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1.
Panel A (Figure 1) shows the growth of (and glucose consumption by) the bacterium Salinibacter ruber in the presence of 1g glucose per litre plus 1g yeast extract per litre AND 1g fructose per litre plus 1g yeast extract per litre (in separate culture flasks). Cell growth was monitored by measuring the turbidity of the cultures (as optical density at 600nm). Panel B shows the growth curve of the glucose‑grown culture (from Panel A) represented as a semilogarithmic plot and indicates that the culture exhibited diauxic growth.

Figure 1
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Figure taken from: FEMS Microbiol. Lett. (2003); 223: 83-87

1(a).
What does this experiment show about the relationship between glucose consumption and growth of the bacterium in the glucose-grown culture (Panel A)? Focus your attention on the first 5 days of the experiment.

(3)

1(b).
What can you conclude about the utilisation of fructose in the fructose-grown culture (Panel A)? Explain your answer.


(3)

1(c).
Describe what occurs in diauxic growth and then explain why the graph in Panel B has two exponential phases.



(4)

[10]

2(a).
Six (6) ml of un-pasteurized milk was mixed with 54 ml of sterile diluent. Two successive 1/100 dilutions were then made. One-tenth ml (100µl) was plated from the last (most dilute) dilution onto an agar plate of an all-purpose culture medium. After incubation, 94 colonies were counted.
(i)
Draw a flow-diagram to outline the experiment.
(4)

(ii)
Calculate the number of colony forming units (CFUs) per ml of un‑pasteurized milk.




(4)

2(b).
If the first dilution made in the problem in 2(a) had instead involved one millilitre of milk being added to nine ml of diluent, would there be any change to the calculated number of CFUs/ml? Briefly explain your answer.

(2)

[10]

3.
A major problem in tilapia aquaculture is the frequent reproduction of female fish, leading to increased competition for supplemented food and stunted somatic growth. The feasibility of using photoperiod manipulation to arrest the reproductive performance of tilapia (Oreochromis niloticus) was therefore examined by Biswas et al. (2005). Newly hatched O. niloticus were reared in the laboratory under 12L:12D photoperiod at 28 oC. Fish (230–340 g) were maintained under 6L:6D, 12L:12D and 14L:10D photoperiods at 28 oC during the course of the study. The effect of photoperiod manipulation on fecundity, egg quality, offspring viability and overall reproductive success was evaluated. Examine the results of the study in Table 1 and answer the questions that follow.

[image: image2.wmf]
3(a).
Explain what is meant by photoperiod 14L:10D.

(2)

3(b).
Why did the authors measure fish length and weight at each spawning?
(2)

3(c).
What does n=7 (Table heading) mean?


(1)

3(d).
Discuss the data presented in Table 1, and explain what the experiment shows with regard to controlling tilapia reproduction during grow-out.
(5)

[10]

4.
A Swedish research group is investigating the use of wheat bran as a cheap substrate for industrial ethanol production (Palmarola et al., (2005) Bioresource Technology; 96: 843). Various methods were tried to hydrolyze the abundant polysaccharides in bran to yield a sugar feedstock suitable for fermentation into bioethanol. The composition of wheat bran is listed in Table 2.

Table 2: Composition of wheat bran

	
	g/100g Wheat bran

	Cellulose
	10.5

	Xylan
	18.3

	Arabinan
	10.2

	Galactan
	  1.1

	Starch
	34.0

	Lignin
	  5.0

	Crude protein
	13.5

	Total
	92.5


The results from their experiment using heat pretreatment for different time periods, followed by enzymatic hydrolysis, are given below (Figure 2).
[image: image3.jpg]Time (min)
Temp. (°C)

Arabinose

@ Xylose
m Glucose

_
.
5 0 5 0 5 O
~N ~ - -

(g4s 6 001/6) p1aiA Jebng




Figure 2. Effect of temperature and residence time on the pretreatment of starch-free bran (SFB) followed by enzymatic hydrolysis for 72h at 50°C and pH 5.

4(a).
What is meant by “residence time”?



(1)
4(b).
Describe the most significant results shown here.

(4)

4(c).
If they were using a yeast that cannot ferment xylose or arabinose, what treatment would be the most effective in generating fermentable sugars for conversion to bioethanol?




(2)

4(d).
What enzymatic treatment would they have used on the wheat bran in this experiment?






(3)

[10]
5.
Corinne Le Dantec, Jean-Pierre Duguet, Antoine Montiel, Nadine Dumoutier, Sylvie Dubrou, and Véronique Vincent (2002) Chlorine Disinfection of Mycobacteria Isolated from a Water Distribution System. Applied and Environmental Microbiology; 68: 1025–1032.
Mycobacteria have been recovered from a wide variety of environmental sources, including water. They are found in drinking water distribution systems as residents able to colonize, to survive, to persist, and to grow in tap water and are not contaminants from another source. Most of them are saprophytic, although some are potential pathogens and may be involved in lung diseases.

To evaluate the efficiency of drinking water treatment against mycobacteria, it is necessary to evaluate the adequacy of disinfection conditions, such as chlorination. The chlorination efficiency was investigated for Mycobacterium gordonae isolated from the water distribution system in Paris, France. Different parameters affecting chlorination efficiency, including pH, temperature, and the composition of the medium were investigated.

5(a).
What is the mode of action of chlorine?


(2)
5(b).
With reference to the Figures below, comment on the effects of temperature, pH and composition of the medium on the efficiency of activity of chlorine against M. gordonae. Explain why you think these results were obtained.
(6)

5(c).
Recommend a standard set of conditions under which you think chlorination of water should be undertaken to ensure that mycobacterium would be eliminated from drinking water, mentioning any possible hazardous conditions that might be associated with chlorination.


(2)
[10]
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Figure 3. Effects of temperature on chlorine inactivation of M. gordonae. Experimental conditions at the various temperatures were pH7 and an initial chlorine concentration of 0.5 mg/litre. N0, initial number of colony forming units; N, number of colony forming units at each time point.
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Figure 4. Effects of culture medium on chlorine inactivation of M. gordonae suspended in either water or complex growth medium.  Experimental conditions were pH7, a temperature of 25oC and an initial chlorine concentration of  0.5 mg/litre. N0, initial number of colony forming units; N, number of colony forming units at each time point.





Figure 5. Effects of pH on chlorine inactivation of M. gordonae suspended in phosphate buffer of the pH indicated. Experimental conditions were a temperature of 25oC and an initial chlorine concentration of 0.5 mg/litre. N0, initial number of colony forming units; N, number of colony forming units at each time point.
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