CH1010

Tutorial  9 Answers

1.
Provide the codons in the DNA template and mRNA transcribed from it for the following decapeptide:

YNLIGAACPH
(  Make sure that you include a start codon and a stop codon.

Peptide: 
                   Start   Tyr   Asn    Leu    Ile    Gly    Ala    Ala    Cys   Pro   His     STOP
mRNA:
                 AUG UAU AAU  CUU AUU GGU GCU  GCU  UGU CCU CAU  UAA
DNA template:   
    TAC  ATA TTA  GAA TAA CCA CGA  CGA  ACA GGA GTA  ATT

There are many other possibilities as none of these AAs are coded by 1 codon only, there are 6 triplets for Leu for instance.. There are 3 STOP codons (UAA, UAG, UGA).

2.
List 3 different types of mutations and illustrate the mutations using base codes based on the nucleotide fragment from a DNA coding strand: ACTAAAAGTGTT    
(
How would these mutations be fixed genetically?

ACT AAA AGT GTT    coding strand      =  ACU AAA AGU GUU in mRNA

   Thr   Lys    Ser  Val  


Point:

ACU AAU  AGU GUU
- codes now for Asn
Insertion:
ACU AAA AAG UGU U   - frame shift mutation, codes now for Lys, Cys 
Deletion:
ACU AAA GUG UU          - frame shift mutation, Val
Silent point: 
ACU AAG  AGU GUU
- still codes for Lys

Mutations are fixed in DNA by base excision repair (BER).
  1a) a DNA glycosylase recognises the damaged base and hydrolyses the N-C glycoside bond between the base and the deoxyribose sugar, then flips out the base.  
  1b) An endonuclease + exonuclease then clips the backbone O-P (5’) and O-C( 3’) linkages removing the sugar-phosphate. 
  2a) A DNA polymerase then accepts a replacement undamaged nucleotide and joins it to the existing DNA fragment.
  2b) DNA ligase then joins the nick in the backbone. 



3.
PCR methods are widely used in molecular biology and DNA fingerprinting. Describe how PCR

may be used in DNA fingerprinting if there is very little DNA available.

(  You will need to use your book and WEB and other resources to answer this question fully.


Due to genetic recombination (1 set of chromosomes from each parent) each individual human has a unique total DNA base code – genome (except identical twins).  To make use of this in DNA fingerprinting a sample containing cells is extracted from the crime scene and the cells broken down, centrifuged to obtain the nuclear contents and the extracted DNA cut into pieces using restriction endonucleases. These are bacterial enzymes that recognize specific foreign DNA sequences and cleave both strands of DNA at the binding site producing large fragments.
   eg. EcoR1 recognises GA*ATTC and cuts at *.
 In the human genome there are sections of code that are highly variable which are referred to as hypervariable regions. These hypervariable regions contain many short repeating non-coding DNA sequences. Each person has a different number of these short repeat sequences, which are referred to as variable number tandem repeats (VNTR or Short Tandem Repeat loci STR) and it is therefore these VNTR regions that are cut out using restriction endonucleases.  In the US 13 core VNTR are used.  
If there is a lot of DNA then these fragments are separated directly using electrophoresis.
If there is a small amount of DNA then the fragments are amplified using Polymerase Chain Reaction. 
PCR
Into a PCR Thermocycler is placed DNA fragments, Taq polymerase and the 4 DNA nucleotides.
1)  Denature: the fragment is unwound to form 2 template strands at 95oC for a couple of minutes.  
2) Anneal: Two primers (around 14 nucleotides long) are added at 50oC and hydridized with the templates.
3)  Synthesize: The temperature is raised to 72oC and Taq polymerase extends the chains from where the primers stop using available nucleotides.
    There are now 2 complete copies of the DNA fragments.  Now loop back to 1. 
 After 25 cycles there will be enough DNA (225 copies) from 1 hair follicle to carry out a separation of the fragments. Around 30 cycles can be carried out in an hour and so from 1pb ( 1ug can be obtained using the usual 106 amplification. 
Separation
Agarose gel electrophoresis is used to separate the fragments based on size. The small fragments travelling quickly the large ones slowly. 
Hybridization by the Southern Blot method 
In hybridisation complementary DNA sequences will hydrogen bond to a target (probe) fragment.
The DNA fragments from the gel are transferred to membrane filters (by blotting), melted to separate into single DNA strands and then hybridised with radioactive probe DNA.  The non-hybridised probe DNA is removed.  The bands that have hybridised with the radioactive probe DNA are visualised by exposing the membrane filter to X-ray film.  The DNA fingerprint is a set of 25 – 60 DNA bands that are unique to the individual.

4.
Why are Okazaki fragments required during DNA replication? Explain how they are involved 
 
in the synthesis of a new DNA chain.

DNA replication occurs in 6 major steps: opening superstructures (chromosomes), relaxing higher DNA structures (supercoil DNA), unwinding (DNA double strands), complexation of primers (lagging strand synthesis),  DNA polymerase syntheses, ligation (Okazaki fragments joined). The protein machine that carries this out is called a replisome which contains all the enzymes required for the process.

In the unwinding of DNA two strands are formed a leading strand (5’ ( 3’) and a lagging strand (3’ ( 5’).  The DNA polymerase has two sliding clamps which move along the unwound DNA strands (powered by ATP). In the leading strand then synthesis proceeds in a continuous manner towards the replication fork as the template unwinds in the direction 5’ ( 3’  (only 1 RNA primer is needed at the start for the entire strand).  DNA polymerase III is a homodimer, there are two cores that carry out the DNA polymerisation.  Leading strand synthesis occurs at one polymerase core.
In the lagging strand synthesis the complexation of a short stretch of nucleotides primers (RNA) occurs once every second at the replication fork (catalysed by primase).  Another 200 nucleotides are added – in the 5’ ( 3’ direction (the Okazaki fragment) using the other core of the DNA polymerase III. This is running in the opposite direction to the leading strand synthesis, away from the replication fork. Once this core reaches the previous primer section the core releases from the template and returns to the new primer to begin the synthesis of another Okazaki fragment.  The requirement for primers and the building of Okazaki fragments is that the DNA polymerase works only on a growing chain in the direction  5’ ( 3’. The lagging strand runs  5’ ( 3’ therefore if nucleotides were added in the same direction as leading strand synthesis the would run   3’( 5’ which can’t proceed.   This is overcome by building in short stretches in the reverse direction and then DNA polymerase I removes the RNA primer nucleotides and DNA ligase to join the fragments together making the DNA backbone continuous on the lagging strand.   



































































