WIJEC (Wales) Biology A-level
Topic 3.4: Microbiology
Questions by Topic



Legionnaires’ disease is a serious lung infection caused by Legionella bacteria.

(@)

(b)

(©

In 2015 there were 18 confirmed cases of Legionnaires’ disease in Wales. The population
of Wales in 2015 was 3099 100.

Calculate the percentage of the population of Wales that suffered from Legionnaires’
disease in 2015. Express your answer in standard form. 2]

Legionella is a Gram negative, bacillus bacterium that can live in domestic water supplies.
If small droplets of contaminated water are inhaled the bacteria can cause pneumonia-

like symptoms.

State what is meant by a Gram negative, bacillus bacterium. [2]

During an outbreak, a sample of contaminated waterwas studied to find which antibiotic was
most effective. The three antibiotics were erythromycin, ciprofloxacin and azithromycin. A
range of concentrations of each antibiotic were used.

A microbiologist carried out the investigation as follows:
« Sterile nutrient agar plates were set up containing different concentrations of
erythromycin.
= 0.5cm?® of diluted contaminated water was transferred onto each plate.
= The same process was repeated for ciprofloxacin and azithromycin.

The results following incubation are shown in the table.

Concentration of Number of colonies on plate
SR § e erythromycin ciprofloxacin azithromycin
0 86 86 86
10 70 43 0
20 47 22 0
30 32 0
40 24 0
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(i) The microbiologist had diluted the original sample of contaminated water by a factor
of 10~2. Use the information given to calculate the number of Legionella bacteria in

1 ¢cm? of the original contaminated sample. Show your working. 2]

Number of Legionella bacteriain1em®= .

(i) Suggest a reason for the following:

I. When the microbiologist diluted the original sample by a factor of 1072 she
could not calculate the number of Legionella bacteria per cm?. [1]

Il.  When she diluted the original sample by 10~% a lower number of Legionella
bacteria per cm?® was calculated. [1]

(d) The cost of ciprofloxacin and azithromycin are approximately the same per unit mass.
Use the results of this experiment to suggest and explain which antibiotic would most
likely to be recommended by the Welsh Government to treat this disease. [2]
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The Archaea are a domain of single-celled microorganisms. These microbes are prokaryotes.
Most Archaea possess a cell wall which is assembled from surface-layer proteins. These
form an S-layer which is a rigid array of protein molecules that cover the outside of the cell.

This layer provides both chemical and physical protection. Unlike bacteria, most Archaea lack
peptidoglycan in their cell walls.

(a) (i) Describe two major features of a eukaryote which would allow you to distinguish it
from a prokaryote. (1

One type of cell wall found in Archaea is shown below.

S-layer

1088 Plasma membrane

Cytoplasm

(i) Apart from the lack of peptidoglycan, describe how the cell walls of Gram negative
bacteria would differ from those of Archaea. [2]
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(b) An experiment was carried out to determine the effect of sodium chloride concentration
(salinity) on the growth of different species of prokaryotes. The number of visible colonies
of each species was counted on agar plates containing different concentrations of sodium
chloride.

A bar chart of the results is shown below.
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« Staphylococcus aureus is a Gram-positive bacterium that is frequently found on
sweaty skin.

+ Halobacterium salinarum is a marine Gram-negative obligate aerobic archaeon.
Despite its name, this microorganism is not a bacterium, but rather a member of the
domain Archaea.

« Escherichia coli is a Gram-negative, rod-shaped bacterium commonly found in the
lower intestine of endothermic (warm-blooded) organisms.

(i) Which agar plate used in this experiment has the lowest water potential? [1]
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(i) Identify species A-C giving reasons for your conclusions. [3]

(i) Enterococcus faecalis is a Gram-positive bacterium which also inhabits the gastro-
intestinal tracts of humans and other mammals.
Briefly describe two ways in which you could distinguish between Enterococcus
faecalis and Escherichia coli. [3]
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(c) Some strains of E. coli can cause food poisoning. Following an outbreak, samples were
taken from suspected food sources and cultured on agar plates. Serial dilutions were
carried out to determine the number of viable bacteria in the samples. 0.25 cm® was
transferred to each agar plate and incubated at 37 °C. The number of colonies on each
plate was then counted.

Number of colonies per plate
Dilution Plate 1 Plate 2 Plate 3 Mean SD
1073 426 503 521 483 505
10°° 444 479 457 460 177
10~7 275 293 310 293
1072 5 71 78 72 6.0

(i) Calculate the missing standard deviation (SD) using the following formula.

5 = standard deviation

¥ = sum of

X = each value in the data set

X = mean of all values in the data set

n = number of values in the data set

The following table is given to help structure your calculation.

e R -
1 275

2 293

3 310

Mean 293 T
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(i) Suggest why the mean values for the first two dilutions were so close despite there
being a 100 times difference in the dilutions. [1]

(i) State what the standard deviations of the first two dilutions tell you about the
data. (1

(iv) Calculate the number of bacteria in 1cm® of the original sample using the 107°
dilution. Give your answer in standard form. [3]

Numberofbacteria= ... .. .. ...

3. (a) Define the following terms with reference to bacterial growth.
(3]

(i) obligate aerobe

(ii) obligate anaerobe

(iii) facultative anaerobe
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(b) Describe and explain the appearance of Gram positive and Gram negative bacteria following Gram

staining.

[3]

(c) Most pathogens in humans are Gram-positive organisms. Six Gram-positive genera are typically
pathogenic in humans. Two of these, Streptococcus and Staphylococcus, are cocci. The remaining

organisms are bacilli.

What three dimensional shape would the cocci and bacilli be?

1 m3 of air was filtered from two different environments.

The microorganisms collected were grown, using aseptic technique, on four different types of agar plates

(A, B, C and D) at the same temperature and for the same length of time.

The number of colonies grown from each sample is shown.
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(@) What conclusion can you draw from the graph above about the numbers of microbes in the two air

samples?

(1]

(b) The four agar types have resulted in different colony numbers because they contain different nutrients.

State four ways that the agar types could differ in composition.
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5. Complete the sentences below by giving the correct term in each case.

[4]

(b) Aviablecountisacountof . ....... ... ... . . bacterial cells.

(c) The type of bacterium that lacks lipopolysaccharides in its cell walls is a

................................................. bacteria.
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6. The diagram below shows the process of Gram staining to identify Gram positive (+) and
Gram negative (-) bacteria.

fixation

-

stain with crystal violet

:

treat with iodine solution

:

decolourisation

:

counter-stain with safranin

(a)  State the colour of the bacteria following the application of the counter stain: (1]
Gram positive;
Gram negative.

()  Use your knowledge of the structure of the bacterial cell wall to explain the differences
in the appearance of the two types of bacteria when stained with the Gram staining
technique. 3]
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(c)  Following an outbreak of food poisoning in a school, samples were taken from infected
patients. The Gram staining technique was used, in conjunction with the shape of
bacterial cells, to identify potentially pathogenic bacteria in the samples.

The diagram below shows part of a bacterial smear stained using the Gram staining
technique.

B Gram positive A
[ | Gram negative C%)
OC?Q- C

\;\\

(1) State the name given to the shapes of the bacteria labelled A, B and C. 3]

(1)  Suggest why the bacteria labelled C in the diagram might be the possible cause of
the food poisoning. [1]

..............................................................................................................................................................................................

(d) Using the viable count method Environmental Health Officers made an estimate of
the number of bacteria in various foods in the school canteen Dilutions of 1/10, 1/100,
1/1 000, 1/10 000 and 1/100 000 were prepared and 0.5cm? of each dilution were spread
evenly over the surface of agar plates. The plates were incubated at 35°C for 24 hours. A
photograph of the results for one of the samples is shown below.

R S T
Dilution Dilution Dilution
= 1/10 =1/100 = 1/1 000
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U Vv
Dilution Dilution
= 1/10 000 = 1/100 000

They decided to use Plate U to estimate the number of bacteria in the food sample.

(1)  With reference to the plates shown above explain why they decided to use Plate U
and not any of the other plates. [2]

..........................................................................................................................................................................................

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

(11) On plate U 69 bacterial colonies were counted. Estimate the number of bacteria
presentin 1cm’ of the original food sample. Show your working. [2]

Estimated number of bacteria = ..., per cm’

(iii)  Suggest why this number is likely to be an underestimate of the actual number of
bacteria present. [1]

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

(iv)  Suggest why the bacteria were cultured at 35°C and not at 25°C. [1]

..............................................................................................................................................................................................
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Following the Haiti earthquake in 2010 there was an outbreak of cholera. A web site describes
the cause as follows:

‘Cholera is caused by the bacterium Vibrio cholerae — a curved bacillus each with one flagellum.
The genus Vibrio isa member of the family Vibrionaceae, which include Gram-negative, motile,
facultative anaerobes that utilize glucose as a source of energy.

The bacteria are typically spread by contaminated drinking water.’

(a) Describe what is meant by the following terms used in the article:

(1) Bacillus, [1]
(i1) Gram-negative, [2]
(i)  Facultative anaerobes. [2]

(b)  Scientists might be able to determine the extent of contamination by counting the
number of bacterial cells in water samples.

(1) What is the difference between a total count and a viable count? [1]

(i1)  Both techniques involve serial dilution.
Annotate the diagram below to explain how you would obtain a series of ten fold
dilutions of the drinking water sample. [3]

/\/\f\/\

drmkmg

Sterile water
graduated
pipette
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(iiiy If 1 cm® of the drinking water sample contamcd 80000 living bacterial cells, how
many bacterial cells wouid there be in 0.5 cm’ of the llquid in tube 4, after this

technique had been completed? 1]
(tv) How would vou use the dilutions produced to carry out a viable count? 4]

..............................................................................................................................................................................

{Total 14 marks)
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Staphylococcus aureus 1s a Gram positive, facultative anaerobe.
It 1s the cause of various diseases including blood poisoning and food poisoning.

(a) (1) What shape are the cells of Staphylococcus aureus? [1]

(1) The bacterium is described as ‘Gram positive’. What does this mean in relation to
the structure of its cell wall? [2]

(b) In order to monitor the population growth of bacteria, a number of different methods
may be used.
One method 1s to use a viable count.

(1)  What assumption must be made when using this method? [1]

(i) State one limitation of using this method. [1]

(c) Another method uses a total count. Suggest why this method gives a higher estimate of
the population than the viable count. [1]

(d) In both the above cases the original culture requires a procedure in order to provide a
final number within a countable range. Name this procedure. [1]

(Total 8 marks)
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The diagrams below show the results of a number of experiments investigating bacterial growth
with different levels of oxygen.

Bacteria were mixed with agar in bacteriology tubes and the agar was allowed to set. The tubes
were incubated for 24 hours at 37°C.

Oxic zone o o8 se] S I

Anoxic o c
zohe > .

A B C

Each dot represents an individual bacterial colony within the agar or on its surface. The surface
which is directly exposed to atmospheric oxygen contains oxygen (oxic zone). The oxygen
content of the agar decreases with depth until it does not contain oxygen (anoxic zone) towards
the bottom of the tube.

(a) Using the results above, what terms are given to the types of bacteria which grow in tubes
A, BandC? [2]
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Accurate and definitive bacterial identification is essential for disease diagnosis, treatment and
the trace-back of outbreaks associated with microbial infections. Bacterial identification is also
used in a wide variety of other applications including microbial forensics, criminal investigations,
bio-terrorism threats and environmental studies.

The simplified key shown below can be used to identify bacteria given some of their features.

GRAM POSITIVE GRAM NEGATIVE

coccus

BACILLUS

COCCUS

BACILLUS

Anaerobe

Peptostreptococcus sp.

Anaerobe

Clostridium sp.

Facultative anaerobe

Clumps
Staphylococcus sp.

Chains
Streptococcus sp.

Facultative anaerobe

|| Lactobacilius sp.

Anaerobe

Fusobacterium sp.

Facultative Anaerobe

Neisseria sp.

Microaerophilic

Helicobacter sp.

Aerobe

Bacillus sp.

Facultative anaerobe

Escherichia coli

Aerobe

| Pseudomonas sp.

Vibrio sp.
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The images below show four different bacteria together with information about their oxygen
requirements and the results of Gram staining.

Facultative anaerobe Facultative anaerobe
Gram positive Gram positive
C D

Facultative anaerobe Facultative anaerobe
Gram negative Gram negative
(a) Using the key provided, identify the four bacteria in the images. [4]
A e
B e
C e
D e
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Each bacterial species has its own particular heat tolerance. During a process such as
pasteurisation, the rate of cell destruction is logarithmic. Bacteria subjected to heat are killed at
a rate that is proportional to the number of bacteria present. The process is dependent both on
the temperature of exposure and the time required at this temperature to accomplish the desired
rate of destruction.

The D value is the time in minutes at a given temperature required to destroy 90% of the bacterial
population.

Graph 1
Log 10 of living bacteria
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In the example shown above at 72°C, the D value = 1 minute. This means that for each minute
of processing at 72 °C the bacterial population will be reduced by 90%.

Graph 2
Log 10 of living bacteria
6
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(b) Follow the method shown on graph 1 to calculate the D value for 62°C (graph 2). [3]

DValue= ...,

(c) Describe a method that you could use to determine the number of living bacteria in the
original sample prior to heat treatment. No reference to aseptic technique is required. [4]

[3]
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11.

The Breed method is a fast and simple way of counting the number of bacteria in a suspension.

A known volume of the bacterial suspension is spread uniformly over a glass slide covering a
specific area. The bacteria are then heat fixed and stained.

The photograph below shows the results of this method as seen through a light microscope.

(a) The average number of cells in the field of view was found to be 156 and the radius of the
field of view was 0.09 mm.

Calculate the number of cells in 100 mm?.
The area of microscopic field of view =nr?

where 1 is 3.14 and ris the radius of the field of view. [3]

Numberofcells = ..o
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(b) A scientist used this method to find the number of bacteria in a sample taken from the
back of a patient’s throat. There were too many bacteria to be able to count down the

microscope.

(i) Describe a method that could be used to produce a range of dilutions from the
original sample to a 10~° dilution. [3]
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The scientist obtained the following results for a range of dilutions.

Plate 1 Plate 2 Plate 3

o

o't )
. ’-:.:..
RO D

® .o "‘3
. »

Plate 4 Plate 5 Plate 6

(i) State which number plate should be used and give reasons why the other plates
should not be used. [3]
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The scientist was looking for the pathogenic bacterium Staphylococcus aureus.

(i)  Give the reason why the bacteria removed from the patient were incubated at 37°C
not 25°C. (1]

(iv) A sample of the Staphylococcus was stained purple by the Gram stain technique.
Describe what the purple staining indicates about the structure of the bacterial cell

wall. 2]
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