Test Bank: Chapter Three

Gene Function


Chapter 3: Gene Function

Multiple-Choice Questions


1.
The role of tRNA is 

A)
to serve as an intermediate in the decoding of genes. 

*
B)
to act as transporters bringing amino acids to the site of protein synthesis. 

C)
to serve as general translational components of the ribosome. 

D)
to facilitate splicing of pre-messenger RNAs. 

E)
to facilitate protein trafficking in protein secretion. 

2.
Which of the following acts before the others? 

A)
tRNA alignment with mRNA 

B)
Aminoacyl-tRNA synthetase 

*
C)
RNA polymerase 

D)
Ribosome movement to the next codon 

E)
Amino acid chain elongation 

3.
Which of the following is not a component of the transcriptional system in cells? 

A)
RNA polymerase 

B)
DNA 

C)
Promoter 

*
D)
Shine-Dalgarno sequence 

E)
Hairpin loop 

4.
The association of separate amino acid chains to constitute one active protein is called the 

A)
primary structure. 

B)
secondary structure. 

C)
tertiary structure. 

*
D)
quaternary structure. 

E)
quinternary structure. 

5.
In a chromosome, which of the following is true? 

*
A)
RNAs of different genes can be transcribed off either DNA strand, always 5´  3´. 

B)
RNAs of different genes can be transcribed off either DNA strand, always 3´  5´. 

C)
The RNAs of all genes are synthesized 5´  3´ off the same DNA strand. 
D) The RNAs of all genes are synthesized 3´  5´ off the same DNA strand. 

E)
Different genes can be transcribed off either strand, some in the 5´  3´ direction and some in the 3´  5´ direction. 

6.
The following diagram shows a fragment of transcribed DNA (the upper strand is the template strand):



5´-ATTGCC-3´



3´-TAACGG-5´


The transcribed RNA is 

A)
3´-TAACGG-5´ 

B)
5´-TAACGG-3´ 

C)
3´-AUUGCC-5´ 

D)
5´-UAACGG-3´ 

*
E)
5´-GGCAAU-3´ 

7.
The following diagram shows a protein-coding gene and specifies the positions of its translational start and stop signals:
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Which of the following is correct? 

A)
Upper is template strand, carboxy terminus of protein to right 

*
B)
Upper is template strand, carboxy terminus of protein to left 

C)
Lower is template strand, carboxy terminus of protein to right 

D)
Lower is template strand, carboxy terminus of protein to left 

E)
Either strand could be template on the basis of this information 

8.
A protein fragment has the following sequence: NH2 -His-Met-Leu-Ile-Lys-COOH.


The DNA template strand sequence (3´  5´) would be 

A)
GUGUACAAUAUUUUU 

B)
GTGTACAATATTTTT 

*
C)
GTATACAATTATTTT 

D)
GUAUACAAUUAUUUU 

E)
CATATGTTAATAAAA 
7. In Neurospora, a linear biochemical pathway synthesizes an amino acid Z.




E1
E2
E3



W  X  Y  Z


Null mutants for the enzyme E2 gene will grow on minimal medium supplemented with which of the following compounds? 

A) W or X
* B) Y or Z 
   C) W or X or Y or Z

D) Z only 
E) W only 

10.
A branched biochemical pathway synthesizes two related essential amino acids D and F
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A mutant defective for enzyme 2 will grow on minimal medium supplemented with which of the following (choose the answer for which both amino acids will produce growth when added singly)? 

A) A, B
 B) E, F
 C) C, F 
D) D, F 
* E) C, D 

11.
In a wild-type strain of Drosophila the size of a gene from the start to stop codon is calculated to be 2000 nucleotide pairs. However, the size of the mRNA molecule transcribed from this gene is estimated at 1200 nucleotides. The most likely explanation for this discrepancy in size would invoke the existence of 

A)
a new stop codon introduced by mutation. 

B)
a frameshift mutation. 

C)
mRNA degradation. 

D)
DNA degradation. 

*
E)
the presence of one or more introns. 

12.
In a bacterium, mutants unable to synthesize an essential compound G were tested with related compounds D, E, and F. The results were as follows, where a plus symbol means growth:



Growth on compound



Mutants
D
E
F
G



1

+

+



2

+
+
+



3



+



4
+
+
+
+


The order in which genes act in the biosynthetic pathway for G must be 

A)
3  4  1  2 

B)
1  4  3  2 

C)
1  2  3  4 

*
D)
4  2  1  3 

E)
4  3  2  1 

13.
The following growth responses of Neurospora mutants 1–4 were seen on the related biosynthetic intermediates A, B, C, D, and E. Assume all intermediates are able to enter the cell, each mutant carries only one mutation, and all mutants affect steps after B in the pathway. Assume all end products are needed for growth.



Growth on compound



Mutants
A
B
C
D
E



1
+
0
0
0
0
(where + = growth and 0 = no growth)



2
0
0
0
+
0



3
0
0
+
0
0



4
0
0
0
+
+


Which of the following schemes fits best with the preceding data, with regard to the biosynthetic pathway? 

A)
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B)
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C)
 


[image: image5.png]




D)
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*
E)
 


[image: image7.png]BL)A 44>Ei>D

g




14. Four nutritional mutants in Neurospora required the addition of arginine to minimal medium for their growth. Some of the mutants will also grow (+ sign) by the addition of other substances to the medium, as follows:




Minimal 

Growth response to:




(Unsupplemented


Glutamic



Mutant
medium)
Arginine
Ornithine
semialdehyde
Citrulline



arg-8
–
+
+
+
+



arg-2
–
+
–
–
+



arg-4
–
+
+
–
+



arg-1
–
+
–
–
–


The metabolite accumulated maximally by arg-2 would be 

A)
arginine. 

*
B)
ornithine. 

C)
glutamic semialdehyde. 

D)
citrulline. 

E)
None of the above. 

15.
An individual that is heterozygous has Huntington's disease. The type of mutation this person has is called 

A)
a null mutation. 

B)
a leaky mutation. 

C)
a recessive mutation. 

*
D)
a haplo-insufficient mutation. 

E)
a haplo-sufficient mutation. 

16.
The proteome contains 

*
A)
the set of protein-coding genes of an organism. 

B)
the tRNA transcribed genes of an organism. 

C)
the rRNA transcribed genes of an organism. 

D)
all the RNA transcribed genes of an organism. 

E)
all the DNA sequences found in the chromosomes of an organism. 

17.
A biochemical pathway making pigments shows the following sequential color conversions, each catalyzed by separate enzymes, A, B, and C:




Colorless

yellow

blue

red



A

B

C


A null mutation in each of the genes that produce the enzymes A and B will result in a phenotype that is 

A) orange. 
B) blue. 
C) yellow. 
D) red. 
* E) white. 

Open-Ended Questions

1. In the chart below indicate by a “+” if the characterisic is present in at least some members of the group (bacteria, bacteriophages, eukaryotes). Use a “0” if the characteristic is absent in all members of the group.





Bacteria
Bacteriophages
Eukaryotes
(a) A large number (more than 1,000)

of highly repeated sequences of DNA 
___
___
___


(b)
A membrane-bound nucleus
___
___
___


(c)
DNA as its genetic material
___
___
___


(d)
RNA as its genetic material
___
___
___


(e)
Shine-Dalgarno sequences
___
___
___


(f)
5´ cap
___
___
___


(g)
Open reading frames
___
___
___


(h)
Introns
___
___
___


(i)
Aminoacyl-tRNA synthetases
___
___
___


(j)
Ribozyme
___
___
___


(k)
Spliceosomes
___
___
___


(l)
mRNAs with poly(A) tails
___
___
___



at their 3´ ends 


Answer:
Bacteria
Bacteriophages
Eukaryotes


(a)  A large number (more than 1,000)


       of highly repeated sequences of DNA
0
0
+


(b)  A membrane-bound nucleus
0
0
+


(c)  DNA as its genetic material
+
+
+


(d)  RNA as its genetic material
0
+
0


(e)  Shine-Dalgarno sequences
+
0
0


(f)  5´ cap
0
0
+


(g)  Open reading frames
+
+
+


(h)  Introns
0
0
+


(i)  Aminoacyl-tRNA synthetases
+
0
+


(j)  Ribozyme
0
0
+


(k)  Spliceosomes
0
0
+


(l)  mRNAs with poly(A) tails


      at their 3´ ends
0
0
+ 

2.
Shown below is the structure of a Drosophila gene, divided into 10 segments, designated A–J. The gene contains three exons, two introns, a promoter, and a site in I for poly(A) addition.


[image: image8.png]Exgn 1 Exon 2 Exon 3

Promoter Intron 1| Intron2 | AATAA

Yy b v i




  



(a) What segment or segments of the gene will be represented in the initial RNA transcript? List the appropriate letter or letters.


(b) What segment or segments of the gene will be found in the completely processed transcript?


(c) What segment or segments of the gene in the processed transcript will have additional nucleotides added to them?


(d) What segment or segments of the gene contain the CCAAT box and TATA box elements?


(e) What segment or segments of the gene will possess the translation initiation codon?


(f) In a large sample of null alleles, would mutant sites be expected in segments C and D, at the boundary of G–H, or both? If mutant sites exist, would the transcript be detected? Would a polypeptide chain be observed? 
Answer: 


(a) (C) D, E, F, G, H, I (J)  (The segments in parentheses are optional)


(b) (C) D, F, H, I, (J)


(c) C, I


(d) (B) C


(e) D


(f) Mutant sites would be expected in C and D and at the boundary of G–H. Transcripts might not be detected for a null mutation in C; a transcript would be detected for a null mutation in D, but the polypeptide chain might not function, depending on the site of alteration. A transcript might be detected for a G–H (intron/exon) mutation, but it would not be functional. 

3.
In the silkmoth, a single gene encodes the protein that is the major constituent of the cocoon.
(a) The mRNA encoding this protein was isolated from silkmoth larvae and hybridized with silkmoth DNA. The following electron micrograph was obtained:





[image: image9.png]





(1) Explain the loops in the DNA strand.


(2) Show on the diagram which side of the mRNA is its 5´ and which is its 3´ end. Explain.


(b) A mutant silkmoth was isolated that cannot make the cocoon protein. The mutant makes mRNA encoding the protein at the same concentration as the wild type, but the mRNA molecules are slightly longer than usual. In addition, an electron micrograph of the mRNA-DNA hybridization with mRNA from the mutant organism shows the following:
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Suggest a possible explanation for the nature of the mutation. 
Answer: 


(a) 
(1) The loops are introns.



(2)
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(b) A mutation in the second intron prevents splicing, and no functional protein is made. 


4.
Consider the following piece of messenger RNA:


5´-AUGGAGUCGUUAAUUAAACCGGUGCGGAUCGUAUUUAGUCCCCAC-3´


(a) Draw both strands of the segment of DNA from which this mRNA was transcribed.


(b) State which of the DNA strands the RNA synthesizing enzyme used as template for the transcription process.


(c) Using the codon chart, give the amino acid sequence of the protein that would be produced by translation of the mRNA, assuming the ribosome moved along the mRNA from left to right. 
Answer: 


(a)
3´-TACCTC............GGGGTG-5´



5´-ATGGAG............CCCCAC-3´


(b) The top strand 3´  5´


(c) Met—Glu—Ser.....................Ser—Pro—His 

5.
What would the minimum word (codon) size be if the number of different bases in the mRNA were (a) two? (b) three? (c) five? Give your reasoning. Assume that all other features of the translation of mRNA into protein are the same as what we now know. 
Answer:  



No. of bases
Word size
No. of combinations


(a)
2
5
25 = 32


(b)
3
3
33 = 27


(c)
5
2
52 = 25


Note: The number of combinations must be  21 (20 amino acids and one stop codon). 

6.
Code Crackerjacks


(a) 5´–CAU–3´ is a codon in mRNA that specifies the amino acid histidine (His) in position 58 in the  chain of human hemoglobin.



(1) What is the corresponding anticodon in tRNA?



(2) What is the corresponding triplet in the coding DNA strand?



(3) What is the corresponding triplet in the template DNA strand?



(b)The following is a pedigree of amino acid substitutions that have been observed in the  and  chains of human hemoglobin. The direction of change is indicated by an arrow. Using the codon chart, propose codons for these amino acids that would explain the observed substitutions in the form of single nucleotide changes.



[image: image12.png]Ala Val ————3 Met

Glu

\/
/\

Gh Lys

| |

Arg Asn



  
(c) A human hemoglobin genetic variant is known to cause lengthening of the  chain at 

its carboxyl-terminal end. No other amino acid changes are noted within the chain of the variant. Comparison between the variant and normal hemoglobin (HbA) shows the following amino acid sequences (numbers refer to position along the chain):




138
141

     146


HbA
Ser–Lys–Tyr–Arg
(COOH)


HbX
Ser–Lys–Tyr–Arg–Gln–Ala–Gly–Ala–Ser–Val–Ala



Assuming a single nucleotide change is responsible for lengthening of the amino 


 
acid chain, explain in a few choice words the appearance of amino acid 142 in HbX in terms of nucleotide sequences. 
Answer: 
(a) (1) GUA; (2) CAT; (3)GTA
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(c) There are two codons for Gln (CAA, CAG). Note that these codons differ by one base substitution from the stop codons UAA and UAG. This suggests mutation of the stop codon in HbA (at 142) to the codon for Gln in HbX and continued reading of sequences normally not translated. 

7.
A wild-type segment of the bigheadgrowthase protein codes for normal head growth and has the following amino acid sequence:



1
2
3
4
5



Arg
Ser
Thr
Lys
Val


A mutant protein causes exponential head growth. It differs from the wild-type protein by substituting Ile for Thr at position 3. A second mutant protein inhibits head growth. It differs from the wild-type protein by substituting Arg for Thr at position 3.
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Assuming both these unfortunate mutations occur in the same base pair, what is the triplet sequence (codon) for the original Thr and the two mutants? 
Answer: Thr–ACA; Ile–AUA; Arg–AGA 

8.
From DNA sequencing studies the nucleotide sequences of three short adjacent fragments (1, 2, 3) that comprise a short bacterial gene were determined. They are shown below, grouped as codons.
(a) In the blanks below write out the RNA sequences coded by each template strand sequence and show the polarity of the RNA.
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(b) What is the correct order of the three fragments? Explain why there is only one order.


(c) Using the codon chart, write out the amino acid sequence, indicating the amino and carboxy termini of the polypeptide chain. 
Answer: 


(a) 
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(b) 2–1–3; there is a single initiation codon (AUG) in 2 and a stop codon (UGA) in 3


(c) NH2–Met–Cys–Gly–Leu–Ser–Arg–Tyr–Lys–Gly–Cys–Gly–COOH 

9.
A protein that consists of approximately 200 amino acids begins with the following amino acids: Met–Cys–Trp–Ile–Ala. In the questions below, assume each mutation occurred somewhere in one of the five codons specifying these five amino acids. On the chart below, write out the nucleotide sequence of the wild-type polypeptide. Indicate all possible codons for each amino acid.

A mutant induced by a mutagen that causes single-base insertions of purines (A or G) was isolated. The first five amino acids of the mutant are Met–Val–Leu–Asp–Cys. Write the nucleotide sequence of the mutant amino acid sequence on the chart below. If you cannot assign a single codon for a given amino acid, indicate all possible codons. Do not go back and correct the wild-type nucleotide sequence after determining the mutant nucleotide sequence.



(a) Wild-type amino acids:
Met
Cys
Trp
Ile
Ala


Codons:

(b) 
Mutant codons:


Amino acids:
Met
Val
Leu
Asp
Cys



(c) The mutant protein is about half the size of the wild-type protein. Explain why.
(d) Additional mutants that were defective in the gene encoding this protein were obtained from a new strain Y. Strain Y had the following amino acid and nucleotide sequence:
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(i) One set of mutants derived from strain Y produced no polypeptide chain longer than 5 amino acids. Identify the positions in strain Y of all the possible single-base substitutions that could have caused the shortening of the polypeptide chain in these mutants. Justify your answer.
(ii) Another mutant had a slightly different protein: Met–Thr–Leu–Val–Gly. Identify the fewest single-base substitutions in strain Y that could account for the change.

Answer:


 
(a) Wild-type amino acids: Met
 Cys
     Trp
           Ile
     Ala

Codons: 

      AUG       UGU/C      UGG     AUU/A/C
GCU/C/A/G


(b) Mutant codons:
      AUG
GUG
U/CUG        GAU
    UGC


Amino acids:

        Met
 Val
      Leu          Asp
     Cys
(b) The wrong reading frame is being read, and eventually a stop codon is encountered.

(c) (i)
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     (ii)
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10. Five mutants of the tryptophan pathway of E. coli were tested for intermediate 

        compounds that they accumulate at measurable levels when starved for tryptophan. Each 

        mutant belongs to a different gene. The results of the accumulation test are shown below:




Mutant
1
2
3
4
5



Accumulates
B, D, E
B, E
A, C, D
C, D
E



Assuming a non-branched pathway with tryptophan as the end product, what is the order of the intermediates? 
Answer:  




5
2
1
4
3



E  B  D  C  A  tryptophan 
11. Starting with a haploid wild-type strain of yeast (fully prototrophic), a mutational screen obtained large numbers of mutants that were auxotrophic for the amino acid histidine (that is, required histidine for growth). These mutants were tested for their ability to grow on chemicals structurally related to histidine, and it was found that they could be grouped into four classes 1–4. The following diagram illustrates the responses in each class by using one representative strain from each class. (On the petri plates the circles represent a growing colony of cells originating from a small inoculum, and the asterisks represent inocula that failed to grow. The labels indicate what was added to the plates.)




                              L-histidinol          Imidazole



Histidine                 phosphate       acetol phosphate    L-histidinol
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(a) Propose a biochemical pathway for the synthesis of histidine.


(b) Show the relationship between the steps in the pathway and the genes in the four groups of mutants. 
Answer:  



3
2
4
1


(a) and (b)
precursor
 imidazole
 histidinol PO4
 histidinol
 histidine 

12.
V, W, X, Y, and Z are intermediate metabolites in a biochemical pathway, but their relationship in the sequence is not known. Four mutant strains of Neurospora (1–4) were found that have the growth requirements shown below. Also shown below are the results of accumulation tests. Assume all intermediates are able to enter the cell and that each mutant carries only one mutation.



Mutant
Required for growth
Accumulates



1
W only
Small amount of X


                 2              Y only
                                             Small amount of Y



3
V alone or X alone or W and Y
Z



4
X alone or W and Y together
V


Diagram the simplest biochemical pathway consistent with these results, showing the order of metabolites in the pathway and where each mutant blocks the pathway. 
Answer: 
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13.
Mutants 1, 2, 3, and 4 were analyzed and found to accumulate maximally the following compounds:



Mutant
Maximal accumulation



1
Compound A and C



2
Compound B and C



3
Compound D



4
Compound D


The pathway for phenylalanine biosynthesis is given below. Place mutants 1, 2, 3, and 4 at the step in the pathway where each is blocked.
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Answer: 
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14. Mutants of a “primrose” strain of Neurospora were selected on the basis of their requirement for compound B. The following data were obtained from growth tests in which the intermediate metabolites A, C, D, E, and F are supplied singly (all of the metabolites are stable and can enter the cell):  




Growth on metabolites
Maximal accumulation of metabolites




A
B
C
D
E
F
A
B
C
D
E
F


Mutant



1
+
+
0
0
0
0
0
0
+
0
0
0



2
0
+
0
0
0
0
+
0
0
+
0
0



3
+
+
+
0
0
0
0
0
0
0
+
0



4
0
+
0
+
0
0
0
0
0
0
0
+



5
0
+
0
+
0
0
0
0
0
0
0
+



+ = growth
+ = accumulation



0 = no growth
0 = no significant accumulation


Draw a map of the biochemical pathway, with intermediate metabolites in their proper relationship to one another, and the position of each mutation in the pathway. Double-check your answer for consistency with the data. 
Answer: 
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15.
Four steps in a biochemical pathway in Neurospora are shown below. Five single mutants were independently isolated and were shown to be blocked in the following steps. (Capital letters indicate compounds; numbers indicate mutants.)
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Assume that each enzyme is encoded by a single gene, and F is essential for growth.


(a) The mutants are plated on minimal medium plus one of the intermediate compounds. Fill in the following table. Indicate + for growth. Leave a blank if no growth occurs.



Growth on minimal medium and




A
B
C
D
E


Mutant



1



2



3



4



5


(b) Which compound(s) will each mutant accumulate maximally? Fill in the following table. Indicate + for accumulation. Leave a blank if not accumulated maximally.



Maximal accumulation




A
B
C
D
E


Mutant



1



2



3



4



5 
Answer: 


(a)
Growth on minimal medium and




A
B
C
D
E



Mutant



1

+


+



2



+
+



3




+



4




5


+
+


(b)
Maximal accumulation




A
B
C
D
E



Mutant



1
+


+



2

+
+



3

+

+



4




+




5
      +
    +

16.
Mutants of a strain of Neurospora were identified because they require compound F. Each mutant was tested for (1) growth when the intermediate metabolites A, B, and C were supplied individually and (2) the maximal accumulation of each metabolite.



Growth on metabolites
Maximal accumulation of metabolites




A
B
C
F
A
B
C
F


Mutant



1
0
0
0
0
+
0
0
0



2
0
0
0
0
+
0
0
0



3
0
0
0
0
+
0
0
0



4
+
+
0
+
0
0
+
0



5
+
0
0
+
0
+
0
0


+ = growth; 0 = no growth
+ = accumulation; 0 = no significant accumulation


(a) Draw a map of the biochemical pathway, with the intermediate metabolites in their proper relationship to one another. Show the position at which each mutation blocks the pathway. Double-check your answer for consistency with the data.


Two new intermediate metabolites, D and E, were identified. All tests were repeated using these new metabolites. The data are shown below:



Growth on metabolites
Maximal accumulation of metabolites




A
B
C
D
E
F
A
B
C
D
E
F


Mutant



1
0
0
0
0
+
+
+
0
0
+
0
0



2
0
0
0
0
+
+
+
0
0
+
0
0



3
0
0
0
0
0
+
+
0
0
0
+
0



4
+
+
0
0
0
+
0
0
+
0
+
0



5
+
0
0
0
0
+
0
+
0
0
+
0


(b) Using this new information expand the map of the biochemical pathway. 
Answer: 


(a)
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(b)
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17.
Suppose that at stage a in the evolution of the genetic code only the first two nucleotides in coding triplets led to unique differences and that any nucleotide could occupy the third position. Then, suppose there was a stage b in which differences in meaning arose depending upon whether a purine or pyrimidine was present at the third position. Without reference to the number of amino acids or multiplicity of tRNA molecules, how many triplets of different meaning can be constructed out of the code at stage a and stage b? 
Answer: 



stage a: 42 = 16 



stage b: 42  2 = 32 

18.
A gene makes a polypeptide 30 amino acids long containing an alternating sequence of phenylalanine and tyrosine. What are the sequences of nucleotides corresponding to this sequence in


(a) the DNA strand which is read, assuming phe = UUU and tyr = UAU in mRNA?


(b) the DNA strand which is not read?


(c) tRNA? 
Answer: 


(a) AAA ATA AAA ATA, etc.


(b) TTT TAT TTT TAT, etc.


(c) AAA and AUA 
19. The sequence of nucleotides in a mRNA is 5' - UUUACCCAUUGGUCUCGU – 3' 

(a) How many amino acids long would you expect the polypeptide chain made with this  

messenger to be? 


(b) Hydroxylamine is a mutagenic agent that results in the replacement of a G-C base pair by an A-T base pair in the DNA. When applied to the organism making the mRNA shown above, a strain was isolated in which a mutation occurred in the 11th position. 



How many amino acids long would you expect the polypeptide chain made by the mutant to be? Why? 
Answer: 


(a) Six


(b) Three. The mutation results in the replacement of the UGG triplet by UAG, which is a chain terminating codon. 

20.
(a) In the dibubbliomucktase protein of unicorns, you find leucine (LEU) at the 69th position. Different, single-base substitutions derived from wild-type cause other amino acids to occupy position 69, as indicated below: 
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Knowing that each mutation differs by only one base from the wild-type codon for amino acid #69, give the codon for each amino acid, including the one for LEU. 


(b) Another mutation of a single base occurs in the codon for amino acid #69. The mutant dibubbliomucktase has an exceptionally short protein. Give the codon. 
Answer:  


(a)
LEU - UUG
TRP - UGG



SER - UCG
PHE - UUU or UUC



VAL - GUG
MET - AUG 


(b) 
UAG
