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Directions to Candidates

· Answer ALL questions in Section A, any TWO questions from Section B and ONE question from Section C.   Write all your answers in the separate booklet provided.

· If more than two questions from Section B are attempted, only the best two answers shall be taken into consideration.

· If more than one question from Section C is attempted, only the best answer shall be taken into consideration.

· 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.

SECTION A (Answer all questions in this section):

1. Read the extract below carefully and afterward, from the information given and from your knowledge of biology, answer the questions that follow.  The numerals in the left-hand margin are line numbers.

 Natural-born killers enlisted to fight anthrax 
Researchers at The Rockefeller University have hit upon a promising method for rapidly and effectively treating people infected with the deadly anthrax bacterium - including feared drug-resistant strains. The new research, reported in the August 22 issue of Nature, takes advantage of anthrax's number one natural enemy: bateriophage. 

"We now know that anthrax is a real threat," says Vincent A. Fischetti, Ph.D., head of the Laboratory of Bacterial Pathogenesis and Immunology at Rockefeller and principal author of the paper.   "But even more of a threat are multidrug-resistant strains of anthrax, which may occur naturally or may be engineered by terrorists using common molecular techniques. Consequently, alternative strategies for combating these dangerous strains are needed now more than ever." 

Phage (plural) are the most abundant life form on earth and can be found anywhere that bacteria thrive, such as soil, water and sewage.

In the Nature study, Fischetti and co-authors Raymond Schuch, Ph.D., and Daniel Nelson, Ph.D., focused on a phage that specifically infects the biowarfare agent Bacillus anthracis - anthrax. They isolated the enzyme that allows these phage to rupture and escape from the anthrax bacterium and showed that just drops of it can almost instantaneously destroy a test tube full of these deadly bugs - including the weaponized "Ames" strain, which was linked to the anthrax cases following September 11, 2001. 

"This enzyme is almost as effective as pouring bleach over these organisms," says Schuch, first author of the paper. "There is no other known biological agent that kills this quickly." But unlike bleach, this enzyme is what Fischetti calls a "targeted killer." Because it is derived from a phage that specifically infects anthrax, it too will attack only this species. 

"We tested the enzyme on many different types of bacteria, even related bacilli, such as the microbial insecticide Bacillus thuringiensis (also known as 'Bt'), and found that it didn't touch them," says Fischetti. 

The researchers also tested the enzyme on mice infected with a non-infectious close cousin strain of anthrax, called Bacillus cereus. All mice die within four hours of being infected with this pathogen. But when the researchers injected a dose of the new enzyme into the abdominal cavity of the mice 15 minutes after they were infected with B. cereus - also through injection into the abdominal cavity - 70 to 80 percent of them lived. 

In addition to treating anthrax infections, the new enzyme could potentially be used as both a decontaminant of anthrax-infected areas and as part of a hand-held anthrax detection device, says Fischetti. These latter applications depend on the ability of this enzyme to detect anthrax spores. 

In the Nature report, the researchers show that this enzyme can be used in combination with a germinating agent to wipe out spores. The germinating agent, called L-alanine, tricks the anthrax into thinking it's time to wake up. But before these sleepy bacteria have a chance realize they've been duped, the phage enzyme goes to work, killing them almost instantaneously. 

Fischetti says that this lethal combination of enzyme and germinating agent could be used to both detect and eliminate spores that may lurk in mailrooms or subway stations, in addition to those stubborn few that might remain hidden in people's noses.

The idea of using phage to fight bacterial infections is not new. Beginning in the 1930s, Soviet physicians employed whole phage, also referred to as "phage therapy," to treat a variety of bacterial infections with moderate success. However, like antibiotics, bacteria develop resistance to phage, rendering the treatment ineffective. 

Fischetti's new approach of using solely an enzyme derived from the phage gets around this obstacle. This particular enzyme, which is known as a lysin, helps newly assembled phage to escape from the bacteria by chewing up an essential cell wall bond, in effect punching "holes" in the bacteria's outer barrier, which then causes it to explode. Thus, for the anthrax to develop resistance to the enzyme, it would have to alter this fundamental structure. According to the Rockefeller scientists, this would take a very long time. 

Adapted from: Rockefeller University News Release.  21st August 2002.

1.1 What is bacteriophage? (line 5)
	[two marks]


1.2 How may bacteriophage attack Bacillus anthracis?
	[three marks]


1.3 Suggest a possible sequence of evolutionary events through which multi-drug resistant strains of anthrax may arise (lines 9-10).
	[three marks]


1.4 Phage is referred to as “the most abundant life-form on Earth” (lines 14-15).  Several biologists may dispute the claim that phage is a life-form.  Why do you think this is?
	[two marks]


1.5 Why have the researchers been trying to isolate a “targeted killer”? (lines 28-29)

	[three marks]


1.6 The research team tested the phage-derived enzyme on Bacillus cereus infecting mice (lines 35-36) when the actual target is Bacillus anthracis infecting humans.  Why is this?  
	[two marks]


1.7 Why do you think that experimental results concerning the effect of the phage-derived enzyme on one species with a particular host can be reliably extrapolated to explain symptoms caused by a different species with a different host? (lines 35-40)
	[one mark]


1.8 What is a spore? (line 45)
	[one mark]


1.9 To what class of organic compounds does the germinating agent belong? (line 49).
	[one mark]


1.10 It would obviously have been easier -and therefore less costly- for the research team to use whole phage rather than an extract from it.  What are the long-term benefits of using an extract rather than entire phage particles?

	[two marks]

[Total: twenty marks]


2. Temporary freshwater rockpools in the Maltese Islands are habitats that contain water from September to April and are dry for the rest of the year.  They are generally colonised by an assemblage of detritivorous microcrustaceans (including ostracods, copepods, fairy shrimps and water fleas) as well as specialised aquatic angiosperms and freshwater algae.  Microcrustaceans and aquatic vegetation can only survive when water is present in the pool.   A researcher is testing the hypothesis that larger pools harbour more species of microcrustaceans than smaller pools.  Data concerning pool size (measured as pool surface area), hydroperiod duration (the period of time for which the pool contains water) and angiosperm diversity (number of species of aquatic angiosperms in a pool) was collected from ten pools and is summarised in the table below:

	Pool number
	Size (m2)
	Microcrustaceans

(species)
	Aquatic angiosperms (species)
	Hydroperiod duration (weeks)

	1
	7.11
	6
	5
	23

	2
	5.12
	2
	1
	8

	3
	8.46
	2
	1
	6

	4
	4.22
	1
	0
	12

	5
	6.49
	3
	0
	14

	6
	9.37
	9
	6
	24

	7
	4.58
	8
	5
	27

	8
	5.65
	3
	2
	12

	9
	3.33
	2
	0
	9

	10
	5.12
	1
	0
	5


The researcher also calculated a coefficient of correlation between each of the variables measured as follows:

	Comparison
	Correlation

	Microcrustaceans with aquatic angiosperms
	0.79

	Microcrustaceans with pool size
	0.47

	Microcrustaceans with hydroperiod duration
	0.93

	Aquatic angiosperms with pool size
	0.07

	Aquatic angiosperms with hydroperiod duration
	0.68

	Pool size with hydroperiod duration
	0.27


2.1 What may the researcher tentatively conclude regarding the effect of pool size on microcrustacean diversity?

	[two marks]


2.2 On what two factors does the diversity of microcrustaceans seem to depend most?

	[two marks]


2.3 Suggest reasons as to why these two factors are more significant than the other two.

	[six marks]


When designing a follow-up study, the researcher takes a number of new observations into consideration:

· Pools in which the water was covered by a surface layer of filamentous algae were characterised by a lower diversity of aquatic angiosperms than pools where filamentous algae were not dominant.

· Pools in which the water was covered by a surface layer of filamentous algae (including Spirogyra sp. and Zygnema sp.) were characterised by very low diversity of microcrustaceans.

· Pools in which the bottom mud was colonised by large terrestrial plants had very short hydroperiods.

2.4 Explain each of these three observations.

	[six marks]


2.5 Aquatic angiosperms such as the ones involved in this study often utilise bicarbonate, rather than carbon dioxide, as a source of carbon during photosynthesis.  Suggest a reason for this.

	[two marks]


2.6 The researcher notes that pool surface area seems to be a very poor predictor of hydroperiod duration.  Suggest another index of pool size that may be more suitable for this purpose.

	[two marks]

[Total: twenty marks]


SECTION B
(Answer any two questions from this section; your answers should take the form of essays.  Each question carries twenty marks).
3. Evaluate the role of the human kidney in excretion and osmoregulation.

4. Carbon is the basic building block of life.  Discuss.

5. Write an account about stimulus reception in animals.

6. Evaluate the role of isolating mechanisms in evolution.

SECTION C
(Answer ONE question from this section).
7. Write brief notes on each of the following:

7.1 The Bryophyta (mosses)

7.2 The Filicinophyta (ferns)

7.3 The Pinophyta (conifers)

7.4 The Anthophyta (flowering plants)

	[five marks each]

[Total: twenty marks]


8. Use your knowledge of biological processes to discuss the following points:

8.1 What is the role of meiosis in evolution?  Avoid protracted discussions of the mechanisms of meiosis.

8.2 Would the current level of biological diversity be any different if the continents were not separate but still united into one super-continent as they were 250 million years ago?

8.3 Why are insects the most successful animals on Earth?

8.4 What general impact on life would increasing levels of environmental acidity (caused by acidic precipitation) be expected to exert?  Avoid discussions of predicted effects on individual species and discussions concerning the processes that cause acid rain.

	[five marks each]

[Total: twenty marks]








