Review Questions - 3

Gene regulation


What is chemotaxis?  Mechanism of chemotaxis.  Role of different proteins involved in response.


Control of cell cycle

 
Role of DnaA, PBP3, FtsZ 

Molecular Genetics

Mutations, Mutagenesis, Mutagens


auxotrophs, prototrophs, wild type, resistant strain* 


Spontaneous mutations and their causes:  transitions, transversions, frameshifts, additions, 


deletions, apurinic, apyrimidinic site*


Induced mutations and mutagens:  base analogs, specific mispairing, intercalation, 


bypass of replication*


Expression of mutations:  forward mutation, reversion mutation, back mutation, 


suppressor mutation:  intragenic and intergenic* 


Point mutation:  silent, missense, nonsense, frameshift*


mutants:  lethal, conditional, selection of mutants


Detection and isolation of mutants:  replica plating, direct selection.  


Penicillin enrichment of mutants


Carcinogenicity test:  Ames test.  


Properties of “Salmonella” mutant that make it useful for the Ames test. 

DNA Repair:


Proofreading.  Excision repair, removal of lesions, photoreactivation, postreplication repair, 


recombination repair, SOS repair.


Which one of these mechanisms is error proof?


Since SOS is so highly error prone, why does a cell use this repair process?

Recombination:


crossing over, general recombination, heteroduplex, site-specific, replicative.


Genotype, phenotype, genome, haploid, diploid, partial diploidy


exogenote, endogenote, merozygote, host restriction.

Plasmids:


Plasmids, replicon, curing, episome, conjugative plasmids, F factor, R factors, 


[Col plasmids, virulence, metabolic : not done this semester].

Transposable elements:


Transposition, transposons, insertion sequence, transposase, composite transposon,


[Tn3 transposition], R plasmids and transposons.  


What is the difference between conservative and replicative transposition?

Conjugation:


F+ X F-, Hfr conjugation, F’ conjugation.


What are the ways in which F+ X F-, F’ X F- and Hfr X F- conjugation differ?

Transformation:


competent cells:  naturally competent, artificially competent.  Is E.coli naturally competent?


What does competence mean in reference to a bacterial cell?

Transduction:


Lysogenic and lytic cycle, lysogeny, prophage, immunity, temperate phage, virulent phage.


Generalized and specialized transduction, transducing particle, [abortive transductants].


[Low frequency and high frequency transduction lysates.  Helper phage.]


Plaques, PFUs.  Lambda as an example to demonstrate the lysogenic and lytic cycle.  

Role of cI repressor in maintaining lysogeny. 

Mapping the genome:


Interrupted mating, conjugation, recombination, transduction, 

Whole-genome shotgun sequencing.


Sequencing:  Sanger’s technique.  Role of ddNTP, primer etc.  Reading of gel .  


How can yo determine the sequence of the original strand that was used for sequencing.


SDM, PCR, 

Some questions from students in the previous semesters.

What are the characteristics of the Genetic code?  

What is Wobble hypothesis?

What is the function of Wobble pairing?

What do you understand by the following terms:

codon, codon degeneracy, start and stop codon, sense and nonsense codons etc?

Why is the genetic code considered degenerate and unambiguous?

What is a conditional lethal mutant?

How is an auxotroph different from a prototroph?  What is a wild type strain?

How is Ames test performed?  What is the purpose of liver extract in Ames test?

What is the importance of penicillin in isolating auxotrophic mutants?

What is the advantage of SOS repair mechanism?

During repair how does the repair mechanism know as to which one is the new DNA?  

What is hemimethylation?

Mention the different ways in which DNA is repaired in the cell.

What is recombination?  Name some ways in which bacterial recombination takes place.

What is the fate of donor DNA once it enters the recipient?

Name 3 different types of DNA transfers in bacteria.

Explain the three different types of bacterial conjugation.

Distinguish between cells that are Hfr, F’, F+, and F-
How is conjugation different from transformation, transduction?

What are plasmids?  How can you cure a cell of its plasmid?**  Name the different types of plasmids.**

What is the difference between an IS element and a Transposon?**

What is a temperate phage?  How is it different from a virulent phage?

Explain phage lambda’s lysogenic and lytic cycle.  What are the factors that promote lysogeny?

What is the role of cI and cro proteins in the life cycle of phage lambda?

How would you distinguish between a lysogenic bacterium and one that is resistant?

(Hint:  immunity to superinfection)

Compare and contrast between generalized and specialized transduction. 

Name the different ways of mapping bacterial genomes.

Name two major differences between chemical and enzymatic synthesis of DNA.  

(Other than restating the question that one is enzymatic and the other is chemical)

What all is important for carrying out a PCR reaction?

Describe Sanger’s method of sequencing.  What is the purpose of ddNTP in the reaction?

Does the reaction require a primer?  Read a sequencing gel.

On what basis are DNA fragments separated on gel electrophoresis?**

What is the main difference between agarose and polyacrylamide GE?**

Write down a 35 base pair long DNA sequence.  Transcribe it to show the mRNA.

Show at least 5 codons, (make sure you include the start codon).  

What is the importance of penicillin in isolating auxotrophic mutants?

Discussion questions from previous semesters

Gene regulation 
Mention the roles of all the different proteins involved in the process of chemotaxis.

How would phosphorylation of Che A be affected by the presence of an attractant?

E. coli cells growing with a generation time of 60 minutes or longer have a discontinuous    synthesis of chromosomal DNA whereas those growing faster have continuous DNA synthesis………..True/false.

What is the role of FtsZ in cell division?

How do cell mass and cell length regulate DNA replication and cell division?

How would phosphorylation of CheA be affected by the presence of an attractant?

Mutation / Phenotypes
1. What is the difference between selection and screening?

2. Name two methods that can be used to isolate an auxotrophic mutant. Which would you prefer to use and why?

3. How can auxotrophic mutants be isolated using penicillin enrichment?

4. What is Ames test? Explain how it is performed. Also mention one important and significant application of this test.  

5. What are the important characteristics of the organism that is used for Ames test?  [In other words:  does it have to be a histidine auxotroph of S. typhimurium?  If you did not have this strain, what characteristics would you use to select an organism to perform the Ames test?]

6. What is the role of mammalian liver extract in Ames test?

7. How does UV light cause mutations?

8. If UV irradiated (1) bacteria (2) phage are exposed to light prior to plating, how will the efficiency of colony/plaque formation change?

9. How do the products of the genes uvrA, uvrB and uvrC help overcome the effects of the thymine dimers?

10. PolA( (polymerase I) mutants show increased sensitivity to UV, but photo reactivation systems in these mutants are normal. Explain this observation.

11. What will be the effects of the following mutants in the E. coli cell?

a) DnaA    b) DnaB   c) DNA Pol III

12. What will be the effect of a mutant sigma 70 in the cell? What advantage is afforded by the presence of more than one type of sigma factor?

13. Differentiate between screening and selection. Which method is usually used to detect: 

a. antibiotic resistant mutants

b. auxotrophic mutants

14. Why did Ames use bacteria as his test organisms even though he was looking for human carcinogens? (Think of advantages that a bacterial system affords).

15. In replica plating, a piece of sterile velveteen with wild type and Lys auxotroph is presses on one plate with complete medium, and another plate with minimal medium(containing no lysine).What result will you see and why?

16. A lysine auxotroph is treated with UV radiation, plated on minimal medium (containing no lysine), and incubated. Several colonies grew on the following day. What are these? Explain.

17. What is penicillin selection? How does this overcome disadvantages in detecting auxotrophic mutants? Is this a screening or selection?

18. What is the role of Penicillin in penicillin enrichment (selection) of mutants? Under which circumstances would you be able to use penicillin selection to enrich for the mutants? Will it be useful to use penicillin selection when wanting to isolate a Lysine auxotroph (starting culture is wild type)? Will it be useful to use it when wanting to isolate a lysine prototroph (starting culture is a lysine auxotroph)? Explain our answer.

DNA repair
1. How does a cell know which strand of the DNA has the mutant nucleotide and which one is the parent strand?  What would be the effect of defective Mut S, H and L proteins?  In mismatch repair, what is the role of DNA polymerase I and DNA Ligase?

2. How does SOS repair occur? Why do the cells keep this as a last resort?

3. What is the role of Lex A protein in an E. coli cell?  What would be the effect of a defective Rec A on SOS repair?

4. Explain how RecA helps in DNA repair.

5. E. coli undergoes an error free DNA repair mechanism known as _____________ that requires the enzyme ___________. This enzyme repairs by ____________________. (Give a BRIEF description of how it works).

6. How does the mismatch repair know which is the wrongly inserted base? Which protein performs this function? What are the other proteins involved and how do they affect mismatch repair?

7. Why is SOS repair a last resort for the cell? Explain how the two important proteins in this repair, LexA and RecA function? Is this system error free or error prone?

8. What are the two types of excision repair? Identify the important proteins/enzymes involved and their functions.

9. In photo reactivation in e. coli, which enzyme is involved in the removal of the lesion during repair? Is this activity present in humans? Why is photo reactivation considered error-free?

Microbial genetics
Conjugation / Transformation
1. What is the difference between homologous and site specific recombination? 

2. Which of these has a requirement of RecA?

3. In bacteria, recombination is usually-

1. Meiotic

2. Homologous

3. Non-reciprocal

4. Reciprocal

4. What are transposons? How does replicative transposition differ from conservative transposition? Which category of recombination do conservative and replicative transpositions belong to?**

5. In which case does the a) transposons get replicated b) target sequence get replicated?**

6. Transposition is an example of:**

a. Homologous recombination

b.Site-specific recombination

7. Why would you prefer to use a double mutant when performing a recombination assay?

8. What is complementation analysis? How is it different from recombination? Which method can you use to find out if two given mutations are on the same or on different genes? Explain.

9. What are plasmids? They are not essential for a bacterial cell’s growth, yet are tolerated by the bacteria. Why? (Hint: What are the advantages offered by the plasmid to the host?)

10. What do you mean by curing plasmids? What will be the consequence of growing a culture of E. coli (with a plasmid) at 42 deg. C without any selection being applied?

11. What are the three means of gene transfer in bacterial systems? Which one will be affected if there is DNAse in the medium? Why? Why won’t the others be affected?

12. Give one major difference between a F+, F’ and HFr cells.

13. In an Hfr and F- conjugation between auxotrophs, prototrophs were found.  Given below are four choices that could explain the occurrence of these. Check those that apply.

· Recombination.

· Complementation.

· Both recombination and complementation.

· Insertion of newly gained DNA into the genome.

14. Transfer of genetic information by uptake of a naked DNA molecule from the environment is called ______________________. In order to take up a naked DNA molecule, a cell must be _________________, which may occur only at certain stages of in the life cycle of the organism.

15. Which of the following has NOT been used to map chromosomal locations of bacterial genes?

(a) Hfr ( F- conjugation
(b) F’ ( F-  conjugation
(c) F+  ( F- conjugation
16. Which of the following is true about Hfr ( F- matings?

1. The recipient can become F+  (of Hfr) if the mating lasts long enough for the entire bacterial chromosome to be transferred.
2. The recipient usually remains F- because the connection usually breaks before the entire bacterial chromosome can be transferred.
3.  The recipient may become F’ if more than half of the plasmid is transferred.
4. All of the above are true about Hfr ( F- matings.
17. Which of the following represents the best description of host restriction?

· The inability to take up an exogenote during transformation

· The inability to integrate an exogenote into the host chromosome.

· The degradation of an exogenote by host nucleases.

· The inability to express the genes located on an exogenote.

18. How is the mechanism of transformation different in S. pneumoniae, H. influenzae and E. coli?  

       Which of these is/ are naturally competent? Which of these requires specific competency 

       factors? Which of these depends on a specific nucleotide sequence to be present in the donor 

       DNA to be taken up?

19. State True/ False-

A plasmid that can exist independent of the host chromosome but that cannot be integrated into the host chromosome is called an episome.

20. Give two means of obtaining artificial competency in cells.

21. What is chromosome mapping based on? What is the role of Hfr x F-  conjugation in chromosome mapping? How are co transformation and co transduction used in chromosome mapping?

22. Draw a figure of the E. coli chromosome with f factor inserted in it. Show the site of transfer, direction and order of gene transfer.

Phages, Transduction

1. Mention the important difference between generalized and specialized transduction.

2. Give one advantage of the bacteriophage going into lysogeny.

3. The condition where a lambda virulent will infect a lambda lysogen is called __________.

4. Be familiar with the life cycle of phage lambda (both lytic & lysogenic cycle). Define the terms- 

    prophage, lysogen, temperate phage, and virulent phage? What is the difference between 

    temperate phage and a virulent phage?

5. Would you expect  Lambda lysogen to be infected by another phage particle with lambda       

    immunity? Briefly explain your answer.

6. What is the role of cI and cro protein in the life cycle of lambda?

7. Specialized transduction (using phage lambda) results in defective lambda phage that carries 

    bacterial genes. What are the different fates of the bacterial genes in the recipient?
Recombinant DNA Technology (RDT)
1. What is the role of ddNTP’s in DNA sequencing? What would happen if you used a large amount of ddNTP in your reaction mix?

2. True/False……The mix with ddATP produces fragments that have T as the last nucleotide.

3. In DNA sequencing, if you read the sequence of newly synthesized strands from the longer 

            fragments to the shorter fragments, what is the polarity (5’-3’ OR 3’ – 5’).

4. What are restriction enzymes?** Why do bacterial cells have restriction enzymes?**

5. In the process of chemical synthesis of a DNA oligonucleotide, the nucleotide ________ (3’/5’) end of the chain is attached to a solid support, a specially activated nucleotide derivative is added to the _____ (3’/5’) end during each cycle.

6. List the components of reaction mix in PCR.

7. During one PCR cycle, in step 1, the purpose of heat is __________ ; in step 2, the purpose of  lowering temperature is __________, and the prerequisite is _________ (describe amount) of primers; in step 3, _________ is used to extend the primers and synthesize copies of the target DNA using ________.

8. What would happen in case that there is less number of primers in PCR reaction mix?

9. What is the advantage in using site-directed mutagenesis over using chemically modified 

       individual amino acid, in the study of protein function?

Genomics

1. Define genomics, proteomics.

2. True/False
Shot-gun sequencing is a technique used for the whole genome sequencing.
3. What is functional genomics?  What is the role of DNA chips in genomics?  

