
1.  (6 marks) The gene for the horse hormone somatostatin (ten amino acids) is contained in the following within an EcoRI fragment which can be cut out of the larger fragment shown below. EcoRI recognizes the sequence 5’-G^AATTC-3’ and the symbol ^ indicates where the DNA backbone is cut by the restriction enzyme.

5’-GCCGAATTCGATCCTATCAACACGAAGTGAAAGTCTTACAACCAAACATCCGAATTCGATTCG-3’


a. (2 marks) What is the amino acid sequence of horse somatostatin?
Answer: First need to find a 9 codon open reading frame (ORF) starting with and ATG and followed by an inframe stop codon that falls within an EcoR1 fragment. Since there is no 10 codon ORF in the above strand the coding strand (nontemplate strand) must be the strand complementary to the one provided.


the nontemplate/coding strand is:


5’ -CG-AAT-CGA-ATT-CGG-ATG-TTT-GGT-TGT-AAG-ACT-TTC-ACT-TCG
3’ -GC-TTA-GCT-TAA-GCC-TAC-AAA-CCA-ACA-TTC-TGA-AAG-TGA-AGC Met-Phe-Gly-Cys-Lys-Thr-Phe-Thr-Ser


5’ -TGT-TGA-TAG-GAT-CGA-ATT-CGG-C-3’
3’ -ACA-ACT-ATC-CTA-GCT-TAA-GCC-G-5’
-Cys-Stop

N-terminal- Met-Phe-Gly-Cys-Lys-Thr-Phe-Thr-Ser-Cys -C-terminal




b. (2 marks) The direction of transcription of this gene is i) left to right, ii) right to left or iii)
insufficient information.


Answer: Right to left


c. (2 marks) You want to make horse somatostatin in E. coli as a protein fusion (chimeric protein) with a portion of the beta-galactosidase protein at one end (583 amino acids) and the somatostatin protein fused to it. You are provided with three plasmid vectors all with an ampicillin resistance gene and a truncated lacZ gene. The EcoRI fragment for somatostatin can be cloned into the EcoRI site of each vector.


The sequence of a portion of each vector including some pertinent landmarks is shown below. For example the glycine and asparagine residues of beta-galactosidase are amino acids 582 and
583 where counting begins at the amino terminus.
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Gly	Asn	EcoRI
pWR590-1	5’-GGC-AAC-CGGGCGAGCTCGAATTCG-3’

pWR590-2	5’-GGC-AAC-CCGGGCGAGCTCGAATTCG-3’

pWR590-3	5’-GGC-AAC-GGGCGAGCTCGAATTCG-3’

In which of the above vectors should the somatostatin gene be cloned to generate a fusion protein with an A-terminal from beta-galactosidase and a C-terminal from somatostatin?


Answer: (2 marks) You have to clone it into pWR590-3 pWR590-3
5’-GGC-AAC-GGG-CGA-GCT-CGA-ATT-CGG-ATG-TTT-GGT-TGT-AAG-ACT- Gly-Asn-Lys-Arg-Ala-Arg-Ile-Arg-Met-Phe-Gly-Cys-Lys-Thr-


-TTC-ACT-TCG-TGT-TGA-TAG-GAT-CGA-ATTCG-3’
-Phe-Thr-Ser-Cys-Stop



2. (6 marks) One strand of a DNA fragment that includes the coding region of the gene for the horse hormone somatostatin (ten amino acids) is contained in the following.


5'-GCCGATCCTATCAACACGAAGTGAAAGTCTTACAACCAAACATCCGATTCG-3’

You want to make somatostatin in E. coli as a protein fusion (chimeric protein) with a portion of the beta-galactosidase protein at one end (583 amino acids). Describe how you would clone the somatostatin gene into EcoRI and HindIII digested plasmid pWR590-5 using a DNA sample produced by PCR amplification of the DNA fragment indicated above.


582	583
Gly	Asn	EcoRI	HindIII
pWR590-5	5’-GGC-AAC-GGG-CGA-GCT-CGA-ATT-CTA-AAG-CTT-ACG-AAT






nontemplate	5’-CG-AAT-CGG-ATG-TTT-GGT-TGT-AAG-ACT-TTC-ACT-TCG
3’ -GC-TTA-GCC-TAC-AAA-CCA-ACA-TTC-TGA-AAG-TGA-AGC Met-Phe-Gly-Cys-Lys-Thr-Phe-Thr-Ser



nontemplate 5’ -TGT TGA TAG GAT-CGG-C 3’
3’ -ACA ACT ATC CTA GCC-G 5’
-Cys-Stop

Step 1. (4.5 marks) Using the above somatostatin sequence information design two primers to amplify the somatostatin gene ORF flanked by EcoRI and HindIII sites.


Upstream primer
5” GAATTC-AA-ATG-TTT-GGT-TGT-AAG-AC 3’

Note: The blue sequence will hybridize to the template strand of the somatostatin ORF beginning at the start codon. The two black bases are two filler nucleotides that are inserted so that after cloning the EcoRI and HindIII digested PCR fragment into the expression vector plasmid pWR590-5 the somatostatin ORF will be translated in the correct reading frame (the reading frame determined by the lacZ’ gene’s start codon). The green bases provide the EcoRI cut site for cloning.


Downstream primer


3’ -C-ACA-ACT-ATC-CTA-GCC-G-AAGCTT-5”

Note: The blue sequence hybridizes to the nontemplate strand in a a region overlapping the stop codon (Note: the three bases that are complementary to the stop codon are underlined). The green sequence provides the HindIII cut site.


Step 2. (0.5 marks) PCR amplify the somatostatin ORF.


Step 3. (0.5 marks) Digest the PCR amplified somatostatin ORF and the plasmid pWR590-5 with HindII and EcoRI.


Step 4. (0.5 marks) Ligate the HindIII and EcoR1 digested plasmid pWR590-5 and PCR
products and transform E. coli.


3. (3 marks) Mouse cells growing in culture have an S phase of about 7 hours. DNA synthesis takes place at a rate of 2000 base pairs/ minute at each replication fork. If the nuclear genome (haploid) has a has 2.8 billion base pairs, what is the minimum number of replicons that must be operating in each cell during chromosome replication?

Answer:


First calculate the number of base pairs that are replicated by an average replicon during S-phase.


bp replicated by an average replicon
= (2000 base pairs/min per replication fork )X(2 replication forks/ replicon)X(7 hrs X 60 min/hour) = 1.68 X 106 base pairs replicated/ replicon


Second, given that mouse cell are diploid calculate the number of base pairs that need to be replicated in one S phase.


(2.8 X109 base pair/genome) X (2 genomes per cell) = 5.6 X109 bp


Finally divide the genome size by the number of base pairs replicated by an average replicon.


5.6 X109 base pairs of DNA per cell / 1.68 X 106 base pairs replicated/
replicon = 3,333 replicons





4. (3 marks) A portion of a double stranded DNA molecule was subject to the dideoxy DNA sequencing method. Shown below is an autoradiogram obtained using the resulting sequencing gel. Note: in answering part i) and ii) of this question indicate the polarity of any polynucleotides. Also note that the primer used to direct sequencing was
5'-CAATGCACTG-3'.
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i)	What is the DNA sequence as determined from the above result?
5’-  CTAATGGCAGTACGTACAT -3’


ii) Give the five nucleotide sequence at the 5' end of the radioactive molecule that generated the circled band on the autoradiogram.

Answer: 5’-CAATG-3’


This is because all DNA polymerization reactions need a primer the 5 nucleotides at the 5’-end all DNA synthesized in the 4 sequencing reactions must begin with a primer.



iii) Give the five nucleotide sequence at 3' end of the radioactive molecules that generated the largest band.



Answer:
5’ TACAT-3’ where the 3’ nucleotide is a dideoxy thymidine.
5”
