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Directions to Candidates

· Answer ALL questions.  Write all your answers in the separate booklet provided.

· The mark allocation is indicated at the end of each question.  Marks allocated to parts of questions are also indicated.

· You are reminded of the necessity for good English and orderly presentation in your answers.

· In calculations you are advised to show all the steps in your working, giving your answer at each stage.

· The use of electronic calculators is permitted.

1. This question concerns enzymes.

1.1 What is an enzyme?

	[three marks]


1.2 How is the structure of an enzyme related to its function?

	[five marks]


1.3 Explain the following terms in the context of enzyme action:

(a) Allosteric control

(b) Feedback control

(c) Competitive inhibition

(d) Non-competitive inhibition

	[eight marks]


1.4 Enzymes are characteristically protein in nature.  Why is this so?  

	[four marks]

[Total: twenty marks]


2. The cell is generally considered as the basic unit of living organisms.

2.1 What is a cell?

	[two marks]


2.2 List THREE structural features or characteristics that are common to all types of cells.

	[three marks]


2.3 Which type of cell is evolutionarily more primitive, eukaryotic or prokaryotic?  Briefly give reasons for your answer.

	[two marks]


2.4 Why are large organisms generally composed of many small cells rather than a single large cell?

	[three marks]

[Total: ten marks] 


3. This question concerns cell membranes.

3.1 What is a cell membrane?

	[one mark]


3.2 Explain the following observations:

(a) Membranes are partially permeable.

(b) The two sides of a membrane may differ in composition and function.

(c) Membranes contain receptor molecules.

	[six marks]


3.3 Molecules or ions can traverse cell membranes through diffusion or active transport.  Distinguish between these two forms of transport stating the conditions required for each to occur.

	[three marks]

[Total: ten marks]


4. Borage (Borago officinalis) is a common plant in the Maltese Islands.  Its inflorescence is characterised by hirsute (hairy) pedicels and flowers with five blue petals.  Some plants with pink petals or hairless pedicels (or both at once) are occasionally recorded. Assume that the colour of the petals and the structure of the pedicel are controlled by different genes each of which has two alleles.  An experimenter crossed a homozygous plant with pink petals and a hairless pedicel with a homozygous plant characterised by blue flowers and a hirsute pedicel.  The F1 seeds were collected and germinated.  All F1 plants had blue petals and hirsute pedicels.  Use the following symbols when answering the questions that follow:

P – dominant allele for petal colour

p – recessive allele for petal colour

B – dominant allele for hairiness of pedicel

b – recessive allele for hairiness of pedicel

4.1 What are the genotypes of each of the parent plants?  

	[one mark]


4.2 What are the genotypes of the F1 seedlings?

	[two marks]


4.3 The experimenter self-pollinates the F1 plants.  What are the expected phenotypic ratios of the offspring?

	[four marks]

[Total: seven marks]


5. Chlamydomonas reinhardii is a small unicellular photosynthetic flagellate with a variable reproductive cycle.  The dominant individuals in a population are vegetative unicells (Stage A in the diagram below).  Vegetative cells generally undergo binary fission to produce daughter cells (Stage B) that may, in their own turn, divide further to produce a palmelloid colony of unicells (Stage C) that would eventually dissociate to form new vegetative cells (Stage A).  When nitrogenous food substances in the surrounding medium are scarce, the vegetative cells shed their cell walls to become gametes (Stage D).  Two gametes of opposite mating types fuse (Stage E) to form a diploid zygote (Stage F) with a resistant outer layer.  When favourable environmental conditions are restored the zygote undergoes meiosis to form new vegetative cells (Stage G).  The haploid number of chromosomes in Chlamydomonas reinhardii is sixteen.

[image: image4.bmp]
Figure 1: Sexual and asexual reproductive cycles in Chlamydomonas reinhardii
[Adapted from: Vickerman, K. & F.E.G. Cox (1967).  The Protozoa.  John Murray.]

5.1 How many chromosomes are present in each cell in the following stages:

(a) Stage A

(b) Stage B

(c) Stage F

(d) Stage G

	[four marks]


5.2 Explain why the gametes in Stage D cannot be produced by meiosis.

	[two marks]


5.3 Why is it advantageous for Chlamydomonas reinhardii to have a sexual stage in its life-cycle?

	[two marks]


5.4 Name ONE beneficial aspect of the asexual stage of the life-cycle.

	[one mark]


5.5 Why does the zygote have a resistant outer layer?

	[two marks]


5.6 Are the daughter cells in Stage B genetically identical or do they differ from each other?  Give a reason for your answer.

	[two marks]


5.7 Are the daughter cells in Stage G genetically identical or do they differ from each other?  Give a reason for your answer.

	[two marks]

[Total: fifteen marks]


6. The table below list a number of key features of evolutionary significance in animal phyla.  Copy and complete the table in your answer booklet indicating the features characteristic of each phylum.  Use a “1” to indicate presence of a feature and a “0” to indicate its absence from a phylum.  One column has been completed as an example.

	
	Cnidaria
	Platyhelminthes
	Annelida
	Arthropoda
	Mollusca
	Echinodermata
	Vertebrata

	Radial symmetry
	
	
	
	
	
	
	0

	Bilateral symmetry
	
	
	
	
	
	
	1

	Diploblastic organisation
	
	
	
	
	
	
	0

	Triploblastic organisation
	
	
	
	
	
	
	1

	Acoelomate
	
	
	
	
	
	
	0

	Coelomate
	
	
	
	
	
	
	1


	 [one half-mark for each correct answer]

[Total: nine marks]


7. The diagram below represents the principal stages in photosynthesis in C3 plants.
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Figure 2: Main stages in photosynthesis.  [Adapted from Torrance, J. (1979).  Higher Biology.  Edward Arnold.]
7.1 Why is photosynthesis referred to as a form of “autotrophic nutrition”?

	[one mark]


7.2 Identify Substance A and Substance B in the above diagram.

	[two[two marks]


7.3 In which part of the chloroplast does the light reaction take place?

	[one mark]


7.4 In which part of the chloroplast does the dark reaction (light-independent reaction) take place in C3 plants?

	[one mark]


7.5 What happens to a molecule of water during the light reaction?

	[one mark]


7.6 Which chemical reacts with carbon dioxide in the first step of the light-independent reaction in C3 plants?

	[one mark]


7.7 Which is the first stable chemical compound formed during the light-independent reaction in C3 plants?

	[one mark]


The light-independent reaction can also proceed through a C4 pathway.

7.8 List TWO significant differences between C3 and C4 photosynthesis.

	[two marks]


7.9 Name ONE anatomical difference between C3 and C4 plants.

	[two marks]


7.10 Plants using the C4 pathway exploit raw material more efficiently and generate higher yields relative to plants utilising the C3 pathway.  Why, therefore, are not all plants C4 plants?

	[two marks]

[Total: fourteen marks]


8. The figure below is a diagrammatic representation of one part of a myofibril (cross-bridges between protein filaments have not been included).
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Figure 3: Part of a myofibril.

8.1 What is a myofibril?

	[two marks]


8.2 Which type of muscle consists of myofibrils such as those shown in the figure above?

	[one mark]


8.3 Identify protein filaments X and Y.

	[two marks]


8.4 What will happen to the apparent widths of bands I, A and H upon contraction?

	[three marks]


8.5 Contraction is the only active process a muscle is capable of.  How is relaxation of this form of muscle achieved?

	[two marks]

[Total: ten marks]


9. This question concerns the circulatory systems of animals.

9.1 What are the main functions of a circulatory system?

	[two marks]


9.2 Distinguish between “single circulation” and “double circulation” systems.

	 [one mark]


9.3 Suggest ONE possible advantage of a double circulation, such as that of mammals and birds, over a single circulation such as that of fish.

	[two marks]

[Total: five marks]
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