Organisation and Control of Prokaryotic Genome
1. Describe the structure of bacterial chromosome, including the arrangement of DNA within bacterial cells. [6]
2. Compare the structure and organisation of prokaryotic and eukaryotic genomes. [6]
[Tutorial] Describe how bacterial/ prokaryotic chromosomes differ from eukaryotic chromosomes in terms of structure and organisation. [6]  
11/2/9a Compare the structure of prokaryotic and eukaryotic genomes. [6]
3. Describe the differences between transcription and translation in prokaryotes and eukaryotes. [8]
4. Describe the process of binary fission, transformation, transduction and conjugation in bacteria and explain the role of F plasmids in bacterial conjugation. [10]
[TPJC 2013/ DHS 2014] Describe how horizontal gene transfer can occur in prokaryotes. [8] 
[Tutorial TJC 2011] Outline the processes of binary fission and transduction in bacteria and briefly explain their significance. [6] 
[NYJC MYE 2016] Explain the role of the F plasmids in bacterial conjugation. [8]
[NYJC MYE 2016] Suggest the advantages of conjugation as compared to transduction. [4]
[NYJC MYE 2014] Compare and contrast between transformation and conjugation in bacteria. [5]
5. [NYJC 2015] Explain how genetic variation in bacteria could have arisen. [8]
[MJC 2014] Describe how the involvement of bacteriophages increases genetic variation of a bacterial colony. [7]
6. Distinguish between structural and regulatory genes. [6]
7. [SAJC 2013] Distinguish between the repressible and inducible systems of gene regulation (Hint: use trp and lac operon as examples). [6]
8. Describe the concept of a simple operon (Hint: include positive & negative controls). [8]
[N07/P2/Q9] Describe the main structural features of the lac operon. [8]
9. [N07/P2/Q9] Explain how the presence of lactose in the growth medium switches on the lac operon. [8]  
[N10/P2/Q8a] Describe how the prokaryote, E.coli, is able to respond to varying concentrations of lactose. [6]
[NYJC 2015] Describe how the prokaryote, E.coli, is able to respond to varying concentrations of lactose and glucose. [8]
10. [Tutorial N07/P2/Q9] Suggest why operons are necessary in bacteria. [4]  
11. Outline the differences between prokaryotic control of gene expression with the eukaryotic model. [12]

Organisation and Control of Eukaryotic Genome
12. [AJC 2008] Describe the structure and function of portions of eukaryotic DNA that do not code for protein or RNA (Hint: refer only to intron, centromere, telomere, promoter, enhancer and silencer). [15]
CJC/08 Describe the structure and function of the parts of a eukaryotic chromosome. You may wish to include a diagram as part of your description. [10]
[Tutorial] Describe the significance of the portions of eukaryotic DNA that do not encode for protein or RNA. [8]
[NYJC 2015 MYE] Outline how the structure of non-coding DNA sequences in eukaryote is related to its specific function. [8]
[N11/P2/Q9] Describe the roles of telomeres and centromeres. [6]
[NYJC 2013 MYE] Describe the structure and function of the centromere and telomere. [8]
[Tutorial] Define control elements and explain how they influence transcription. [10]  
	[NYJC MYE 2016] Compare and contrast the viral genome and the eukaryotic genome. [8]
13. [MJC 2014] Discuss the roles of telomeres and telomerase in enabling the functions of stem cells. [8]
[SRJC/ PJC 2010] Describe the function of telomerase and explain why its expression is necessary in a named cell type in the human body. [8]
14. Describe the process and significance of gene amplification. [8]
[NYJC 2014 Prelim] Describe the processes and significances, with relevant examples, of gene amplification in eukaryotes. [7]
[NYJC 2016 Prelim] With named examples, describe the process and significance of gene amplification in cells. [6]
15. Describe the various levels at which gene expression may be controlled in eukaryotes. Specific examples may be quoted to substantiate your answers. [15]
[NYJC 2010] In addition to control elements, describe how the rate of transcription is regulated [6]
[SAJC/ PJC 2010] Describe the eukaryotic processing of pre-mRNA. [6]
[RJC 2008] Discuss how regulation of gene expression can occur at the translational and post-translational level in a eukaryotic cell. [8]
[NYJC 2013 MYE] Outline the significance of post-translational modification of eukaryotic proteins. [6]
***[2013 H2 P2] Outline the differences between prokaryotic control of gene expression with the eukaryotic model. [10]
[AJC 2008] Compare and contrast the control of gene expression in prokaryotic and eukaryotic cells. [6]
16. [Tutorial] Comment on the need for a higher-level genome organization in eukaryotes. [5]
17. Describe how mutations in proto-oncogenes and tumour suppressor genes may result in cancer. Specific examples must be quoted to substantiate your answers. [6]
[NJC 2014] Describe the functions of common proto-oncogenes and tumour suppressor genes and explain how loss of function mutation and gain of function mutation can contribute to cancer. [6]
18. [HCI 2014] Describe why the development of cancer is a multi-step process. [8]
19. [TPJC 2010] Explain how one named factor increases the chances of cancerous growth. [4]


Organisation and Control of Prokaryotic Genome
1. Describe the structure of bacterial chromosome, including the arrangement of DNA within bacterial cells. [6]
2. Compare the structure and organisation of prokaryotic and eukaryotic genomes. [6]
[image: ]
[Tutorial] Describe how bacterial/ prokaryotic chromosomes differ from eukaryotic chromosomes in terms of structure and organisation. [6] Same as above
[NJC Prelim 2010 H2 P2][N
	Compare the structure and organisation of prokaryotic and eukaryotic chromosomes.  [9]			

	Answers:
	
	Prokaryote
	Eukaryote

	Structure
	1. Single, circular chromosome (double stranded DNA)
	1. Multiple linear chromosomes (d/s DNA) 

	
	1. located in nucleoid region
	1. Located in nucleus (bound by double membrane of nuclear envelope)

	
	1. Absence of Non coding Sequencing: E.g. no telomeres since circular chromosome will not encounter end replication problem.
	1. presence of telomeres @ ends of chromosomes, telomere shortening, with end replication problem

	
	1. multiple extra-chromosomal plasmids
	1. chloroplast DNA &/or mitochondrial DNA

	
	1. genome is smaller in size of  (105 to 107 base pairs)
	1. genome is larger in size (107 to 1011 base pairs)

	
	1. DNA (-ve charged molecule), associated with histone like proteins (+ve charged) forming loops of DNA & Supercoiling 
(Condensation of genetic material is less elaborate)
	1. DNA (-ve charged) wound around octamer of histone proteins (+ve charged) forming Nucleosome,  folding into chromatin fiber (solenoid)
(Condensation of genetic material is less elaborate)

	Organisation
	1. genes (coding regions) organised into operons
	1. genes not organised into operons, can be located on diffrent chromosomes

	
	1. several structural genes under influence of single promoter
Or
Several protein coding genes are usually arranged in an operon. 
	1. 1 structural gene controlled by 1 promoter

	
	1. polycistronic  many proteins are encoded by 1 mRNA, many genes controlled by a single promoter
	1. monocistronic  1 mRNA encode only 1 protein, each gene has its own promoter.

	
	1.  Both system utilise the same start and stop codon for each gene. 
Note: Bear in mind that for prokaryotic genes, each gene will still have a start and a stop sequence, despite the fact that they only have one promoter. 

	
	1. absence of introns within genes (Non coding sequencing) or Genes are closely packed, very few non-coding Gaps
	1. presence of introns within genes 

	
	1. very little non-coding regions present, mostly coding regions, few repetitive sequences were  observed.
	1. more non-coding than coding regions, many repetitive sequences were observed. (e.g. centromere, telomere)

	
	1. AVP
	1. AVP


Any 9 point: Point for point comparison.
[NYJC 2014 MYE] Distinguish between the structure and organization of prokaryotic and eukaryotic genomes. [8]

	Feature	
	Prokaryotic Chromosome
	Eukaryotic Chromosome

	Size;
	Smaller, typically between 105 to 107 base pairs.

	Larger, haploid complement is typically between 107 to 1011 base pairs.

	Linearity / circularity;
	Usually a single and circular chromosome. 
	Usually several linear chromosomes – number is species-dependent. 

	Type of non-coding sequences

Type of regulatory sequences
	Absence of telomeres and centromeres

Presence of promoters and operators only.
	Presence of telomeres and centromeres

Presence of promoters, enhancers, silencers. Absence of operators.

	Introns;
	Absence of introns.
	Presence of introns interspersed between exons within a gene.

	Non-coding / Regulatory sequences;
	Contain higher proportion of coding sequences than non-coding sequences.
E.g. promoters and operators.
	Contain higher proportion of non-coding sequences than coding sequences.
E.g. promoters, enhancers, silencers.

	Extrachromosomal DNA
	No plasmids (mitochondria and chloroplast have their own DNA)	
	Present – plasmids (much smaller rings of DNA)

	Presence of operons
	Commonly found
	Rare

	Number of origins of replications (per chromosome)
	Single
	Many

	Packing of DNA;
	Formation of loop domains which are anchored by DNA binding proteins / non histone proteins, followed by negative supercoiling.
	DNA wrapped around histones to form nucleosomes which are joined by linker DNA to form the beads-on-string structure.
Solenoid structure further coiled to form loop domains anchored by non-histone scaffolding proteins. The loop domains are further coiled and condensed to form the metaphase chromosome.

	Location
	Nucleus (surrounded by nuclear envelope)
	Nucleoid (not membrane-bound)

	Location of functionally-related genes on chromosome
	Genes that encode proteins for the same metabolic pathway are clustered together in an operon. 
	Usually located on different chromosomes.


	Control by promoter

	Genes grouped in an operon are controlled by a single promoter.
	Each gene is under control of their individual promoters.





11/2/9a Compare the structure of prokaryotic and eukaryotic genomes. [6] Same as above
3. Describe the differences between transcription and translation in prokaryotes and eukaryotes. [8]
4. Describe the process of binary fission, transformation, transduction and conjugation in bacteria and explain the role of F plasmids in bacterial conjugation. [10]
[TPJC 2013/ DHS 2014] Describe how horizontal gene transfer can occur in prokaryotes. [8] 
DHS ans:
	Marking Point
	Answer

	20
	Horizontal gene transfer involves exchange of genetic material between
members of the same species or different species; 

	21
	Transformation involves bacteria taking up of naked DNA from the environment and integrating it into its genome;

	22
	Cells which are competent are able to undergo transformation;

	23
	In conjugation, DNA is transferred between two prokaryotic cells that are temporarily joined. In E.coli, the F plasmid is involved;

	24
	The F plasmid codes for a sex pili to allow the F plasmid to be transferred;

	25
	The outcome is that a F+ cell converts an F- cell to F+ after transferring the F plasmid;
2 max for conjugation

	26
	Transduction involves bacteriophages carrying prokaryotic genes from one host cell to another; 

	27
	transduction results from accidents that occur during the phage replicative cycle, resulting in a phage that carries host cell DNA;

	28
	Some of the host cell DNA is then incorporated into another recipient cell’s chromosome by DNA recombination, a recombinant cell is formed;
2 max for transduction


TPJC ans:
1. There are three mechanisms of gene transfer in prokaryotes, Conjugation, Transformation and Transduction.
Conjugation [max 2 marks]
1. Ref. to mating signal
1. F+ cell (cell containing the F Plasmid) trigger the formation of sex pillus – act as a mating bridge between donor and recipient.
1. Plasmid from the donor cell replicates via the Rolling Circle Replication – a single strand of DNA enters the recipient cell through the sex pillus
1. Plasmid in recipient reforms its double stranded structure -> recipient cell acquire genes from donor cell.
Transformation [max 3 marks]
1. Bacteria cells must be competent (possesses competence-specific proteins)
1. DNA from the environment binds to these competence-specific proteins
1. Autolysin are present to degrade the cell wall to allow DNA to penetrate through cell wall of bacterium
1. Nucleases present then cut the bound DNA into fragments -> single strand of DNA
1. Single- stranded DNA will remain bound by competence-specific protein and be brought near bacterial chromosome
1. RecA protein will take over to promote genetic exchange between the DNA fragment with the recipient bacterial chromosome.
Transduction [max 3 marks]
1. Transduction is a genetics exchange method between bacterial cells facilitated by bacteriophages
1. Two mode of operation: specialised transduction and generalised transduction
1. By T4 phage and Lambda phage respectively
1. During the reproductive cycle of these phages, there is incorporation of bacterial genes into the phage capsid during formation of mature phages
1. These bacteriophages with the incorporated bacterial DNA will subsequently infect a new bacterial host cell
1. Genetic recombination will occur between the bacterial genes from the previous host cell and the genes in the new bacterial cell. 

[Tutorial TJC 2011] Outline the processes of binary fission and transduction in bacteria and briefly explain their significance. [6] 
Binary Fission (3max)
1. Binary fission is the process by which bacteria divide and is a form of asexual reproduction to form genetically identical cell to the parent;
1. Semi conservative replication of bacterial DNA begins at the origin of replication (ori). The two ori moves toward opposite ends of the cell and adhere to the cell membrane.
1. As DNA replication progresses bidirectionally from ori, this results in a replication bubble. As the DNA replicates, the cell elongates and separates the 2 identical copies of DNA. 
1. When replication is complete and the cell has reached about twice its initial size, its cell membrane invaginates, and deposits new cell wall materials.
Transduction (3max)
1. Transduction is a method of genetic transfer between bacteria which allows for genetic variation in bacteria;

Description of either generalised or specialised transduction (3m)
1. In generalised transduction, bacteria genes are transferred randomly from one bacterial cell to another by a temperate or virulent bacteriophage.
1. An error in the phage lytic cycle may result in a small piece of the host cell’s degraded DNA to be accidentally packaged within a phage capsid in place of the phage genome.
1. The phage can attach to another bacterium and inject the piece of bacterial DNA acquired from the first cell. The bacterial DNA is incorporated in the recipient cell’s DNA by homologous recombination.
or
1. In specialised transduction, bacteria genes adjacent to the prophage site are transferred from one bacterial cell to another by a temperate bacteriophage.
1. An error during induction of lytic cycle may result in the prophage incorrectly excised from bacterial DNA and the excised phage DNA incorporated some bacterial DNA.
1. The phage can attach to another bacterium and inject the piece of phage DNA carrying bacterial DNA acquired from the first cell. The bacterial DNA is incorporated in the recipient cell’s DNA by homologous recombination.

[NYJC MYE 2016] Explain the role of the F plasmids in bacterial conjugation. [8]
1. Conjugation - transfer of genetic material (in one direction/ one-way) through direct cell to cell contact /physical interaction between two bacterial cells;
1. Ref to one with the F plasmid (donor) and the other without (recipient);
1. F plasmid contains genes which code for synthesis of sex pilus;
1. Used for attachment to recipient cell / formation of temporary cytoplasmic mating bridge/conjugation tube;
1. This DNA strand is cut/nicked at the origin of transfer. Genes within the F factor encode proteins that promote the transfer of one strand of F factor DNA / single-strand of F plasmid is transmitted through cytoplasmic mating bridge to recipient;
1. The other strand remains in the donor cell and is replicated, restoring the F factor DNA to its original double-stranded condition OR
1. Ref. to F factor replicates by rolling-circle mechanism (idea of replication is impt) OR
1. In the recipient cell, the two ends of the newly acquired F factor DNA strand are joined to form a circular molecule, which is then replicated to become double-stranded. 	[max 1]
1. Each parental strand acts as a template for synthesis of the second strand in its respective cell via complementary base-pairing.
1. Conjugation tube breaks;
1. (if entire F plasmid was transferred) Recipient cell now has F plasmid/ is F+. Donor cell is unchanged in genetic composition;
1. F plasmid can integrate into bacterial chromosome, forming Hfr cell;
1. Some genes from host chromosome are also transferred to recipient;
1. conjugation tube usually breaks before the entire F plasmid is transferred;    @ 1 mk
[NYJC MYE 2014] Compare and contrast between transformation and conjugation in bacteria. [5]

Similarities
1. Both involve bacteria acquiring foreign DNA resulting in genetic variation.
1. Both result in a change in the bacteria’s genotype and phenotype as the foreign genes are expressed;
Differences
	
	Point of Comparison
	Transformation
	Conjugation

	1
	
Source of donor DNA


	
Broken down DNA from lysed bacteria cell
	
F+ cell carrying F plasmid 



	2
	
Agent mediating DNA transfer

	
Cell surface proteins or CaCl2 artificially

	
F factor on F plasmid (carries the genes for sex pili production)


	3
	
Type of DNA transferred to recipient cell

	
Random
	
F plasmid 



	4
	
Homologous recombination needed for permanent expression of foreign genes?

	
Yes
	
No

	5 
	Nature and Source of donor DNA 
	Naked DNA from the environment
	Circular plasmid DNA from another bacteria 




[NYJC MYE 2016] Suggest the advantages of conjugation as compared to transduction. [4]
1. No need for 3rd party / virus / vice versa;
1. Host cell remains alive;
1. Does not reply on chance that wrong DNA fragments are packaged in capsid head during assembly stage (in generalised transduction);
1. Does not reply on chance that viral DNA excises imprecisely from bacteria chromosome when exiting lysogenic cycle to enter lytic cycle (in specialised transduction);
1. Homologous recombination not needed unlike general transduction and specialised transduction;
1. Higher chance to transfer genetic material if cells contact each other (as transduction relies heavily on chance);
1. In transduction, genetic material may or may not be degraded / vice versa;
1. Larger chunk of DNA/genetic material can be transferred;     
1. Ref. defined genes (of F plasmid) transmitted during conjugation vs random DNA fragments (via general transduction) OR only genes/DNA fragments beside prophage (via specialised transduction) 
1M each

5. [NYJC 2015] Explain how genetic variation in bacteria could have arisen. [8]

1. Genetic diversity in bacteria comes from two sources, spontaneous mutation and genetic recombination;
Spontaneous mutation
1. Spontaneous mutation can occur from errors during DNA replication such as insertions, deletions or substitutions;
1. Increase genetic diversity quickly in species with short generation times such as bacteria;
Genetic recombination
1. Genetic recombination occurs due to the transfer of genetic material from one bacterial cell to another via transformation, transduction and conjugation;
Transformation
1. Transformation is the alteration of a bacterial cell’s genotype by the uptake of naked, foreign DNA from the surrounding environment;
1. Many bacteria possess specific cell-surface proteins that recognise DNA from related species and transport it into the cell;
1. Foreign DNA is incorporated into the genome by homologous recombination / exchange of homologous DNA segments;
Conjugation
1. A sex pilus of the F+ bacterial cell attach to the F- bacterial cell.
1. The pilus then retracts and a temporary cytoplasmic mating bridge is formed between the two cells;
1. One strand of F plasmid’s DNA is cut at the origin of transfer, and then the DNA strand travels through the mating bridge from the donor cell into the recipient cell.
Transduction
Description of either generalised or specialised transduction (3marks max)
1. In generalised transduction, bacteria genes are transferred randomly from one bacterial cell to another by a temperate or virulent bacteriophage.
1. An error in the phage lytic cycle may result in a small piece of the host cell’s degraded DNA to be accidentally packaged within a phage capsid in place of the phage genome.
1. The phage can attach to another bacterium and inject the piece of bacterial DNA acquired from the first cell. The bacterial DNA is incorporated in the recipient cell’s DNA by homologous recombination.
or
1. In specialised transduction, bacteria genes adjacent to the prophage site are transferred from one bacterial cell to another by a temperate bacteriophage.
1. An error during induction of lytic cycle may result in the prophage incorrectly excised from bacterial DNA and the excised phage DNA incorporated some bacterial DNA.
1. The phage can attach to another bacterium and inject the piece of phage DNA carrying bacterial DNA acquired from the first cell. The bacterial DNA is incorporated in the recipient cell’s DNA by homologous recombination.

[MJC 2014] Describe how the involvement of bacteriophages increases genetic variation of a bacterial colony. [7]
1. Generalised and specialised transduction
1. virulent / T4 phage infects first bacterial host
1. tail fibres of phage binds with surface receptors of host cell, phage DNA injected
1. bacterial DNA is degraded by phage enzymes
1. during phage replication, degraded fragment of bacterial accidentally assembled into viral particle / transducing particle carries bacterial DNA instead of phage DNA
1. temperate / lambda phage invades host, integration of phage DNA into host DNA / prophage
1. During the lytic phase, a small region of adjacent bacterial DNA excised together with prophage / phage DNA and packaged into transducing particles
Both cases,

1. When transducing particle infects another host, DNA from the first host cell is introduced into the second host cell 
1. Homologous recombination with host chromosome introduces new genes/alleles
6. Distinguish between structural and regulatory genes. [6]
7. [SAJC 2013] Distinguish between the repressible and inducible systems of gene regulation (Hint: use trp and lac operon as examples). [6]
	Category
	Repressible
	Inducible

	Example
	Trp operon
	Basal transcription of Lac operon

	Default state
	ON, actively transcribed
	OFF, not actively transcribed

	Nature of effector molecule
	Co-repressor trp
	Inducer allolactose

	Effect of effector
	Decrease
transcription
	Increase
 transcription

	Repressor coded by
	Structural gene
	Regulatory gene

	Repressor synthesised
	Inactive form
	Active form

	Ana / Catabolic
	Anabolic, involved in synthesis of products
	Catabolic, involved in breakdown of products

	Active Repressor binds
	Operator of operon


(Tutorial) TJC 2011/P2/Q8(b)
With the use of named examples, compare between an inducible and a repressible operon.
[8]
Similarities 
1. Both operons consist of a promoter, an operator and a cluster of genes that encode enzymes of a metabolic pathway. 
1. Both operon will transcribe their structural genes to form a polycistronic mRNA.

Differences
	Feature
	Inducible operon
	Repressible operon

	Named example
	Lac operon
	Trp operon

	Type of metabolic reaction involved
	Synthesizes enzymes involved in a catabolic pathway  
	Synthesizes enzymes involved in an anabolic pathway  

	Usual state of the operon
	Usually not expressed /  turned off 
	Usually expressed / turned on 

	Effect of an effector molecule
	Transcription of the structural genes can be turned on when an inducer (allolactose) binds allosterically to the repressor.
	Transcription of the structural genes can be turned off when a corepressor  (tryptophan)  binds to the repressor.

	Gene product of regulatory gene
	Synthesizes active lac repressor
	Synthesizes inactive trp repressor

	Events when lactose/ tryptophan is absent
	Active repressor binds operator, and transcription of structural genes is inhibited. 
	Inactive repressor cannot bind operator, transcription of structural genes occur. 


	

Events when lactose/ tryptophan is present
	Allolactose binds to repressor resulting in a conformational change. 
Inactive repressor cannot bind operator, and transcription is turned on / operon expressed 
	Tryptophan binds repressor resulting in an active repressor.
Active repressor binds operator, and transcription is turned off / operon not expressed



8. Describe the concept of a simple operon (Hint: include positive & negative controls). [8]
[N07/P2/Q9] Describe the main structural features of the lac operon. [8]
T: Describe / in words, visual observation; T: lac operon; 
F: main structural features / location, role  

The lac operon consists of a promoter, an operator and a cluster of genes that encode enzymes required for lactose catabolism.

The regulatory sequences found in the lac operon are:
1. CAP site, which is a DNA sequence recognised by an catabolite activator protein (CAP);
1. promoter, which is found upstream of structural genes. It is the site where RNA polymerase binds to DNA initiate the transcription of the structural genes;
1. operator, which is situated between the promoter and structural genes and serves as the binding site for the lac repressor;
1. terminator, which is found downstream of structural genes. It is the site which signals the end of transcription;

1. The structural genes in an operon code for enzymes required for lactose catabolism and lie adjacent to one another;

The structural genes include:
1. lacZ gene, which encodes β-galactosidase, the enzyme that hydrolyses lactose into glucose and galactose. A side reaction of this enzyme is to convert a small percentage of lactose into allolactose, a structurally similar lactose analogue; 
1. lacY gene, which encodes lactose permease, a membrane protein required for transport of lactose into the cell; and 
1. lacA gene, which encodes galactoside transacetylase, an enzyme whose physiological role is unclear, although it has been suggested that it prevents the toxic build up of non-metabolizable lactose analogues in the cytoplasm;
9. [N07/P2/Q9] Explain how the presence of lactose in the growth medium switches on the lac operon. [8]  
[N10/P2/Q8a] Describe how the prokaryote, E.coli, is able to respond to varying concentrations of lactose. [6]
[NYJC 2015] Describe how the prokaryote, E.coli, is able to respond to varying concentrations of lactose and glucose. [8]

1. The lac operon is an inducible operon, i.e. its transcription is usually switched off;
1. The lac operon is under dual control: negative control by lac repressor and positive control by catabolite activator protein (CAP);
Negative Control
1. In the absence of lactose / when lactose concentration is low, no allolactose binds to the lac repressor;
1. lac repressor binds to the operator site and blocks RNA polymerase from transcribing the structural genes, thus inhibits transcription;
1. However, the binding of the repressor to operator is weak and transcription occurs at a basal level, producing small amount of lactose permease, β-galactosidase and transacetylase;
1. In the presence of lactose, a small amount of lactose is transported into the cytoplasm via lactose permease;
1. β-galactosidase will convert the lactose to allolactose;
1. The cytoplasmic level of allolactose gradually rise until allolactose binds to the repressor, which has four identical subunits, each one recognising a single allolactose molecule;
1. This results in a conformational change of the repressor, preventing it from binding to the operator site;
1. RNA polymerase is then able to transcribe the structural genes, and the mRNA subsequently translated to form enzymes that catabolise lactose molecules;
7 marks max
Positive Control (When lactose present)
1. When intracellular concentration of glucose is low, cAMP accumulates and binds to CAP;
1. CAP is activated and binds to CAP site and enhances the rate of transcription of the structural genes;
1. When glucose and lactose are present, CAP remains inactive and transcription of lac operon occurs at basal rate;
3 marks max
10. [Tutorial N07/P2/Q9] Suggest why operons are necessary in bacteria. [4]  
0. Operon arranges genes coding for enzymes in the same metabolic pathway together for more efficient control of gene expression;
0. Since bacteria do not have a nuclear envelope, transcription and translation occurs simultaneously. Thus, the regulation of gene expression usually occurs at transcriptional level;
0. So that bacterium only produces enzymes when required and does not waste of energy and resources, conferring selective advantage;
0. Operons allow bacteria able to use a variety of sugars, such as lactose and glucose.

11. Outline the differences between prokaryotic control of gene expression with the eukaryotic model. [12]
12. Explain why the ability to rapidly degrade mRNA can be an adaptive advantage for prokaryotes. [5]
1. Prokaryotic mRNA molecules do not undergo post-transcriptional modification and are used directly for translation.
1. The stability of an mRNA molecule will determine the number of polypeptides that can be translated from it. 
1. Prokaryotic mRNA have a relatively short half-life and are rapidly degraded after only a few minutes.
1. This limits the number of polypeptides that can be translated from it.
1. As prokaryotes are single-celled organisms with limited ability to regulate their internal environment, 
1. ………………………..response
1. they must be able to synthesize different proteins in response to different environmental changes.
1. This provides prokaryotes with greater flexibility in adjusting to changing external conditions. 

13. [2015 NYJC MYE] Discuss some of the evidence which suggest that DNA is the genetic material. [6]
Marker’s comments:
This part was badly attempted. Many had no idea what evidences the question was asking for. Some gave points such as DNA being the genetic code, when they were meaning to say that the nucleotides are universal across all organisms. However, it does not address DNA being a genetic material.

1. Description of Griffith’s Streptococcus experiment (2 marks);;
A harmless ‘R’ strain of Streptococcus pneumoniae can be transformed to pneumonia-causing ‘S’ cells by the uptake of DNA from a medium containing lysed cells of the pathogenic ‘S’ strain. 

1. When a live non-pathogenic ‘R’ cell takes up a piece of DNA carrying the allele for ‘S’, the allele for ‘S’ codes for a smooth cell coat that protects the bacterium from a host’s immune system, hence making the bacteria pathogenic to its host cell. 

1. Avery (later in 1940's) showed that it was almost certainly the DNA from the dead virulent bacteria that caused this effect.
1. As a result of gene mutation, base / nucleotide sequence in DNA is changed. This change in base sequence can be result in a change in phenotype e.g. sickle cell anaemia or cystic fibrosis. 

1. This change in phenotype is passed on to the offspring of affected individuals therefore DNA must be the genetic material. 

1. During synthesis of phase of interphase, semi-conservative replication of DNA occurs. Amount of DNA is doubled and distributed to daughter cells during mitosis. Meselson and Stahl experiment?

1. All cells in an organism have the number of A and T bases are equal and the number of G and C bases are equal according to Chargaff’s rule. 

1. Thus, adenine pairs with thymine and cytosine pairs with guanine via complementary base pairing allowing the copying of DNA.

1. AVP; Genetic material must be capable of replication (copied), storage of information for expression of traits, control expression of traits, change in controlled way(mutation), must be stable (phosphodiester bonds/ standard width / hydrogen bonds)
                                                                                                                           


Organisation and Control of Eukaryotic Genome
14. [AJC 2008] Describe the structure and function of portions of eukaryotic DNA that do not code for protein or RNA (Hint: refer only to intron, centromere, telomere, promoter, enhancer and silencer). [15]
CJC/08 Describe the structure and function of the parts of a eukaryotic chromosome. You may wish to include a diagram as part of your description. [10]
[Tutorial] Describe the significance of the portions of eukaryotic DNA that do not encode for protein or RNA. [8]
T: Describe; T: Organisational & Control Eukaryotic Cells; F: non coding DNA
	Non-coding DNA
	Significance

	Centromere
(2m max)
	Holds two sister chromatids together; 
Facilitates binding of microtubules of spindle fibres to the centromere via kinetochore;
Plays a role in chromosomal movement / separation of chromosomes during nuclear division;

	Telomere
(2m max)
	prevents ends of linear DNA from being degraded by exonucleases; 
Delay degradation of genes near telomeres due to shortening of DNA during replication;
prevents ends of difference chromosomes from fusing with each other; 
Serve as a counting mechanism for the number of cell division a cell has undergone, thus preventing unlimited/ uncontrolled cell proliferation ;

	Introns (1m)
	Non-coding sequences interspersed between exons in genes and are transcribed but not translated because it is removed during splicing;
Allows for alternative splicing;

	control element enhancer/ silencer/ promoter
(3m max)
	TBP binds to TATA box of promoter and recruit general transcription factors and RNA polymerase to initiate basal level of transcription ;
Activators binds to enhancer increases rate of transcription through protein-protein interaction which cause DNA to loop and stabilises the transcription initiation complex ;
Repressors bind to silencer decreases rate of transcription by impeding RNA polymerase / recruit enzymes which increases condensation of chromatin ;

	origin of replication
	site at which DNA replication is initiated;



[NYJC 2015 MYE] Outline how the structure of non-coding DNA sequences in eukaryote is related to its specific function. [8]
Marker’s comments:
Many assumed that this question was simply on the function of non coding regions, but fail to see that it is really on how the STRUCTURE of the sequences is related to their FUNCTIONS. Many gave good answers on the function and yet were not awarded points because the functions were not related to the structure.

Centromere (2m)
1. The centromere is a constricted region of a mitotic chromosome which holds two sister chromatids together.
1. Kinetochore microtubules attached to the centromere via the kinetochore allowing chromosome to be aligned during metaphase / separated during anaphase.

Telomere(2m)
1. The 3’ single-stranded overhang of telomeres folds back and form a T-loop, hiding the single-stranded DNA overhang. The overhang hybridises with an earlier repeat of the same complementary sequence in the opposite strand.
1. Preventing the ends of chromosomes from being degraded by exonucleases / prevent ends of different chromosomes from accidentally fusing with each other.
1. Telomeres are the ends of a linear eukaryotic chromosome which consists of short tandem repeats of a DNA sequence.
1. Thus, telomeres protect important genes near the telomeres. Telomere merely delays the degradation of genes as it shortens due to successive rounds of replication.

Introns (2m)
1. Within the protein-coding gene, the gene is split with interspersing introns between exons. 
1. An intron is transcribed into mRNA molecule and further excised by RNA splicing to produce a mature mRNA. It is transcribed but not translated. The presence of introns allows alternative splicing.

Promoter (1m)
1. Promoter region is found immediately upstream of coding sequences and allows the binding of TATA binding protein to TATA box recruiting RNA polymerase to initiate transcription.

Enhancer (1m)
1. Enhancer are distal control elements. Binding of activators to enhancers increase interaction between promoter and RNA polymerase hence increasing the rate of transcription.

Silencer (1m)
1. Silencers are usually proximal control elements on DNA / Silencers are usually close to or overlapping the promoter region. When repressors are bound to silencers, repressor block and impede RNA polymerase’s progress and rate of transcription is inhibited.

[N11/P2/Q9] Describe the roles of telomeres and centromeres. [6]
[image: ]
[NYJC 2013 MYE] Describe the structure and function of the centromere and telomere. [8]
Structure of telomere
1. Ends of a linear eukaryotic chromosome, containing non-coding DNA / short tandem repeats / multiple repetitions of one short nucleotide sequence; 
® non-coding gene -there is no such term! ® telomeres are attached to the ends of chromosomes
1. 3’ single-stranded overhang folds back to form a T-loop which hybridizes with an earlier repeat of the same complementary sequence in the opposite strand;
1. Binding of telomere binding / capping proteins to T-loop juncture further stabilizes the structure;
Function of telomere 
1. Prevent the ends of chromosomes from being degraded by exonucleases;                    ® 5’ exonucleases
1. Protect important genes near the telomeres from being lost by delaying the degradation during replication;
1. Prevent ends of different chromosomes from accidentally fusing / joining with each other via the 3’ overhang;
1. Provide a counting mechanism for the number of cell division a cell can undergone before apoptosis / cell death / limit number of divisions cell can undergo;
Many candidates incorrectly referred to telomere causes end replication problem. 
Structure of centromere  
1. Centromere is highly repetitive (satellite) DNA+ constricted region on metaphase chromosome; 
® centromere is found at the centre / middle of chromosome 
1. Kinetochore proteins are wrapped around centromere which is the interface between microtubules / spindle fibre and DNA of centromere; ® spelling errors of “kinetochore”
Function of centromere
1. Centromere holds two sister chromatids together;
“Centromere holds two sister chromatids to form a chromosome” is a wrong statement
1. Involved in chromosomal movement during nuclear division / mitosis / meiosis; OR
1. Involved in alignment of chromosomes during metaphase + separation of chromatids / chromosomes during anaphase; 
® centromere split 

N2009/P2/Q3 (Tutorial)
1. Outline the role of telomeres.
	During DNA replication, when RNA primers at the 5’ end are removed will result in 3’ single stranded overhang due to inability of DNA polymerase to be able to replicate to the end of the chromosome / unable to add nucleotides without an existing 3’OH end;

	Telomeres protect important genes near the telomeres from being lost by delaying ® preventing the degradation during DNA replication;

	Telomeres prevent the ends of chromosomes from being degraded ® attacked by
exonucleases by forming T-loop;

	Prevent ends of different chromosomes from accidentally fusing / joining with each
other via the 3’ overhang;

	Provide a counting mechanism for the number of cell division a cell can undergone
before apoptosis / cell death / limit number of divisions cell can undergo;



[NYJC 2014 MYE] Describe the structure and function of centromeres. [7]

Structure 
1. constricted regions on chromosomes 
1. comprise of largely / entirely of repetitive non-coding DNA. in humans, centromere region is made up of tandemly repeating units (OR of 170 base pairs known as α-satellite DNA)
1. special DNA sequence in centromeric region is important for  kinetochore protein recognition/ binding [Reject: protein]
Function
1. allow sister chromatids to adhere to each other (with the help of proteins cohesins)
1. allow spindle fibres to attach at kinetochores on centromere 
 so that sister chromatids OR homologous chromosomes can be separated to opposite poles. 

1. during anaphase of mitosis OR anaphase II of meiosis 
 centromeres divide (R: split)   

1. when spindle fibres shorten (R: contract) 
 sister chromatids are pulled to opposite poles (R: ends/sides) with centromeres

[Tutorial] Define control elements and explain how they influence transcription. [10]  
1. Control elements are non-coding DNA sequences that transcription factors can bind to regulate gene transcription;
1. Promoter found immediately upstream of start site;
1. TATA binding protein recognise and bind to TATA box in promoter;
1. and recruit general transcription factors and RNA polymerase to initiate basal level of transcription;
1. Enhancer are distal control elements / found further upstream from the start site;
1. Activators binds to enhancer increases rate of transcription 
1. DNA loop through protein-protein interaction and stabilises the transcription initiation complex ;
@ Activators may assist in recruiting histone acetylase and chromatin remodeling complex to allow greater accessibility of general TFs and RNA polymerase to promoter.
1. Silencer are found proximal or distal to gene / overlapping promoters or near enhancers; 
1. which repressors bind to decreases rate of transcription;
1. impeding RNA polymerase / recruit enzymes which increases condensation of chromatin ;
@ Inhibit gene expression by preventing activator from binding to transcription factors;
OR
Repressing chromatin remodeling complexes and recruiting histone deacetylases to make chromatin inaccessible to general TFs and RNA polymerase.
1. The control of gene transcription in eukaryotic cells involves the combinatorial effect of activators and repressors on enhancer and silencer respectively; 

[NYJC MYE 2016] Compare and contrast the viral genome and the eukaryotic genome. [8]
	
	Viral genome
	Eukaryotic nuclear genome

	Genetic material 
	1    Either DNA; 
2     or RNA; 
	3    DNA;

	
	4    Either double-stranded; 
5     or single-stranded;
	6    Double-stranded;

	
	7    Either linear; 
8    or circular ;
	9    Linear;

	
	10  Either segmented; 
11  or single; 
	12  segmented / many different chromosomes;

	Presence of telomeres
	13   May or may not be present;
	14  Present

	Presence of origin of replication
	15   May or may not be present;
	16  Yes / many present

	DNA enclosed in …
	17  capsid;
	18  nucleus;

	DNA associated with histones
	19  No; RNA wrapped in protein, forming nucleocapsid.
	20  Yes;

	Amount of noncoding DNA
	21  Little ; Can encode their own set of transcriptional activators and enhancer seq.
	22  Large amounts;

	Amount of repetitive DNA / centromeres
	23  Little /
Absent
	24  Large amounts/
Present

	spacer DNA between genes
	25  Little
	26  Large amounts

	Presence of introns in genes
	27  No (in most cases);
	28  Yes;

	Size
	29 Smaller;
	30  Larger;

	Gene density
	High 
	Low


½ mk each

Examiner’s comments:
1. Virus (living/ non-living) is not the same as Prokaryote (bacteria, living).
1. Virus is not the same as viral genome. The focus of this question is ‘viral GENOME’.
1. ® comparison that involves control of gene expression, since the question is more focussing on the “structural aspects of the genome”. You did not learn anything on control of gene expression in virus as well. 
1. Take note not to generalise your answers to all viruses / eukaryotic cells. If you need to give specific e.gs., mention “for e.g. in influenza virus…”

15. [MJC 2014] Discuss the roles of telomeres and telomerase in enabling the functions of stem cells. [8]
1. short, repeated nucleotide sequence at the ends of chromosomes 

1. last RNA primers at the 5’end of both daughter strands removed, but DNA polymerase unable to add new nucleotides

1. Lack of 3’-OH group
 
1. Progressive shortening of telomeres/DNA with each round of replication.

1. synthesise new / lengthen telomeres 

1. reverse transcriptase component extends / adds new telomeres at the 3’ end of parental strand using its RNA template
 
1. … daughter strand then lengthened by DNA polymerase

 Hence,
1. Protect the organism’s genes from being lost with each round of DNA replication.

1. Sequence recognized / bound by complementary binding proteins

1. that prevents the ends from joining to other chromosomes.

1. prevent the exposed staggered ends of DNA from activating the cell’s monitoring system to cause apoptosis of cell.

1. Allows continuous / unlimited cell divisions to give rise to new cells in the body.

[SRJC/ PJC 2010] Describe the function of telomerase and explain why its expression is necessary in a named cell type in the human body. [8]
1. Telomerase is a ribonucleoprotein (a complex of RNA and proteins)
1. Functions as a reverse transcriptase (a protein that synthesizes DNA from an RNA template).
1. A single RNA molecule provides a template to guide the insertion of the
repeated sequences.
1. A protein component called hTERT in humans (“human telomere reverse transcriptase”) which provides the catalytic action.
1. Telomerase catalyzes the extension of the 3’ overhanging end.
1. The cell’s standard replication machinery then extends the complementary DNA strand.
1. Telomerase is normally expressed in stem cells.
1. As they need to divide regularly.
1. AVP

16. Describe the process and significance of gene amplification. [8]
[NYJC 2014 Prelim] Describe the processes and significances, with relevant examples, of gene amplification in eukaryotes. [7]
Processes – Any 2 methods (max 4M)
1. During DNA replication, polymerase slippage occurring where DNA polymerase slip from the DNA template strand and reattach at distant site that was already replicated ;
1. The newly synthesized DNA strand contains a repeated section of DNA ;
1. Unequal crossing over of segments of non-sister chromatids of homologous chromosomes leading to gene duplication ;
1. Presence of identical repeated sequences presents a problem for precise paring in subsequent meiosis which could lead to further unequal crossing-over events to give a string of the same gene in a row ;
1. Replicative transposition occurs by the production of an mRNA transcript of the to-be-amplified gene sequence and ; 
1. reverse transcription of the mRNA to produce an additional copy of the original DNA sequence inserted into the genome ;

Significance + example (max 4M)
1. To meet the needs of the cell: The increased gene copy number can result in higher level of mRNA and polypeptide synthesis to meet the demands of the cell for the particular stage of development; 
1. E.g., In Xenopus, the rRNA gene is amplified about one thousand times, which allows an oocyte to accumulate about 1012 ribosomes;
1. Abnormal amplification of genes may lead to overexpression of proteins which leads to diseases;
1. E.g., Amplification of oncogenes such as mdm2 and myc is associated with cancer;
1. Gene amplification may confer drug resistance;
1. E.g., Amplification of dihydrofolate reductase (DHRF) gene confers resistance to methotrexate (drug used in treating cancer);
1. Selective pressure from the environment may result in amplification of genes beneficial for organism or to confer an advantage to the organism in order to survive in a particular environment;
1. E.g., non-specific esterase genes in common house mosquito Culex quinquefasciatus are amplified after exposure to insecticide to confer insecticide-resistance (by binding and sequestering insecticide molecules);
[NYJC 2016 Prelim] With named examples, describe the process and significance of gene amplification in cells. [6] (Follow NY ans)
Definition:
1. Gene amplification is a process which specifically increases the amount of gene products (RNA or protein) by increasing the number of copies of the gene of interest.

Significance/ Importance in growth and development:
1. During some stages of development of an organism, some gene products are required in larger quantities.
1. A single gene copy cannot be transcribed, nor can its mRNA be translated rapidly enough. Hence, gene amplification helps to meet the demand.

Process/ Mechanism of gene amplification
1. At a specific developmental point in Drosophila, the cells must synthesize massive amounts of chorion (eggshell) protein which will envelop and protect the zygote.
1. Several clusters of genes encoding the eggshell (chorion) proteins in the follicle cells of each egg chamber must be amplified many times to be able to meet the demands of the chorion mRNA.
1. This is achieved by repeated firing of one or more DNA replication origins located near the center of the gene clusters.
1. Gene amplification is accomplished using the normal eukaryotic DNA replication machinery and a bidirectional DNA replication mechanism.
1. In other cells of the insect, however, the gene continues to exist as a single copy.

1. In the oocytes (mature eggs) of Xenopus laevis, the number of ribosomes present in the cells must be increased so that massive protein synthesis can occur after fertilization.
1. rRNA is a component of ribosomes and is coded for by an rRNA gene cluster.
1. Gene amplification causes the rRNA gene cluster to increase from 0.2% of the total cell genome to 68% in just a few days.
1. The extra copies of genes are located in the nucleoli of the oocytes as circles of extrachromosomal DNA.
1. The rRNA gene clusters are amplified by rolling circle mechanism in which a nick is made at the origin of replication.
1. DNA polymerase attaches to the 3’OH group and begins synthesis of a new strand using one of the original strands as a template. 
1. The growing new strand will thus contain multiple repeats of the rRNA gene cluster.

[VJC Prelim 2013 H2 P2 ANS]
Definition of gene amplification [1]
1. Gene amplification is a process that leads to the creation of duplicate or multiple copies of the same gene;; 

Significance [1m] 
1. The main function of gene amplification is to increase the number of DNA templates for RNA synthesis and/or protein synthesis;;

Named examples:
Normal development 
1. Example 1: Amplification of ribosomal RNA genes;
1. in amphibian eggs/oocytes;
1. reference to rolling cycle replication – nick in one strand, unnicked strand used as template for replication;
1. continuous DNA synthesis produces linear, single stranded DNA consisting of multiple replicated copies of original nicked DNA;
1. purpose: production of large number of ribosomes in the egg;
1. For rapid growth of the embryo;
1. More proteins can be produced in a shorter time;

1. Example 2: Amplification of genes that encode chorion (eggshell) proteins
1. in Drosophila during oogenesis (development of female gametes);
1. to increase production of mRNA necessary to build the egg shell;
1. helicase binding to newly formed origin of replication within replication bubble to initiate a second round of DNA replication;
1. multi-forked structure results due to repeated replication of the gene within the replication bubble; 

Cancer cell/ abnormal development  [1m max]
1. Amplification of the proto-oncogene;
1. associated with the onset of cancer;
1. This results in the production of a large amount of the proteins;
1. that stimulate cell growth and/or cell division;

17. Describe the various levels at which gene expression may be controlled in eukaryotes. Specific examples may be quoted to substantiate your answers. [15]
[NYJC 2016 Common Test] Describe eukaryotic control of gene expression. [8]

	Level of Control
	Eukaryotic Gene Expression

	Chromatin level
	0. Histone acetylation
0. DNA methylation

	Transcriptional level
	1. Transcription initiation
1. Effects of enhancers and silencers

	Post-transcriptional level
	1. RNA processing (5’ capping, 3’ poly-A tail, splicing)
1. RNA transport

	Translational level
	1. Translation initiation
1. Translational repressors
1. Stability of mRNA
1. Cytoplasmic polyadenylation
1. Localisation of mRNA

	Post-translation level
	1. Biochemical modification
1. Structural modification
1. Protein degradation



1M max for chromatin level, 2M max each for transcriptional, post-transcriptional, translational levels, 1M max for post-translational level
Points must come with elaboration
Tagging the correct mechanisms to the correct level of control
Chromatin level:
1. Histone acetylation - involves the covalent addition of acetyl groups to positively charged lysine residues in the tails of histone proteins. The positive charge is neutralised and does not bind to negatively charged DNA. 
Acetylation reduces interaction between the histones and DNA, making it less compact and more accessible to the transcription machinery for the initiation of transcription.
Histone acetyltransferases (HATs) catalyse addition of acetyl groups and promote transcription. ;

1. DNA methylation - Addition of methyl groups on certain bases (usually cytosine) of DNA is a common method of gene silencing, catalysed by DNA methyltransferases. Methylated DNA attracts other proteins which and in turn recruits histone deacetylation enzymes. Association of these proteins and HDACs makes the DNA more compact and inhibits transcription /  reduces rate of transcription;

Transcriptional control:
1. Transcription initiation - eukaryotic RNA polymerase requires transcription factors for the assembly of the transcriptional initiation complex before it can initiate transcription. Presence of general transcription factors lead to a low / basal rate of transcription and RNA synthesis;

1. Effects of enhancers and silencers –

1. Binding of activators to enhancers increase interaction between promoter and RNA polymerase (i.e. DNA-protein interaction), hence increasing the rate of transcription. 
1. It occurs by looping the DNA, which further stabilizes the transcription initiation complex through protein-protein interaction.
1. when repressors are bound to silencers, rate of transcription is decreased. 
1. Bound repressors can work in several ways: (Mention 1)
0. block and impede RNA polymerase’s progress.
0. recruit enzymes which increase compaction level of chromatin 
0. recruit proteins which bind to general transcription factors and destabilize the transcription initiation complex.
0. Prevent binding of activators to enhancer, as repressor bind to silencers which may be adjacent / overlapping the enhancers.  ;;

Post-transcriptional control:
1. RNA processing - 
Cells do this by 5’-capping, splicing, and the addition of a poly(A) tail to the 3’ end of mRNA. 
1. Capping changes the 5’ end of the mRNA to a 3’ end by 5'-5' linkage, by the addition of 7-methylguanosine group. It protects the mRNA from 5' exonucleases, which degrades the RNA.  Hence it confers stability to the capped mRNA. The cap also helps in ribosomal binding.
1. Splicing is the removal of intron and the subsequent ligation of exons to produce a mature mRNA. A spliceosome consisting of a complex assembly of RNA and protein (snRNPs) bind to 5’ splice site and branch point sequence of the intron. Cleavage at 5’ splice site allows formation of loop structure / lariat. Intron in lariat structure is released together with snRNPs and is subsequently degraded. OR 
1. Alternative splicing is RNA splicing variation mechanism in which the exons of the pre-mRNA, are separated and ligated so as to produce alternative mature mRNA arrangements. Many different mRNA molecules and polypeptides can be made from a single gene. It increases the number of proteins without increasing the number of genes in a genome.
1. Addition of poly(A) tail to the 3' end of mRNA allows the slowing down of degradation of 3’ end by 3' exonucleases. The longer the poly(A) tail, the longer is the half-life of mRNA, which subsequently implies that more proteins can be translated from this mRNA. The poly(A) tail also facilitates the transport of mRNA from the nucleus. ;;
(1M for 2 out of 3 elaborated)

1. RNA transport - 
Eukaryotes have a nuclear membrane, which prevents simultaneous transcription and translation. Mature mRNAs are recognized by their processed modifications and then exported through the nuclear pore by chaperone proteins to cytoplasm for translation. Unprocessed RNA or incompletely processed RNA is degraded in the nucleus and the gene is effectively not expressed. ;

Translational control:
1. Translation initiation - Phosphorylation and dephosphorylation of translation initiation factors can activate or inactive them, needed to initiate ribosomal binding;

1. Translation repressors - regulatory proteins bind at the 5’ UTR of mRNA preventing initiation or prevent ribosome from progressing;

1. Stability of mRNA (Half-life of mRNA) - The more stable an mRNA molecule is, the longer it is translated and more polypeptides are produced. mRNA with longer poly-A tail are more stable/ Specific sequences in the 3’ UTR which increases mRNA longevity;

1. Cytoplasmic polyadenylation - Some mRNA are synthesized to deliberately contain a short poly-A tail. Only at specific times of oocyte maturation and post-fertilisation, cytoplasmic polymerase catalyses the cytoplasmic polyadenylation of the 3’ end, and this activates translation of mRNA into polypeptide. This allows temporal control of when exactly a polypeptide to be translated to be regulated;

1. Localisation of mRNA - for cells to concentrate high mRNA levels to ensure a high level of polypeptide to be synthesized at a specific location where the polypeptide is needed most. This allows for spatial control of gene expression;

Post-translational control:
1. Biochemical modification - By attaching other biochemical functional groups such as lipids, carbohydrates and phosphate groups to the protein, the protein is activated or becomes functional for its role in the cell. 
E.g. many proteins involved in signal transduction are reversibly activated and inactivated by phosphorylation and dephosphorylation. ;

1. Structual modification - removal of amino acids from the protein may occur to produce the mature and functional protein. 
E.g. peptide hormone pro-insulin is cut twice after disulfide bonds are formed and the pro-peptide is removed from the middle of the chain. / E.g. digestive enzymes pepsin and trypsin are synthesized as pro-enzymes, pepsinogen and trypsinogen respectively. Removal of the amino acids activates these pro-enzymes ;

0. Protein degradation - Excess or misfolded proteins that are covalently attached with ubiquitin (small proteins) can be degraded by proteasomes in cytoplasm; Proteasome unfolds the tagged protein and injects it into the core of the proteasome while ubiquitin is released during the entry. Within the core, the protein is degraded into short peptides or amino acids which are recycled back into the cytoplasm.

[NYJC 2010] In addition to control elements, describe how the rate of transcription is regulated [6]
1. Acetylation of histones involves the addition of acetyl groups to positively charged lysine residues in the tails of histone proteins;
1. The positive charge is neutralised and does not bind to negatively charged DNA, making it less compact;
1. More accessible to the transcription machinery for the initiation of transcription;
1. Methylation of DNA / the addition of methyl groups to certain bases (usually cytosine) of DNA;
1. Methylated DNA attracts other proteins which and in turn recruits histone deacetylation enzymes;
1. Association of these proteins and HDACs makes the DNA more compact and inhibits transcription;
[SAJC/ PJC 2010] Describe the eukaryotic processing of pre-mRNA. [6]
PJC Ans:
1. Post- transcription modification is required to process the pre-mRNA to form mature mRNA and to facilitate the export from nucleus to cytoplasm.
1. The 5’ end, the end made first during transcription, is immediately capped off with a modified form of a guanine nucleotide; 
1. The enzymes required for capping is grouped to form the Capping Enzyme Complex (CEC) and;
1. is bound to the RNA polymerase II before transcription starts; 
1. At the 3’ end, where there is polyadenylation sequence present 
1. an enzyme, poly (A) polymerase (PAP);
1. makes a poly(A) tail consisting of 50 to 250 adenine nucleotides;
1. The signals for RNA splicing are short nucleotide sequences at the ends of introns;
1. Particles called small nuclear ribonucleoproteins or snRNPs, recognize these splice sites.
1. snRNPs are located in the cell nucleus and are composed of RNA and protein molecules;
1. The RNA in a snRNP particle is called a small nuclear RNA (snRNA), each molecule is about 150 nucleotides long;
1. Several different snRNPs join with additional proteins to form an even larger assembly called a spliceosome;
1. The spliceosome interacts with the splice sites at the ends of an intron, intron region was looped out as a lariat. It cuts at specific points to release the intron;
1. then immediately joins together two exons that flanked the intron;
1. snRNA plays a role in the catalytic process as well as in spliceosome assembly and splice site recognition;
max 6
SAJC ans:
Capping
1. modified guanosine nucleotide / 7-methylguanosine / added to 5’ end of mRNA;
1. enzymes (e.g. guanyl / methyl transferase) catalyses reaction between 5’ end of the RNA transcript and GTP;
1. ref. association of cap-binding protein
Polyadenylation
1. addition of 30-200 adenine sequences to the 3’ end of the pre-mRNA;
1. after polyadenylation signal has been transcribed;
1. catalysed by poly(A) polymerase / polyadenylate polymerase;
1. ref. poly-A binding protein binds to poly(A) tail
Splicing
1. Splicing is catalyzed by snRNPs / small nuclear ribonucleoproteins
1. snRNPs are made up of proteins & snRNA (small nuclear RNA) 
1. snRNPs + other proteins join together to form a complex called spliceosomes 
1. spliceosomes is first responsible for folding the pre-mRNA into the correct orientation for splicing
1. splicing involves cleavage of the 5’ end of the intron
1. and its attachment to the branchpoint sequence 
1. to form a tailed loop structure called a lariat
1. intron is then excised/released
1. by being cleaved at its 3’ end
1. and the exons are brought together and ligated
1. spliceosomes dissociates once splicing is completed
[RJC 2008] Discuss how regulation of gene expression can occur at the translational and post-translational level in a eukaryotic cell. [8]
RJC answer: 
At the translational level of regulation,
1. regulatory proteins; 
block translation by preventing ribosome attachment;
2. elongate poly(A) tail which was originally shortened;
    to signal for initiation of translation;
3. phosphorylation/dephosphorylation of translation initiation factors;
inhibit translation by binding to factor/activate by releasing factor or e.g  eIF2 and eIF4;
4. length of poly(A);
because enzymes will degrade the tail once mRNA enters the cytosol, and once the tail reaches a certain length, the mRNA will be degraded rapidly;
(same point for certain UTR regions having greater affinity for ribosomes and presence of 5’ cap protectin mRNA from degradation)
5. presence of RNAi e.g. miRNA/siRNA;
binds to complementary segments on mRNA, hence preventing translation/forms a complex with an enzyme which will degrade any mRNA which has complementary segments to the siRNA;

At the post-translational level of regulation,
6. phosphorylation/glycosylation etc (any biochemical modification that sets the protein for a role in the cell);
activate(or deactivate) the protein/ targets the protein for association with membranes etc (any accurate role of the modification);
7. attachment of ubiquitin;
    marks the protein for degradation at a proteosome;
(Half-mark system)
[NJC Prelim 2010 H2 P2 ans]
At Translational Level:

1. Half life of RNA:

• Controlling mRNA stability through degradation by exonucleases
• Shortening of poly-A-tail to a certain length causes 5’ cap to be removed and thus mRNA to be very susceptible to exonucleases

• Binding of micro RNAs (miRNA) complementary to mature mRNA will form double stranded RNA thus preventing ribosome from binding or moving down mRNA / translating mRNA
• or bring about the degradation of the mRNA
• Binding of regulatory proteins to untranslated region (UTR) on mRNA can also activate or inhibit translation by affecting binding of ribosome

2. Initiation of Translation

Protein Degradation means:
• Degradation of synthesized proteins by ubiquitin/proteosome system determines how long the protein is present in the cytoplasm, which corresponds to the length of time enzyme is active. 

Post-translational Level:
Modification of protein synthesised to produce functional enzymes etc. This includes glycosylation, addition of Phosphate group etc, dimerisation, folding into specific 3D configuration

• Action of inhibitors: 
Too much products being synthesised could in turn act as an inhibitor, inhibiting the enzymes that synthesised the proteins. End-product inhibition 
NY Ans (Follow this):
At the translational level of regulation,
1. Phosphorylation/ dephosphorylation of translation initiation factors, thus activating or deactivating them for initiation of ribosomal binding;
2. Translational repressors (regulatory proteins) block translation by preventing ribosome attachment or advancement of ribosome;
3. Stability of mRNA - Greater the stability of mRNA, the longer it will be translated and hence more polypeptides expressed. Stability of mRNA depends on the length of the poly A tail;
4. Cytoplasmic polyadenylation determines temporal control of gene expression. Only at certain stages of development, a mRNA with a naturally short poly A tail undergo cytoplasmic polyadenylation at the 3’ end by cytoplasmic polymerase, thus activating the translation of these mRNAs.
5.  Preferential localisation of mRNA can enable certain mRNA to be concentrated specifically where it is needed most for polypeptide to be synthesised at that location only (spatial control)
6. Presence of RNAi e.g. miRNA/siRNA binds to complementary segments on mRNA, hence preventing translation/forms a complex with an enzyme which will degrade any 
mRNA which has complementary segments to the siRNA;

(max 5M for translational level)

At the post-translational level of regulation,
7. Biochemical modification - phosphorylation/glycosylation (attachment of cabohydrates and phosphate groups) activate the protein or make it functional for its role in cell;
8. Structural modification – certain amino acids of a protein are removed to produce mature and functional protein when needed;
9. Protein degradation - attachment of ubiquitin marks the protein (misfolded or excess) for degradation at a proteasome. Decreases expression of gene;
(One mark system)
[NYJC 2013 MYE] Outline the significance of post-translational modification of eukaryotic proteins. [6]
1. Biochemical modification: Addition of biochemical functional groups (phosphorylation / glycosylation) activate protein for function in cell / regulate biological activity of proteins
1. E.g. phosphorylation of protein kinases in signal transduction; 
1. E.g. glycosylation / addition of carbohydrate chains to proteins to from glycoproteins involved in cell-to-cell recognition / receptor;
1. E.g. proteins are tagged to be incorporated in various cellular and organelle membranes / to direct proteins to particular locations inside / outside cell 
9.  It extends the range of functions of the proteins;
1. Protein degradation: Excess or misfolded @ damaged ® dysfunctional / non-functional proteins can be marked for degradation by ubiquitin tagging;
1. Proteasomes degrade proteins into amino acids for recycling / reused for synthesis of new proteins; ® exonucleases 
1. Structural modification such as removal of amino acids from the protein may occur to produce the mature protein.
1. E.g. proinsulin / trypsinogen / pepsinogen to form a functional protein;
Examiner’s comments:
Some students misread the question and wrote about post transcriptional modification.
Post-translational modification is NOT referring to subunits of proteins coming together to form quaternary structure. 

***[2013 H2 P2] Outline the differences between prokaryotic control of gene expression with the eukaryotic model. [10]
(Refer to comparison table in lecture notes)
	
Level of Control
	
	Eukaryotic Gene Expression
	Prokaryotic Gene Expression

	Chromatin level
	Histone acetylation
	Histone acetylation  neutralizes positive charge  DNA more accessible to transcriptional machinery  increased rate of transcription
	Not applic[able as packing of prokaryotic DNA do not involve histone proteins

	
	DNA methylation
	DNA methylation  attracts enzymes which increase condensation  decreased rate of transcription  methylated sections usually silenced
	DNA methylation occurs in prokaryotic DNA but not associated with DNA packing. Usually as means of discriminating between foreign and endogenous DNA for restriction endonucleases

	
	
	
	

	Transcriptional level
	Transcription initiation
	Eukaryotic RNA polymerase cannot bind core promoters on its own require basal TF and TATA binding proteins  assembly of transcription initiation complex basal rate of transcription
	Prokaryotic RNA polymerase can bind directly to core promoter without aid of TF basal rate of transcription of operon

	
	Enhancing effects
	Distal elements present  enhancer  binding of activators  increased rate of transcription
	Lack distal control elements but contains CAP site  binding of CAP  positive control  increases rate of transcription

	
	Inhibitory effects
	Silencer  binding of repressors  decreased rate of transcription
	Contains operator site within operon binding of repressor  prevents transcription  allowing inducibility of operon

	
	
	
	

	Post-transcriptional level

	RNA processing
	Addition of 5’ cap, 3’ polyA tail, splicing of introns mRNA not properly processed cannot be transported out / translated
	Lack RNA processing as control because prokaryotic mRNA do not possess introns

	
	RNA transport
	Mature mRNA transported to cytoplasm via nuclear pores. Improperly processed mRNA not transported out
	Not applicable as nucleoid region not surrounded by nuclear membrane  simultaneous transcription and translation

	
	
	
	

	Translational level
	Initiation
	Initiated by recognition of AUG sites by small ribosomal subunit  first amino acid methionine
	Initiated by recognition of AUG sites by small ribosomal subunit ribosomal subunits different from eukaryotic  first amino acid N-formyl-methionine

	
	Translational repressors
	Translational repressors bind at 5’ UTR to prevent translation initiation
	Prokaryotic 5’ UTR very short and translational repressors bind near ribosomal binding site to prevent translation

	
	Stability of mRNA
	Eukaryotic mRNA more stable due to 5’ cap and poly A tail present in cytoplasm for longer period of time for translation 
	Prokaryotic mRNA  no poly A tail or 5’ cap  have shorter half-life  RNAses in cytosol of bacteria degrade mRNA quickly

	
	Antisense RNA
	Antisense RNA produced prevent translation called miRNA or siRNA  forms duplex RNA which ribosome cannot bind  duplex RNA is degraded
	Antisense RNA mechanism  forms duplex RNA which ribosome cannot bind  duplex RNA is degraded

	
	
	
	

	Post-translational level
	Biochemical Modification
	Addition of biochemical groups to proteins  activate protein / increase range of function  mechanism to activate protein function
	Biochemical modification not as significant  lack organelles such as ER & Golgi  cannot add biochemical groups

	
	Protein degradation
	Unwanted/ misfolded proteins can be degraded  proteasomes & lysosomal degradation
	Prokaryotes lack lysosomes & proteasomes  but possess other mechanism of degrading proteins

	
	Feedback inhibition
	Feedback mechanism present to control gene expression 
	Feedback mechanism present to control gene expression


 [SAJC Prelim 2010 H2 P2] Outline the differences between prokaryotic control of gene expression with the eukaryotic model. [8]
For every comparison:
½ mark for correct comparison
½ mark for correct information
Chromosomal Level (max 2)
	Prokaryotes
	Eukaryotes

	1. DNA and histone modification cannot occur (Prokaryotic DNA does not form chromatin / not associated with histones)
	DNA and histone modification can occur, resulting in conversion between euchromatin and heterochromatin, and hence the ease of transcription
(Eukaryotic DNA is complexed with histones and other proteins to form chromatin / associated with histones)

	1. DNA sequences, including operators and activators, serve as the on/off switch
	Structure of chromatin – euchromatin, ready to be transcribed, or heterochromatin and not available – is the major on/off switch for gene regulation

	1. Prokaryotic DNA not organised into chromatin.
	Initiation of transcription of eukaryotic genes requires that the compact chromatin fibre, characterised by nucleosome coiling, to be uncoiled and the DNA made accessible to RNA polymerase and other regulatory proteins.



Transcriptional Level (max 2)
	Prokaryotes
	Eukaryotes

	1. One RNA polymerase consisting of five subunits 
/ All RNAs synthesized by the same RNA polymerase; 


	Occurs within the nucleus under the direction of three separate forms of RNA polymerases, each containing 10 or more subunits; different polymerases transcribe different genes 
/ Three different classes of RNA each synthesized by a different RNA polymerase

	1. Simple regulatory sequence: Transcriptional regulatory protein / Regulator protein binds to DNA-binding sites upstream of the cluster of structural genes to regulate initiation of transcription. 
	Complex regulatory sequence: More extensive interaction between upstream DNA sequences and protein factors involved to stimulate and initiate transcription. In addition to promoters, enhancers and silencers control rate of transcription initiation

	1. Related genes are transcribed together as operons 
/ only 1 promoter
/ polycistronic mRNA
	No operon 
/ each gene has own promoter / monocistronic mRNA


Post-transcriptional Level (max 2)
	Prokaryotes
	Eukaryotes

	1. Translation is often coupled to transcription (Transcription and translation take place in the same cellular compartment simultaneously)
	No direct coupling of transcription and translation. (mRNA must pass across nuclear envelope before translation in the cytoplasm. RNA transcript is not free to associate with ribosomes prior to the completion of transcription).

	1. Primary transcripts are the actual mRNAs
/no post-transcriptional modification
	Primary transcripts undergo processing to produce mature mRNAs
/ post-transcriptional modification

	1. Triphosphate start at the 5’ end
/ No tail at the 3’ end
/ No splicing
	Methylated guanosine cap at the 5’ end
/ Poly-A tail at the 3’ end
/ Splicing occurs (also alternative splicing)

	1. Lower stability of transcript 
/ degradation within seconds or minutes 
/ mRNAs shorter half life to rapidly respond to environmental changes
	Higher stability of transcript
/ prevent transcript degradation 
/ mRNAs longer half-life remaining much longer to orchestrate protein synthesis prior to their degradation by nucleases in the cell


Translational level (max 2)
	Prokaryotes
	Eukaryotes

	1. Control at this level is unlikely; due to simultaneous transcription and translation
	Control at translational level:
phosphorylation of ribosomal translation initiation factors
/ negative translational control through regulatory proteins
/ cytoplasmic elongation of poly (A) tails
/ mRNA degradation
/ RNA interference and microRNA

	1. Unique initiator tRNA carries formylmethionine
	Initiator tRNA carries methionine

	1. Smaller ribosomes
/ less complex rRNA and protein components
	Occurs on ribosomes that are larger
/ rRNA and protein components are more complex than those of prokaryotes

	1. mRNAs have multiple ribosome binding sites 
/ direct the synthesis of several different polypeptides
	mRNAs have only one start site
/ direct synthesis of only one kind of polypeptide

	1. Small ribosomal subunit immediately binds to the mRNA’s ribosome binding site

	Small ribosomal subunits bind first to the methylated cap at the 5’ end of the mature mRNA and then scans the mRNA to find the ribosome binding site, the AUG start codon


Post-translational Level (max 2)
	Prokaryotes
	Eukaryotes

	1. no/minimal post-translational modifications occur
	Post-translational modifications determine the functional abilities of the protein

	1. 
	Proteolysis: Processing eukaryotic polypeptides to yield functional protein molecules e.g. cleavage of pro-insulin to form the active insulin hormone

	1. 
	Chemical modification of proteins to yield functional protein molecules

	1. 
	Phosphorylation of proteins to increase or decrease its function

	1. 
	Transportation of proteins to target destinations in the cell where it functions is mediated by signal sequences at N-terminus of some proteins. Once transported to destination, signal sequence is enzymatically removed from the proteins

	1. 
	Ubiquitination marks protein for degradation, ref to ubiquitin & proteasome



[AJC 2008] Compare and contrast the control of gene expression in prokaryotic and eukaryotic cells. [6] Same as above.
18. [Tutorial] Comment on the need for a higher-level genome organization in eukaryotes. [5]
T: Comment with reasons; T: Organisational & Control Eukaryotic Cells; 
F: Reasons for organisation: genome size; control of gene expression

1. Need for higher level genome organisation because eukaryotes have a large genome size 
1. and can be multicellular, thus the requirement for control of gene expression;
Large genome size:
1. Larger DNA molecules with more number of base pairs / More number of chromosomes; 
1. require extensive packing to fit into nucleus;
1. condensation of DNA into chromosomes to facilitate segregation during mitosis/ meiosis;
Multicellular:
1. Need for differential gene expression to give rise to the different specialised cells in the organism;

19. Describe how mutations in proto-oncogenes and tumour suppressor genes may result in cancer. Specific examples must be quoted to substantiate your answers. [6]
[NJC 2014] Describe the functions of common proto-oncogenes and tumour suppressor genes and explain how loss of function mutation and gain of function mutation can contribute to cancer. [6]
	
	
[Definition of Proto-oncogenes, e.g. ras gene]: [Max 1m]

1. Proto-oncogenes codes for protein products that stimulate NORMAL cell division and cell growth. These proteins are involved in signal transduction pathway. 
1. example ras gene which codes for a G protein ;relays a signal from growth factor receptor (GPCR) which results in activation/stimulation of cell cycle;

Mechanism of the Mutation: [Max 1m]

1. Gain of function mutation is dominant as only one allele of the ras gene (proto-oncogene) needs to be converted to an oncogene. 
Note: Reject: mutation in only one ras gene  you are imply that there is more than one gene/ The use of the word copies instead of alleles
1. This is sufficient for the over-expression of proteins which can lead to excessive cell division  cancer Phenotype;

Outcomes: Any 1

1. Gain of function mutations in the ras gene can lead to: 
1. production of a hyperactive Ras protein (even in the absence of a signal);
1. increase expression leading to excess amounts of Ras protein (G protein);
1. kinase cascade is triggered continuously; even in the absence of growth factor, resulting in excessive cell division;

[Definition of Tumour Suppressor genes-, e.g. p53 gene]: [Max 1m]

1. Tumour suppressor genes e.g. p53 codes for p53 protein which is a transcription factor; that promotes the expression of genes / synthesis of p53 proteins. Functions of p53 proteins:
0. p53 will inhibit cell division when necessary during DNA damage;
0. activate other genes (e.g. p21) that synthesise proteins that repair damaged DNA 
0. Gene products may trigger cell death (apoptosis) if DNA damage is beyond control.  

Mechanisms of the mutation: [Max 1m]

1. Loss of function mutations that decrease the expression of the gene / cause protein to be less or inactive, thus giving rise to a mutated tumour suppressor gene. 
1. Most loss-of-function mutations are recessive, because in a heterozygote the second chromosome copy (allele) carries an unmutated version of the gene, sufficient to code for fully functional proteins whose presence compensates for the effect of the mutation.
1. mutations in both p53 alleles of the tumour suppressor gene are required to cause the cancer phenotype;

Outcomes: Any 1 [Max 1m]

1. mutation of p53 results in failure to express genes such as
0. p21 or genes involved inhibition of cell cycle, hence cell cycle cannot be inhibited / suppressed during DNA damage;
0. genes, the protein products of which are involved in DNA repair, hence cancer-causing mutations cannot be repaired;
0. suicide genes which are activated for cells whose DNA damage is beyond repair, hence apoptosis is inhibited;

1. absence of inhibition / suppression of cell cycle result in uncontrolled cell growth;


Summary point

1. The accumulation of mutations including the appearance of 1 active oncogene and several tumour suppressor genes is required for cancer to develop.




20. [NYJC Prelim 2010/ 16] Describe why the development of cancer is a multi-step process. [8] (Follow NY ans):
1. Proto-oncogenes are involved in normal cell proliferation / division;
1. Mutation of proto-oncogene is a gain-of-function mutation and requires at least one copy of proto-oncogene to be mutated;
@ Oncogenes behave as dominant alleles/ only need one mutated allele to produce abnormal protein + lead to stimulation of the cell cycle / cell keeps dividing
1. Tumour suppressor genes are involved cell proliferation / division and promote apoptosis;
1. Loss-of-function mutation of both copies of tumour suppressor alleles;
@ mutant tumour suppressor alleles are usually recessive/ mutations must knock out both alleles in a cell’s genome to produce abnormal protein + loss of arrest of cell division to allow more time for the cell to repair its DNA / loss of ability for DNA repair / loss of apoptosis
1. Accumulation of mutations in proto-oncogenes and tumour suppressor genes;
1. Activation of genes coding for telomerase in somatic cells to lengthen telomere;
1. Removes a natural limit on the number of cell divisions / results in uncontrolled proliferations of cancer cells forming tumour;
1. Tumour angiogenesis is the formation of new blood vessels, which deliver nutrients and oxygen to tumour to facilitate its growth and to remove any waste products, 
1. Metastasis allows cancer cells to be transported by the circulatory system, and invasion of cancer cells into surrounding tissues/ to distant sites resulting in formation of secondary tumours;
(1 Mark system)
Accept after point 8 (Below points 10-15 - half- mark each):
10 loss of contact inhibition / density-dependence (and cells do not stop dividing)
11 loss of ability to differentiate
12 formation of benign tumour
13 cells in the tumour no longer exhibit anchorage dependence / loss of cell adhesion
14 metastasis / break loose and may enter the bloodstream / invade other tissues form secondary tumors
15 tumour is considered malignant

[HCI 2014 ans - Half-mark system]
1. It is a multistep process due to accumulation of independent mutations; 
1. in cancer-critical genes;
1. occurring in the lineage of a single cell;.
1. There are gain-of-function mutations in proto-oncogenes; 
1. and loss-of-function mutation in tumour suppressor genes; 
1. This mutations result in uncontrolled cell division;
1.  whereby the rate of cell division is greater than the rate of cell death; 			 
1. Activation of telomerases; occurs whereby
1. telomerase gene is expressed to produce telomerase;
1. to lengthen telomere/maintain telomere length;
1.  so cancerous cells can continue to divide infinitely/ reach replicative immortality /escape Hayflick limit/escape replicative senescence (any one); 					           
1. Angiogenesis is the formation of new blood vessels;
1. Genes coding for angiogenesis-activating proteins are expressed in cancer cells;
1. to produce angiogenesis-activating proteins to form blood vessels;
1. These blood vessels deliver nutrients and oxygen, and remove waste products; from tumour 
1. Metastasis is a process of direct migration and penetration / invasion of cancer cells into surrounding tissues;
1. allowing cancer cells to be transported by the circulatory system/bloodstream; 
1. to establish new secondary tumours; at these sites.	
21. [TPJC 2010] Explain how one named factor increases the chances of cancerous growth. [4]
[bookmark: _GoBack](Refer to tutorial ans below)
1. Named factor: ionizing radiation / UV light / tar in cigarette smoke etc
1. Gives any form of example of how DNA can be mutated e.g. point mutation (e.g.), translocation of DNA to active promoters etc. 
1. Damage to DNA which cannot be repaired
1. Mutation to proto-oncogenes / tumour suppressor genes 
1. Results in the synthesis of mutated gene products which leads to uncontrolled cell division leading to cancer/increases chances of cancerous growth [R: uncontrolled cell division;]
[Tutorial N2008/P2/Q4] Explain how one named factor can increase the chances of a cancerous growth. [3]
	Physical factors include ionising radiation / UV light / @ tar in cigarette smoke
Chemical factors include ethidium bromide / asbestos / coal dust /
Biological factors include retrovirus / DNA virus / fugus (Aspergillus flavus)
Genetic factor, i.e. gametes from parents containing cancer causing genes;

	This factor may lead to mutation of (gain-of-function mutation of) proto-oncogenes /
(loss-of-function mutation of) tumour suppressor genes;

	Accumulation of such mutations results in uncontrolled cell division / proliferation
forming tumour;


4th point – Give any form of example of how DNA can be mutated: 
Mutation of DNA could be caused by the following
1. Ionising radiation: α / β / γ radiation, X-ray
0. Radiation causes formation of chemically active ions in the cells which are capable of damaging and breaking DNA strand
1. Ultra-violet light
1. Absorption of UV causes DNA to increase in energy level. This causes the nitrogenous bases to be more reactive and react with surrounding molecules.
1. Chemicals (carcinogens): ethidium bromide, asbestos, coal dust
2. Chemical react with bases and causes incorrect base pairing, results in insertion or deletion of base pair.
These factors result in damage of DNA which may lead to gene mutation of proto-oncogenes and tumour suppressor genes;
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5. Spontaneous mutation occurringinthe RNAgenome;
6. Resultingin change in the specific hree-dimensional conformation of viral proteins /
glycoproteins;

RIC/ 2008/ Prelim

8 (a) Discuss how regulation of gene expression can ocaur at the transiational
‘and postranslational level n a eukaryotic cell.

At the translational level of regulation,
1. regulatory proteins;
block translation by preventing ribosome attachment;
2. elongate poly(A) tail which was originally shortened;
tosignal for initiation of transation;
3. phosphorylationgephosphoryiation of translation nitiation factors;
nhibit translation by binding to factorlactivate by releasing factor or
eg
©IF2 and elFs;
4.length of poly(A);
because enzymes will degrade the tail once mRNAenters the
cytosol, and
‘once the tail reaches a certain length, the mRNAWill be degraded
rapidly;
(same point for certain UTR regions having greater affinity for
ribosomes
‘and presence of 5’ capprotectin mRNA from degradation)
5. presence of RNA| e.g. mRNAISIRNA;
binds to complementary segments onmRNA, hence preventing
translationfforms a complex with an enzyme which will degrade any
‘mRNAWhich has complementary segments tothe SIRNA;

At the post translationallevel of regulation,
6. phosphorylationiglycosylation efc (any biochemical modification
that sets.
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Telomeres

Ends of a inear eukaryotic chromosome, containing non-coding DNA / short tandem
repeats / multple repetitions of one short nucleotide sequence;
‘Stabilize the ends of chromosomes;
Prevent ends of different chromosomes from acidentally fusing / joining with each ofher
via the 3 overhang;

Protect important genes near the telomeres from being lost by delaying the degradation
during replication;

Provide a counting mechanism for the number of cell division a cell can undergone
before apoptosis / cell death / lmit number of divisions cel can undergo;

Centromeres

highly repetitve (satelite) DNA + consircted region on metaphase chromosome;
Kinetochore proteins are wrapped around centromere which i the inerface between
microtubules of spindle fiore and DNA of centromere;,

Holds two sster chromatids together,

Involved in chromosomal movement during nuciear divsion / mitosis / meiosis;
Involved in alignment of chromosomes during metaphase + separation of chromatids.
lehromosomes during anaphase;

@

‘Starting from origin of replication, segment of double helix is unwound and unzipped by
helicase and hydrogen bonds between strands are broken;

Both strands serve as template for replication;

Each strand is bound and stabiized by single-stranded binding profeins, preventing them
from rewinding in the region just befind the repiication fork;

‘Topoisomerase introduces a break i a single strand, allowing the sirand to rotate.
‘around the break, and reseals the sirand, thus eliminating positive supercoll;

Each parent strand acts as a template for the synthesis of new daughter strand;

RNA primers are laid down by primase in the 5'to 3" direction on both sides of replication
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