wild-type cells is actually charged with amino acid gln, and no wild-type trp tRNA is present.

i. Would you expect CHWDWN polypeptide production in Z to be affected? If yes, explainhow it would be affected. If no, explain why not.

ii. What proteins other than CHWDWN would you expect to be affected? Why?
iii. Would you expect strain Z to grow on media containing yummose as the only carbon source? If yes, how strong would you expect that growth to be with respect to the wildtype strain? If no, explain why you expect no growth.

d) You find that the protein sequence of CHWDWN is highly conserved (~80%) in humans. Excited, you acquire DNA fragments encoding bacteria and human CHWDWN proteins. You

1. combine both samples into one test tube

2. briefly treat the sample in the test tube with heat

3. let the sample cool

4. examine the contents of the test tube in electron microscope.

You find that you have three types of complexes in your sample:
[image: image3.png]:




You reason that two of the types are the original double stranded bacteria and human DNA,

and that the third was made when a strand of the human DNA base paired with a strand of

bacteria DNA.

On the figure above, identify each complex. For the bacteria-human hybrid, indicate which

strand is bacterial, and which is human.

Briefly justify your choices.
15.  Sickle-cell anemia is a disease that results from the presence of abnormal hemoglobin (HbS) in the red blood cells. In order to have the disease, a person needs to have only HbS hemoglobin. A carrier of the disease is a person who has both HbS and HbA (wild-type hemoglobin) in their red blood cells.

Suppose a colleague at your lab created some human stem cell lines from adult human carriers of

sickle cell disease. As it happened, she left a dish with some of these cells in a hood where you were performing your UV mutagenesis experiments on yeast.

Later she told you that, strangely, when she coaxed those cells to differentiate into red blood cells (RBCs) and placed these new RBCs into low O2 environment, some cells assumed rigid sickle-like shapes.

a) Do you think that appearance of the sickle-like cells is related to your colleague leaving the dish in the hood? If yes, how? If no, what caused this phenomenon?

b) Is the DNA in the sickle-like cells different from that in the normal-shape cells? If so, how is itdifferent? If not, explain why not

c) Is the protein content of the sickle-like cells different from that in the normal-shape cells? If so,how is it different? If not, explain why not.

d) Are your answers to parts b and c related? If yes, how are they related? If no, explain why theyare not related.

This material was created by or adapted from material created by MIT faculty members, Professor Prof. Penny Chisholm, Prof. Graham Walker, Dr. Julia Khodor, Dr. Michelle Mischkel, Introductory Biology, 2005, 7.014. Copyright © (2005) Prof. Penny Chisholm, Prof. Graham Walker, Dr. Julia Khodor
Dr. Michelle Mischke
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16. Problem Set

This material was created by or adapted from material created by MIT faculty members, Professor Prof. Penny Chisholm, Prof. Graham Walker, Dr. Julia Khodor, Dr. Michelle Mischkel, Introductory Biology, 2005, 7.014. Copyright © (2005) Prof. Penny Chisholm, Prof. Graham Walker, Dr. Julia Khodor
Dr. Michelle Mischke
Shown below is the DNA sequence of a gene from a virus that encodes a short viral peptide. Alsoshown is the sequence of the mRNA synthesized from this gene. 

Genomic DNA sequence:

5'-AGCTCATGTGCGAGTCCTGACGCTGACTAGG-3'

3'-TCGAGTACACGCTCAGGACTGCGACTGATCC-5'

Mature mRNA sequence (G* = G cap):

5'-G*UCAUGUGCGAACGCUGACUAGGAAAAAAAA....-3'

a. In the genomic DNA sequence shown above, draw a box around each of the two exons in the gene.

b. In the mRNA above, some nucleotides are present that are not coded for in the genomic DNA sequence. Name the two processes that have occurred to add these nucleotides to the mRNA.

c. How many amino acids are in the viral peptide encoded by this gene? _______

d. Is this virus more likely to replicate in prokaryotic or eukaryotic cells? Briefly explain your reasoning.

17. Problem Set

This material was created by or adapted from material created by MIT faculty members, Professor Prof. Penny Chisholm, Prof. Graham Walker, Dr. Julia Khodor, Dr. Michelle Mischkel, Introductory Biology, 2005, 7.014. Copyright © (2005) Prof. Penny Chisholm, Prof. Graham Walker, Dr. Julia Khodor
Dr. Michelle Mischke
[image: image5.png]Shown below is a representation of an origin of replication.
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For the following, use sites A and B with respect to fork 1 and sites C and D with respect to

fork 2.

a. On which strand(s) will replication be continuous? Circle your answer

Template 1 
template 2 
template 3
 template 4

b.  To which site or sites (A, B, C, or D) can the primer 5'-GUUCC-3' bind to initiate

replication?

c.  When DNA ligase is inhibited, it differentially affects the synthesis from the leading

and the lagging strands. Explain which strand (leading or lagging) is more affected by

the lack of DNA ligase and why.
d.  The next nucleotide to be added to a growing DNA strand is dCTP (shown).

i. Circle the part of the growing DNA chain to which the next base is attached.

ii. Circle the part of the dCTP that is incorporated into the growing DNA chain.
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e. DNA Replication involves many different enzymatic activities. Match each enzyme activity listed below with the function(s) that it has in the replication process. The first one is done foryou.
[image: image7.png]Enzyme Activity

Function(s)

Topoiosmerase

Primase (synthesizes primer)

DNA polymerase to elongate new

DNA strand

Helicase to unwind DNA

DNA polymerase to replace RNA
with DNA

Processivity factor

a)

b)
<)

d)
e)

Choose From:
3'> 5" growth of new DNA strand

5> 3’ growth of new DNA strand

3’ 5 exonuclease

5> 3’ exonuclease

Makes RNA primer complementary
to the lagging strand

Makes RNA primer complementary
to the leading strand

Makes peptide bonds

Separates the two DNA strands
Maintains DNA polymerase on
template

Provides 3" hydroxyl for initiation
of DNA polymerization

Untangles super-coiled DNA

















































