Review Questions-2
Energy and Metabolism 


ATP, its role in metabolism, generation of ATP by different mechanisms.


Mention the number of high energy bonds in each of the following molecules:

 
ATP;
 PEP;
 1,3 BPG;
ADP;
AMP


catabolism, anabolism, endergonic, exergonic reactions.  


Redox reactions*.  Role of electron carriers:  NAD+, NADP+, etc


Enzymes*: mechanism of action, effect of environment, inhibition, regulation.


Overview of metabolism


Glucose to pyruvate: Glycolysis, Pentose Phosphate pathway**


TCA cycle, ETC:Oxidative Phosphorylation, anaerobic phosphorylation.


Fermentation:  organic e- acceptors, their role.  


How is NAD+ regenerated in: Oxidative phosphorylation, fermentation?

 
Why is it necessary to regenerate NAD+?


Photosynthesis (Calvin/Dark cycle), Gluconeogenesis


Organization of synthetic pathways 

DNA structure & replication 


Explain the flow of genetic information in a diagram.  (Include the exceptions if any).


How did Griffith’s expt with S. pneumoniae demonstrate the transformation of non-virulent strain


to virulent strain.  


Be familiar with the double helical structure for DNA. 


Know the structures of DNA, RNA and proteins.


What polarity do the strands have?  What bond is it between complementary N-bases?


What are Chargaff’s rules?  Can these be used for single stranded polynucleotides?


For different DNA forms - A, B, and Z forms, which are right- handed? Which are left- handed? 

 
What is the role of Z form, if any, in human beings?

 
Complementarity rules, H-bond, covalent bond, phosphodiester linkage (Sugar-Phosphate backbone),    

 
antiparallel, 


Name the bond that links adjacent nucleotides (in the same strand) in nucleic acids

 
Peptide;
Beta(1->4) glycosidic;
5’-3’ phosphodiester ;

hydrogen bond

 
What is the most common form of DNA found in cells? What are the other forms?

 
What gives Z DNA its zig- zag structure?

 
Which of the following are true about the structure of DNA?

a.  Purine and pyrimidine bases are attached to the C1 of the deoxyribose sugars

b.  The bases extend towards the middle of the cylinder formed by the two chains

c.  The bases are stacked on top of each other in the center with the rings forming parallel planes

d.  All of the above are true.


How did Messelson and Stahl prove that DNA replication is semi conservative?


How many replicons does E. coli have?  

 
Is the chromosomal DNA replication bidirectional in both prokaryotes and eukaryotes?


Both DNA replication and transcription proceed in the 5’ to 3’ direction.

 
Mention one important difference between DNA polymerases and RNA polymerases with 

 
respect to initiation of polymerization.

 
True / False:  Many prokaryotes have only one origin of replication per DNA molecule, 

 
while most eukaryotes have multiple origins per DNA molecule.

 
What is required in the initiation of DNA replication?

 
What is the origin of replication?  What characteristic elements does it contain?


What is the role of: Ori C, DnaA, Dna helicase, DNA Pol I, and Pol III in chromosomal DNA 

 
replication in E. coli?  

 
Why do you need a free 3’-OH for chain elongation?

 
E. coli DNA Pol III: core and holoenzyme.  What are the different subunits and what are their functions?

 
Which subunit accounts for polymerizing? Which subunit accounts for 3’- 5’ exonuclease 

 
activity?  Which subunit accounts for processivity?


What is proof reading?  How would DNA replication differ in a cell with a mutant epsilon subunit?


What properties do DNA polymerase I and III share? 


Which property is unique to DNA polymerase I?

 
Why is DNA polymerase I considered “distributive” and polymerase III “processive”?

 
What is the main difference between how the leading strand is synthesized and how the lagging strand   

 
is synthesized?


What are Okazaki fragments?  How and why are they formed?

 
What is the role of beta clamp?  Is it a part of the core polymerase, or of the holoenzyme?

 
In leading strand synthesis, DNA pol III can proofread the newly formed DNA; this function is 

 
performed by ________ subunit of the enzyme.  It recognizes errors, removes the wrong nucleotide 

 
through ____ to ___ exonuclease activity.

 
E.coli makes an error of only 1 in 1010 bp during DNA replication. What accounts for this extreme fidelity?

What are the functions of the following molecules in the replication of E.coli genome:

DnaA

DnaB

DnaC

SSB

DNA topoisomerase I

DNA gyrase

DNA primase

DNA ligase

DNA pol I

DNA pol III (holoenzyme)

 
What are the important functions of telomerases?  Are they necessary in prokaryotes?

 
  Would it help E. coli to have telomeres?  Explain. 

 
What is semi – conservative replication? What is bidirectional replication? How many 


replicons does the bacterial chromosome have?

 
dNTP’s provide energy for chain elongation during replication.
True/False.

 
What is the role of Type I and Type II topisomerases?


How would you distinguish between template DNA and newly synthesized DNA?

 
Gene organization in Phage PhiX174 is rather unusual.  What is it that makes it so 

 
unusual?**

 
Tau and gamma subunits of DNA PolIII holoenzyme are a product of the same gene, dnaX.  

 
This is an example of one gene 2 products: How do you think these are formed?  

 
[Dr. Walker’s work on DNA replication! Result of ribosomal frame shifting]

 
Draw ds DNA.  Use each of the two strands, strand 1 and 2 as template strands. 

 
Fork movement is from left to right for strand 1.

 
Strand 1 : 3’ _______________________ 5’

 
Strand 2 : 5’ _______________________ 3’

 
Which strand is the template for the synthesis of the leading strand? Which one is the 

 
template for the synthesis of the lagging strand? Name the proteins/ enzymes required for the 

 
synthesis of the leading strand. Name the proteins/ enzymes required for the synthesis of the 

 
lagging strand.

 RNA structure & transcription

Structure of m, r, t RNAs.


Special features of tRNA:  Unusual nucleotides, H-bonded, ds regions.

 
What kind of effect will be observed in cells that contain a mutant sigma 70 factor 

 
(the predominant sigma factor in the cell)? Explain your answer.

 
How many RNA polymerases do the prokaryotes have?  How many do the eukaryotes have?

 
What do you understand by the term Ribozymes?  Mention some functions of the ribozyme.
 
What is the role of sigma factor in transcription?

 
What is the advantage of having more than one sigma factor in a cell?
 
What is the role of different subunits of E. coli RNA polymerase in transcription? 

 
What is the difference between core polymerase and holoenzyme in case of RNA  

 
polymerase?


Define promoter and terminator with respect to transcription. 


Pro/Eukaryotic promoters: -35, -10, +1 start site; TATA box, CAAT, GC box; operators.  


What are transcription start site, and termination sites?

 
Pribnow box is situated at the _________ region. (Give position on DNA with respect to 

 
transcription start site).

 
What are the two important types of termination of transcription?

 
The promoter is the region of the DNA to which ____________ binds.  (DNA Pol/ RNA Pol/ 

 
ribosome).  Select the best answer.
 
What is the difference between rho dependent and rho independent terminators? 


Describe the difference between Prokaryotic and Eukaryotic mRNA.


Post transcriptional modifications, post translational modifications.*
 
Mention which step of transcription is inhibited by: rifampicin, streptolydigin? 

 
Write down a 20 base pair long ds DNA sequence (include the promoter region: -10, +1).


Label its 5’ and 3’ ends on both the strands.  Transcribe this DNA fragment.  Label the 5’


and 3’ ends of the transcript.

Translation
 
What is the role of all 3 RNAs in translation?  
 
Is DNA directly involved in translation?


What is meant by the term: coupled transcription and translation?

 
Coupled transcription and translation takes place in _________(prokaryotes/eukaryotes).

 
Think of differences between prokaryotic and eukaryotic mRNAs.

 
What are the different steps and factors involved in all three processes: initiation, elongation and 

 
termination of translation?

 
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 the difference between a monocistronic and a polycistronic message?

 
What is the role of leader sequence, terminator sequence and trailer sequence?


What is role of initiator tRNA -  Met or fMet tRNA? 


Why would you expect to find fMet ONLY at the amino terminal of the polypeptide and 


not at the C-terminal or in the middle of the polypeptide chain?  

What is the significance of Shine Dalgarno sequence?  At which step does it play a role?

 
The Shine-Dalgarno sequence is a stretch of nucleotides present on the 

5’ end of prokaryotic mRNA

5’end of eukaryotic mRNA

5’ end of 16s rRNA

3’ end of 16s rRNA


What is the role of amino acyl tRNA?  


What is the role of aminoacyl tRNA synthetase?  

 
Why is the proof-reading activity of the amino acyl tRNA synthetases significant?


What catalyzes the transpeptidation in translation?

  
There are 61 codons that specify amino acids. These are called ______________ codons. 

 
The three codons, UAG, UGA and UAA, which do not specify amino acids, are called 

 
________________ codons and cause termination of ___________.

 
Is the leader sequence of the mRNA translated?  What is its function?

 
Be familiar with the structure of ribosome.  What is the role of 16 S rRNA in translation?

 
The ribosome has three sites for binding tRNA molecules. The initiator tRNA binds at the 

 
________________________ site; the subsequent incoming tRNAs are positioned in the 

 
________________________ site.

  
RNA is transcribed in the ____________ direction.  Proteins are synthesized from the 

 
_________ end to __________ end.

 
If the mRNA first sits on the small subunit of the ribosome, why is the larger subunit needed? 

 
Indicate all the energy requiring process in this process.

 
What are the roles of EF- Tu and EF-Ts?  Which one of these directly participates in the step 

 
of elongation during the process of translation?

  
What is the role of peptidyl transferase in the step of elongation during the process of 

 
translation?


What are the roles of the release factors in translation?


Are sigma factors needed for transcription or translation or both? 

 
Mention 2 inhibitors of prokaryotic protein synthesis.

 
Erythromycin and tetracycline function by inhibiting protein synthesis.  In that case, are these 

 
antibiotics also toxic to us (humans) when we take them?  Explain your answer.

 
Mention ANY ONE important difference between prokaryotic and eukaryotic RNAs.

 
The major function of the 23SrRNA in the larger subunit of the ribosome is ___________.

 
Consider a hypothetical situation in which the cell has N, formyl lysine. Can this modified 

 
amino acid be incorporated in growing polypeptide chain?  If it can, will it still produce a full 

 
length polypeptide or will it be a truncated product?  What will be the situation in the case of 

 
a N-formyl alanine?  Explain your answer. (Consider all other conditions in the cell normal. 

 
Clue: The question does not deal with the structural or functional implications of this 

 
polypeptide).


Know some inhibitors of DNA replication, transcription and translation.


Where do replication, transcription, and translation take place in prokaryotes/eukaryotes?


What are main differences / similarities between prokaryotic and eukaryotic ribosomes?


Be familiar with the structure of initiator tRNA.  Why does initiator tRNA function only in 

 
initiation, instead of elongation?

 
What is the difference between monocistronic and polycistronic mRNA?  Sketch a figure to  

 
show the difference between these messages being translated by several ribosomes at the 

 
same time.

 
Define polysomes (polyribosomes)?


What is the function of molecular chaperones?  

 
What are molecular chaperones?  Are they present in both eukaryotes and prokaryotes?

 
Why are these referred to as “heat shock proteins”?  


Why are they found to be up regulated during heating or other stressful conditions?

 
 Chaperones DnaK, DnaJ bind to nascent polypeptides. What is their function here?

 
What is the role of sigma 32 in heat shock?


What is protein splicing?


In protein splicing, inteins are regions of the polypeptide that are _________ and exteins are 

 
the regions that are _________.

 
Given below is a 20 bp long ds DNA molecule

 
ATCGCATGGCTACTGCATAG

 
TAGCGTACCGATGACGTATC

 
Label the 5’ and 3’ ends.

 
Transcribe this DNA sequence to give the sequence of the mRNA.  Indicate the template  

 
strand (top/bottom) you used to obtain this RNA.  Label the5’end of the mRNA.

 
Translate this mRNA to give at least three amino acids in tandem.


What are the different steps in: (a)  DNA replication; (b)  Transcription; (c)  Translation?

 
Label the figures for all processes, showing all the proteins, enzymes involved in these. 

Gene regulation 

What are the different levels at which genes can be regulated?


How is the regulation at enzyme activity different from that at transcription / translation level?

 
How is phosphofructokinase regulated?  Mention 2 chemicals that can regulate the activity of PFK.


How are the genes regulated at the mRNA level?

 
Define operon.  

 
Describe induction and repression.


Negative / Positive control:  Induction, repression.  Lac/Trp operons.  Maltose regulon.


The synthesis of mRNA is controlled by ___________.  These molecules are the products of 

 
regulatory genes. The repressor binds to a specific site on DNA called ______.

  

Give two examples of genes/operons that are under negative regulation.


Repressors: active, inactive. 


Diauxic growth phase in presence of both glucose and lactose?

 
What is the role of repressor and operator in gene regulation?

 
What is the role of cAMP, CRP, CAP, adenyl cyclase in regulation the lac operon?


What are constitutive mutants?

 
What would be 2 ways to express lac / trp operon constitutively?

 
How would a mutant trpR behave under different levels of trp concentration in the environment?


Attenuation in biosynthetic pathways.  Its importance, esp wrt Trp operon.

 
What is the role of trp- tRNA, trp - tRNA synthetase in regulationof trp operon by attenuation?


Attenuation takes place in prokaryotic/eukaryotic cells.  (Circle the correct answer)


What is the role of DNA binding proteins in gene regulation?  

 
Why do most prokaryotic regulatory proteins have a helix turn helix motif?  How does this folding 

 
pattern help in recognizing the regulatory site?


Global regulation: by different sigma factors.


Quorum sensing as an example of global gene regulation in: bioluminescence of Vibrio fischeri,

 
biofilms formed by P. aeruginosa.  [refer Brock].

 
What is the role of sigma factors in gene regulation?

 
How are the levels of sigma 32 regulated in E. coli?


How is sporulation regulated in B. subtilis?


How is the synthesis of molecular chaperones regulated?

 
Define anti-sense RNA. What is its role in regulating gene expression?


Chemotaxis**

 
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?


Control of cell cycle**

 
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?


In positive control, when cAMP is absent or present at low level, the CAP protein remains

    ________ (active/inactive), and does not bind to the _________.  Thus RNA polymerase does 

 
not bind to the __________ and transcribe the genes in that operon.

 
True / false: In inducible systems, the repressor protein is active until bound to the inducer, 

 
where as in repressible systems, the repressor is inactive until bound to the corepressor.

 
 Define attenuation and attenuator.

 
Where is the leader region located?  What does it contain? 

 
What is the role of leader peptide in the control of transcription?

 
In the leader region of trp operon what is the consequence if-

 
a) mRNA segment 1 and 2 pair to form a hairpin, and segment 3 and  generate a second 

 
hairpin loop.

 
b) Segment 1 is prevented from base pairing with segment 2, segment 2 associates with 

 
segment 3, and segment 4 remains single stranded?

 
Describe the control of tryptophan operon function by attenuation in the following cases:

 
a) No translation of mRNA

 
b) Tryptophan available to form trp - tRNA

 
c) Tryptophan absent/present in low amounts

 
What is catabolite repression?  Why is a biphasic growth curve observed when bacteria are 

 
grown in the presence of glucose and lactose?

 
Is the control of the lac operon by the catabolite activator protein (CAP) an example of 

 
positive or negative regulation?

 
Distinguish between negative and positive regulation.

 
Draw the diauxic growth curve of e. coli grown in the presence of both glucose and lactose. 

 
Why does E. coli use lactose only after it has used up the glucose present in the medium?

 
How does the attenuator help in regulating the expression of the Trp operon in low levels of 

tryptophan?

 
Use of different types of sigma factors by the cell is a means of global regulation of genes. 

 
Explain taking any example discussed in class as a model.

 
Mention the role of sigma 32 in the formation of heat shock proteins to protect the cell from 

 
thermal destruction.
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