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OCR A2 Biology

7 Cellular control

1
(a)
DNA is double-stranded but RNA is single-stranded. DNA uses deoxyribose sugar but RNA uses ribose. DNA uses thymine but RNA uses uracil.


(b)
(i)
The nucleotide sequence is read in threes or triplets — each triplet codes for one amino acid.



(ii)
The mutation may alter a triple to a degenerate triplet — it does not change the amino acid that is coded.




The mutation may place a different amino acid in the protein, but this makes no change to the functionality of the protein.




The mutation occurs in the non-coding part of the DNA and has no effect on any protein.




The mutation is recessive and the organism can still make the normal protein from the dominant allele.


(c)
Protein synthesis is in two parts, transcription followed by translation. The synthesis follows the following sequence:

· A section of DNA is unwound and splits to expose the nucleotide bases.

· RNA nucleotides line up next to the exposed bases according to the complementary pairing rules. Adenine lines up opposite thymine in the DNA. Cytosine lines up opposite guanine. Guanine lines up opposite cytosine. Uracil lines up opposite adenine in the DNA.

· The nucleotides are joined together by condensation reactions using the enzyme RNA polymerase.

· The molecule produced is mRNA, which detaches from the DNA and leaves the nucleus via a nuclear pore. This is the end of transcription.

· Translation involves the ribosomes. The mRNA lines up on a ribosome.
· Amino acids are activated by combining with a molecule of tRNA. This tRNA is specific to the amino acid as it has a specific triplet of nucleotides called an anticodon. This anticodon is complementary to the triplets or codons on the mRNA.

· Inside the ribosome is space for two tRNA molecules. These bind to the codons on the mRNA and a polymerase enzyme joins the amino acids together in a chain.

· The tRNA is released to collect another amino acid and the ribosome moves along the mRNA molecule to join the next amino acid in place.

· Each amino acid is put in place according to the binding of the complementary triplets of nucleotide bases on the mRNA and tRNA.

· Once the amino acid chain is complete, it detaches to become a polypeptide which folds up.



Allow 1 mark for the sequence: DNA nucleotides exposed, mRNA made, mRNA leaves nucleus, ribosome used to build polypeptide.

2
(a)
(i)
Substitution.


(ii)
This may have no effect if the new triplet still codes for the same amino acid. However, it may alter one amino acid in the polypeptide and this could have some effect on the functionality. The effect could be minor if the shape of the polypeptide is not affected much.



(iii)
Deletion.


(iv)
The sequence of bases downstream of the change will all be different. This will have a major effect on the sequence of amino acids and will probably severely restrict the functionality of the polypeptide.


(b)
The homeobox genes produce proteins called transcription factors. These bind to the DNA to activate genes in a sequence that controls the development and body plan of the organism. If a mutation occurs in the homeobox sequence, the transcription factor would be altered and may not be able to bind to the DNA. This means that certain genes would not be activated at the appropriate time. As a result, the whole body plan of the organism could be altered.

3
(a)
Programmed cell death.

(b)
The cell shrinks, the nucleus and nuclear material disintegrate, organelles are grouped together and as the cell surface membrane disintegrates it forms vesicles around the groups of organelles. These vesicles are then taken up by phagocytosis.


(c)
Early development may result in the growth of structures that are no longer required in the adult. These structures can be removed by carefully controlled cell death and absorption — for example, the tail of a tadpole is removed as it develops into a frog.
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