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13 Marks
Water Purification

Question 1

Introduction

Prescribed water quality standards for recreational and other water uses, such as shellfish production, are typically based on contamination levels as indicated by fecal bacteria. However, bacterial indicators, such as the fecal coliforms, may not be representative of the behavior of human enteric viruses following wastewater disinfection.

A study was performed to compare the inactivation by chlorine disinfectant of seeded bacterial (E. coli and Enterococcus faecalis) and viral (MS2) indicators and poliovirus with that of their respective indigenous counterparts (E. coli, enterococci, FRNA bacteriophage, and enterovirus) in primary treated sewage effluent.

Method

Inactivation experiments

Wastewater (180 ml) was adjusted to pH 8 with 1 M HCl or 1 M NaOH and was mixed with 20 ml of disinfectant prepared at 10 times the required final residual. Prior to the addition of disinfectant in the seeding experiments, E. coli, Enterococcus faecalis, poliovirus, and MS2 were added to the same sample of wastewater at the same time. After the addition of disinfectant, samples of wastewater (25 ml) were taken at 5, 15, and 30 min. A second set of three samples of wastewater was prepared with the addition of 20 ml of sterile distilled water and processed as before to act as a disinfection control. The surviving organisms were detected using a range of appropriate culture techniques (details not required for this question). Results were plotted as log10 (Ns/No), where Ns is the number of survivors after disinfection and No is the original number of organisms before disinfection, against contact time (minutes).

1.1 What organisms were used in this study and why?   (4)

1.2  What is the mode of action of chlorine as a disinfecting agent and what factors could affect its effectiveness? Illustrate your answer using chemical equations.




(3)
1.3 By referring to Figures 1 and 2 below, report on the effect of the treatment on the bacteria.
(2)
1.4 By referring to Figures 1 and 2 below, report on the effect of the treatment on the viruses.
(2)
1.5 From these results, draw conclusions about the effectiveness of indicator strains used in the study in accurately reflecting the situation in primary treated sewage effluent.



(2)
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14 Marks
Food Microbiology

Question 2

The table below represents results from the analysis of three types of cheeses. Study the results carefully and answer the questions that follow.

	Sample
	Mass of weighing boat (g)
	Mass of fresh sample (g)
	Mass of weighing boat and dry sample (g)
	 Moisture

Content

(%)
	Fat content (g)
	Protein Content (%)

	A
	101.33
	5
	103.65
	
	1.33
	28

	B
	115.24
	5
	116.62
	
	1.41
	32

	C
	111.29
	5
	112.81
	
	1.60
	41


2.1       What is the moisture content of the three types of cheeses? 




(3)

2.2
How would the moisture content of the taste of the above cheeses? 


            (3)

Question 3

The graphical data below (Figure 1) was extracted from the paper  J-M. Membre, M. Kubaczka and C. Chene (1999) Combined effects of pH and sugar on the growth rate of Zygosaccharomyces rouxii, a bakery product spoilage yeast.  Applied and Environmental Microbiology  65(11): 4921-4925.  Study the graph and answer the questions that follow:  
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Figure 1.
Linear relationship between Specific Growth Rate (µ)of Zygosaccharomyces rouxii and Sugar Concentration in the medium. Experimental data was obtained at 25 oC and pH 3.5 to 5.

3.1
Compare and contrast the effect of pH and sugar concentration on the growth rate of  Z. rouxii at 25 oC.











(4)

3.2
Discuss the implications of the above observation to the food industry.


(4)

Dr Paul Meyers & Prof. Shez Reid






13 Marks
Microbial Strain Selection and Medium Development

Question 4

An experiment was conducted to see whether the bacterium, Staphylococcus aureus, is dependent on chloride for growth. The graphs show the effect of three different anions (chloride, sulphate and gluconate) on the growth of S. aureus at different salt concentrations. The salts were tested one at a time. Each salt was tested at three different concentrations.

The bacterial cells were first grown at 37°C in Luria Broth medium without NaCl, then transferred to fresh Luria Broth containing NaCl (() or Na2SO4 (() or Na-gluconate ((). Each salt was tested at a concentration of 0.1 M (graph A), 0.8 M (graph B) and 1.5 M (graph C) (i.e. a total of nine salt cultures were set up). After transfer to the Luria Broth plus salt, each culture was incubated for a further 11 hours at 37°C and the optical density of the culture was measured every hour. The x-axis shows the time course of the experiment; the y-axis shows the optical density at 578nm (a measure of the number of cells).
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4.1
What can you deduce about the requirement for chloride for the growth of S. aureus as the salt concentration increases?








(4)

4.2
The data, as presented, do not exclude the possibility that these experiments are demonstrating anion toxicity, rather than chloride dependence. Based on a total salt concentration of 1.5 M, what experiment would you suggest to prove that this organism is chloride dependent rather than gluconate sensitive?









(2)

Question 5

A strain of Saccharomyces cerevisiae (L2612) has been genetically engineered by cloning two cellulase genes from another yeast into it. The researchers have proved that there is one copy of the two genes in strain L2612GC, and more than 10 copies of the genes in L2612(GC. These three strains were grown for 80hr in a liquid medium containing only yeast extract, peptones and cellulose. The results of these fermentations are shown in the graphs below. Interpret the results shown here and summarise the conclusions which can be made from this experiment.











(7)
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Fig. 7. Time courses of ccll growth and cthanol production. ®, O: S.
cerevisiae L2612; W, (J: S. cerevisiae L2612GC; A, A: S. cerevisiae
26128GC.
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