Microbe Growth past papers

The diagram represents a species of archaea as viewed under a microscope.

>

1.5 mm

{1 mm = 1000 pm)
The actual length of this cell was 3 micrometres (um).

The microscope had a total magnification of

A x5
B =50
C =500
D = 5000

Which statement about culturing micro-organisms is not correct?

Some micro-organisms can use light as an energy source.
All micro-org 3. nsrequire a chemical substrate as an energy source.

Sterility, pH, yerature, and oxygen levels can be monitored.

o N = =

Some micro-organisms can synthesise their own amino acids and vitamins.

In which of the following domains of life are microorganisms found?

Bacteria only
Archaea only

Bacteria and archaea only

Lo T v s B

Bacteria, archaea and eukaryotes

The graph shows the phases of growth in a bacterial culture.

[ E

viable cell count

Y

time

Which statement is correct?

o 0 e

Xis the log phase and enzymes are being induced.
Z is the death phase where total cell count is decreasing.
Y is the stationary phase and nutrients are starting to run out.

W is the lag phase and secondary metabaolites are being produced.

Which of the following statements about micro-organisms is correct?

o N @ =

All micro-organisms require amino acids in their growth medium.
Micro-organisms use a variety of metabolic substrates.
Micro-organisms include bacteria and archaea only.

Light can be used as an energy source by all micro-organisms grown in culture.

Which statement describes an event that occurs during the lag phase of microbial growth?

o N = >

Secondary metabolites are produced

Certain enzymes are induced

Most rapid growth occurs due to plentiful nutrients
The culture medium becomes depleted of nutrients
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Yeast cells were cultured in a growth medium and the number of cells were counted at 8 The following list relates to growth phases in a culture of the fungus Penicillium
regular intervals over a period of 180 minutes. chrysogenum.

The semi-logarithmic graph shows the number of cells per cm® of culture medium during 1. Growth is most rapid
this period. 2. Nutrients are completely depleted
100 3.  Enzymes are induced
4. Antibiotics are produced
Which row in the table identifies the growth phases of this culture?
Lag phase Log phase Stationary phase Death phase
A 3 2 4 1
ME B 1 2 3 4
5 C 3 1 4 2
[« I 1
2 D 4 1 3 2
2
E 10
A 7
et 9 The diagram shows a bacterial cell that has been magnified 800 times.
[T
Q
T
sl
: ((
=}
= ¢ )
3 3-2mm _
The length of the cell in micrometres (pm) is
1 A 0-004
0 30 60 90 120 150 180
B 004
time (minutes)
c 04
How many yeast cells were present in the culture after 2 hours? D 40

A 1-6 million per cm?
B 10-6 million per cm?
C  16-0 million per cm?
D

70-0 million per cm?
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10  Bacterial cells were exposed to disinfectant for 14 minutes. Every 2 minutes a sample was 12 The diagram below shows a fermenter.
taken and the number of viable cells counted.

The results are shown in the graph.

1000000
‘\ pure bacterial
N, ) culture
100000 \.\ X water jacket
S
% 10000% paddle of mixer
; A
ol
.=
=~ 1000
: \
E LY Y air inlet
E 100 thermostatic control
= A Y
AN Z filter
10 =
~~ Which line in the table below matches correctly the parts of the fermenter labelled X, Y and Z with the
functions they are involved in?
1
0 2 4 6 8 10 12 14
time (minutes) Funetion of fermenter parts
taini ontrolli ntaing
Calculate the percentage decrease in viable cells after being exposed to disinfectant for i ‘T”””IE contra “.«,.3- mﬁ_rm.‘.”.”mf
6 minutes. temperature | oxvgen levels sterility
A 99-60 A x v -
B 99-87 B X Z Y
C 996000-00 C Y x 7
D 998700-00
D Y Z X

11 Buffers are added to culture media to

A provide vitamins
B maintain the pH
C  provide farty acids

I} maintain the temperature.
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13 Anexperiment was carried out to compare the 14 Bacterial cells were heated to 121°C for 15 The diagram below shows an image of a
effect of two antibiotics, X and ¥, on the rate increasing lengths of time to determine the bacterial cell that has been magnified 1500
of protein synthesis in bacterial cells. number of live cells left after treatment. titnes.

The results are shown in the graph below. The graph below shows the number of

bacterial cells which survived.

e

U IRUEIE

O E=eP )

El
T
7 o 100000
2 4000 = e =
: L fAnbiotic X Z g0 \\ : 4-5mm -
E::Eﬂﬂ[]' 'y Antibiotic Y % 1000 \ . ) .
=4 ! b N What is the actual length of the cell in
s = ‘o N 3
:% , E 100 micrometres (pm)?
= 0 4 8 12 16 5 A 0003
Time (minutes) '_'; 10 3-000
; N
' 1 C 6750
Which of the following conclusions from the L
X
graph is valid? ! B + o EI 1[? 12 D 6750
Time heated o 121 "C (iminutes)
A Anubiotic X owas less  effective than 16
antibiotic Y in  inhibiting  bacterial How many cells survive after 6 minutes? The graph below shows a typical growth
protein synthesis. pattern for micro-organisms in culture.
B Antbiote ¥ was less effective than A 1300
antibiotic X in  inhibiting bacterial B 000 i
protein synthesis.
CoA000
C  Bacterial protein synthesis was inhibited .
to the greatest extent without antibiotics. D 5500

[ The rate of protein synthesis was greatest
between 12 and 16 minutes in all cases.

Number of micro-organisms

Time (hours)

At which point on the graph are most enzymes
being induced to metabolise available substrates?
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The bacterium Bacillus subtilis (B. subtilis) produces antibiotics. b)  Antibiotics are secondary metabolites.

A study was carried out to compare the viable cell count and antibiotic (i} Use evidence from both graphs to support this statement.
concentration of two cultures of B. subtilis (A and B) grown under different

conditions.

The results are shown in the graphs.

Graph 1
~— 100000
E J)- (i) Describe an ecological advantage to B. subtilis of producing antibiotics in
4 10000 p e =gy culture B its natural environment.
™ r
o 1000+ A
= &
E Da " o P PN PN i~ F lt A
ﬁ 1 I:--I)—---—-}#’(, L o I o o O Cuture
(%)
% 10 — c) MName a culture condition that would be controlled when producing antibiotics
2 . in a fermenter.
0 5 10 15 20 15 30 35 40
fermentation time (h)
Graph 2 2 The bacteria Streptomyces is a microorganism found in seoil. It produces a
0.9 4 secondary metabolite, the antibiotic streptomycin, which kills other
= ‘L _J: microorganisms. Streptomyces live in close association with plant roots. These
= 0.8 =<==0 Cllture B ) . i
3 P plants produce soluble carbohydrates which are released into the soil through
5 0.7 1 & their roots.
g 06 "
S 05 = (i) Name the growth phase during which streptomycin is produced.
L= T F
5 0.4 #
E 0.3 1 “,il’ LA > o culture A
& 0.2 b A (i) Explain the advantage to Streptomyces of producing an antibiotic
£ 01 S such as streptomycin.
m i j"‘
0.0 4 s > o 1
] 5 10 15 20 5 30 35 40
fermentation time (h)
(a) Using information in Graph 1 state the duration of the lag phase in culture A. 1

hours
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N
A growth curve in a culture of bacteria is shown in the diagram. 4  Staphylococcus aureus (5.aureus) is a species of bacteria that lives on human
skin. This species of bacteria can cause infections if it enters the body
through a wound. S5.aureus infections can be treated with antibiotics such
as methicillin and penicillin.

7 Infections can be caused by a strain of S.aureus called MRSA which is
X resistant to methicillin and penicillin and is becoming more commaon.

cell number

Samples were taken from a patient suspected of having a bacterial
infection. The samples were used to inoculate plates of agar as shown
in the diagram below.

v

Mutrient
agar + — agar +

. penicillin ’ . methicillin '4

(i) Predict the results if the cause of the bacterial infection was
MRSA. 1

Nutrient Nutrient

time " agaronly -

{a) In culturing bacteria it is important to control the culture conditions in
the growth medium.

Name one condition which should be controlled. 1

(b) (i) Mame the phase in which secondary metabolites such as antibiotics
are produced. 2

{ii) The nutrient agar contained specific amino acids required for
protein synthesis. Suggest one other type of complex compound
that the nutrient agar may have contained. 1

Describe the ecological advantage of this to bacteria in the wild.

Phase

Advantage

(i1} State the letter which indicates a region of the graph in which most
enzymes are being induced to metabolise the available substrate. 1

Letter

(iii) State one reason for the decrease in number of cells at phase Z. 1
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5 The diagram shows genetically modified yeast growing in a fermenter in a (a) (continued)

medium to which the amino acid lysine has been added. (iv) The optimum pH for yeast growth is 4-5.

Suggest how this pH could be maintained in the fermenter.

r N
il ]
] (b) Some phases of a growth curve of yeast culture are shown.
— stirrer
[
L | | B
_ a
] 5
o a v
genetically JD:.,E' a2 || =
modified yeast —f— 2|30 =
+ growth medium i
+ lysine s / = A
-4— airin -
filter Time
(a) (i) Name the process for which the yeast cells need the amino acid Complete the table by selecting growth phase A or B. Mame the chosen
lysine. 1 hase and describe an event which occurs during that phase of growth.
' p
Letter Phase of growth Description

(ii) The fermenter contains 5-5 litres of growth medium.

Calculate the mass of lysine which should be added to the medium
to give a concentration of 300 mg/L. 1

Space for calculation

(c) Describe a safety mechanism used to prevent the survival of genetically
mg modified microorganisms in the external environment.

(iii) The air entering the fermenter passes through a filter to prevent
contamination.

Explain why it is necessary to prevent contamination of the culture. 1
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When culturing stem cells, substances called cytokines can be included in the

culture medium.

An investigation was carried out to determine the effect of cytokines on the
growth of stem cells.

Cultures of stem cells were set up as shown.

flask A flask B

stem cells + medium stem cells + medium + cytokines

The cells were cultured for 10 days and the cell count was recorded every 2
days.

The results are shown in the table.

Cell count (thousand cells per cm?)
Day Medium only Medium + cytokines
2 22 36
4 50 130
6 330 760
8 520 1800
10 13 8200

The cell count was a viable cell count.

Use evidence from the table to support this statement.

A growth curve in a culture of bacteria 1s shown in the diagram below.

Cell number

v

Time

(@) In culturing bacteria 1t 1s important to control the pH of the culture medium.

Describe how the pIl of a culture medium can be controlled.

(b) (1) Name each of the phases of growth indicated by letters on the graph.

W

X

v

¥/

(11) Give the letter which indicates a region of the graph in which most
enzyvmes are being induced to metabolise the available substrate.

Letter

(11) Give one reason for the decrease in number of cells at phase Z.

Marks
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Some species of bacteria can be grown in fermenters to produce vinegar. The

bacteria convert ethanol in the growth medium into vinegar. a) Using information in Graph 1 state the duration of the log phase.

Aninvestigation was carried out to determine the relationship between the number
of bacterial cells and the concentrations of ethanol and vinegar over 250 minutes.

minutes
The results are shown in Graph 1 and Graph 2.
Graph 1 b) Using information frum Graph 2, gxplain why there is no further increase in
100000 vinegar concentration after 175 minutes.
7
/
P ¢)  Using information from Graph 1 and Graph 2, identify the concentration of
8 10000 vinegar when the number of bacteria is 40000 cells per cm?.
.= 7
@ 7
3 VA . gll
k]
5 /
£ /
g /

1000

0 25 B0 75 100 125 150 175 200 225 250
time (minutes)

Graph 2

140 9 - 70
S 120 60 >
S S
*é 100 50 ié
= )
3 80 40 8
[¥) =)
5 5
1% (W)
= 30
£ w0 20 <
7
120 10
&

0 L

T T hd e hd :0
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time (minutes)
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Growth media used to culture the bacteria E. coli often contain the amino
acid asparagine even though E. coli can produce this amino acid.

The graph shows the viable cell count of E. coli and the asparagine
concentration in a culture grown over a period of 10 hours.

T T T T T T 4500
e e e R E e i et I

I 800 Y 4000 e

1
= 700 3500 2
E =
2 600 A Nt—13000 T
S Snas anant uans S S
S 500 +— 8t 2500 ®
X Y £
=z 2000 ¢
: 8
S 1500 o
= AEE aman =
p 441000 &
E g a
s 500 @

0

4 5 & 7 8 9 10
time (hours)

(a) (i) State the asparagine concentration when the viable cell count was
100 = 10% cells/ml.

L

(ii) Calculate the simplest whole number ratio of the asparagine
concentration at 4 hours to that at 10 hours.

Space for calculation

4 hours 10 hours

(b) (i) Using the information given, suggest why there is a rapid increase
in asparagine concentration between 3 and 4 hours.

(i) Explain the changes in the viable cell count between 7 and 10
hours.

(c) (i) State why E. coli requires the amino acid asparagine for growth.

(ii) Bacteria require other complex molecules apart from amino acids
for biosynthesis.

Name another complex molecule that could be added to the
growth medium.
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Citrate 15 used in the food industry as a flavouring agent. Large quantities of citrate
are produced in fermenters by the fungus Aspergilius miger.

The fungus was added to a growth medium and grown in a fermenter for 14 days.

The graph below shows the changes in biomass of the fungus and in the
concentration of citrate over the growth period.

Increasing biomass of Aspergilius niger (g per 1)

{a)

(B)

——— = -

Increasing citrate concentration (g per 1)

0 2 - 6 8 10 12 14
Time (days)

Identify the time period during which the log (exponential) phase of the

growth of Aspergillus niger occurs.

Thck (#) the correct box.

I I e B

Day 0-1 Dav 1-4 Day4-12 Dayl12-14

Suggest one reason why citrate was not produced until day 2.

c) Industrial fermentation at optimum temperature and pll 15 used to make
useful products.

Apart from enzyme inhibitors, give an example of a substance which
could be added to the fermenter to give increased vield of the desired
product.

Write notes on the phases of growth of micro-organisms.
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The fungus Aspergillus niger (A.niger) is used to produce citric acid in
fermenters using sugars as substrates.

Citric acid is an intermediate in a metabolic pathway as shown.

aconitase
enzymes enzyme

. citric
“ acid

enzymes

sugars ——» intermediates

> isocitrate

(a) The aconitase enzyme requires iron to function.

Explain why the growth medium used to produce citric acid should not
contain iron.

{(b) The optimum temperature for citric acid production by A.niger is 30°C.

Explain why less citric acid would be produced if the temperature in the
fermenter was reduced.

A.niger was grown in a fermenter over an 8 day period and the pH was
measured every 2 days. The results are shown in the graph.

7

=t |
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R

PH 5t

4 SElEn

3

0 2 4 & 8

time (days)

(i) Predict the pH at 10 days.

(ii) Suggest a reason for the change in the pH observed.

(iii) State a variable, other than temperature or pH, that should be
monitored and controlled in this process.

(iv) Explain why it was necessary to sterilise the fermenter before
A.niger was added.
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1. The diagram represents a species of archaea as viewed under a microscope. 4 The graph shows the phases of growth in a bacterial culture.
— n 0
15 i
=
1.5 mm ot
3
i
{1 mm = 1000 pm) L)
L0
The actual length of this cell was 3 micrometres (um). E
The microscope had a total magnification of .
A x5 time
B x50 Which statement is correct?
= 500
A Xis the log phase and enzymes are being induced.
D = 5000
B 7 isthe death phase where total cell count is decreasing.
Y is the stationary phase and nutrients are starting to run out.
2. Which statement about culturing micro-organisms is not correct? D Wis the lag phase and secondary metabolites are being produced.
A Some micro-organisms can use light as an energy source. ) i ) , .
5 Which of the following statements about micro-organisms is correct?
0 All micro-organisms require a chemical substrate as an energy source.
Sterility, pH, temperature, and oxygen levels can be monitored. A All micro-organisms require amino acids in their growth medium.

D Some micro-organisms can synthesise their own amino acids and vitamins. Micro-organisms use a variety of metabolic substrates.
C  Micro-organisms include bacteria and archaea only.

. . . . . . D  Light can be used as an energy source by all micro-organisms grown in culture.
3. In which of the following domains of life are microorganisms found?

A Bacteria only 6 Which statement describes an event that occurs during the lag phase of microbial growth?
B Archaea only A Secondary metabolites are produced
C Bacteria and archaea only Certain enzymes are induced

@ Bacteria, archaea and eukaryotes C  Most rapid growth occurs due to plentiful nutrients

D The culture medium becomes depleted of nutrients
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Yeast cells were cultured in a growth medium and the number of cells were counted at 8 The following list relates to growth phases in a culture of the fungus Penicillium

regular intervals over a period of 180 minutes. chrysogenum.

The semi-logarithmic graph shows the number of cells per cm® of culture medium during 1. Growth is most rapid
this period. 2. Nutrients are completely depleted
100 3.  Enzymes are induced
4. Antibiotics are produced
Which row in the table identifies the growth phases of this culture?
Lag phase Log phase Stationary phase Death phase
A 3 2 4 1
ME B 1 2 3 4
= @ 3 1 4 2
[«
2 D 4 1 3 2
2
E 10
=
et 9 The diagram shows a bacterial cell that has been magnified 800 times.
[T
Q
T
sl
: ((
=}
= ¢ )
3-2mm
The length of the cell in micrometres (pm) is
0 30 60 90 120 150 180
B 004
time (minutes)
c 04
How many yeast cells were present in the culture after 2 hours? @ 4-0

A 1-6 million per cm?
B 10-6 million per cm?
16-0 million per cm?

D  70-0 million per cm?
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10  Bacterial cells were exposed to disinfectant for 14 minutes. Every 2 minutes a sample was 12 The diagram below shows a fermenter.
taken and the number of viable cells counted.

The results are shown in the graph.

1000000
E\ pure bacterial
N, ) culture
100000 \.\ X water jacket
S
% 10000% paddle of mixer
; A
0
.=
=~ 1000
2 X
E LY Y air inlet
E 100 thermostatic control
= A Y
AN Z filter
10 =
~~ Which line in the table below matches correctly the parts of the fermenter labelled X, Y and Z with the
functions they are involved in?
1
0 2 4 6 8 10 12 14
time (minutes) Funetion of fermenter parts
taini ontrolli ntaing
Calculate the percentage decrease in viable cells after being exposed to disinfectant for i ‘T”””IE contra “.«,.3- mﬁ_rm.‘.”.”mf
6 minutes. | temperature | oxygen levels sterility
Q = Q) «x Y z
99-87 B b4 Z Y
C 996000-00 C Y x 7
D 998700-00
8] Y Z X
11 Buffers are added to culture media to

A provide vitamins

@ maintain the pH

C  provide farty acids

I} maintain the temperature.
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13 Anexperiment was carried out to compare the 14 Bacterial cells were heated to 121°C for 15 The diagram below shows an image of a
effect of two antibiotics, X and ¥, on the rate increasing lengths of time to determine the bacterial cell that has been magnified 1500
of protein synthesis in bacterial cells. number of live cells left after treatment. titnes.

The results are shown in the graph below. The graph below shows the number of

bacterial cells which survived.

e

U IRUEIE

O E=eP )

10000 \ * +5mim g

4000 1000

=+ Antibiotic X

Mass of protein synthesised (units)

ber of cells surviving at 121

2000 i Antibiotic Y LOHH] \ . . .
T N, What iz the actual length of the cell in
100 micrometres (pm)?
0
0 + ] 12 16 A 0003
Time (minutes) = 10
£ S @ 3000
g 1 —~— C 6750
R . P . h75
W hlL]]. of tbL following conclusions from the 0 7 4 6 g 0 12 14
graph is valid? D 6750
Time heated o 121 "C (iminutes)
@ Antibiotic X was less effective than 16
antibiotic Y in  inhibiting bacterial How many cells survive after & minutes? The graph below shows a typical growth
protein synthesis. pattern for micro-organisms in culture.
B Antbiote ¥ was less effective than 1300
antibiotic X in  inhibiting bacterial B 4000
protein synthesis. .
C 3000 C
C  Bacterial protein synthesis was inhibited .
to the greatest extent without antibiotics. D 5500

[ The rate of protein synthesis was greatest D

between 12 and 16 minutes in all cases.

Number of micro-organisms

Time (hours)

At which point on the graph are most enzymes
being induced to metabolise available substrates?
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b N )
The bacterium Bacillus subtilis (B. subtilis) produces antibiotics. (b) Antibiotics are secondary metabolites.
A study was carried out to compare the viable cell count and antibiotic (i} Use evidence from both graphs to support this statement.
concentration of two cultures of B. subtilis (A and B) grown under different Antibiotic is onIy produced in the stationary phase
conditions. )

The results are shown in the graphs.

Graph 1
~— 100000
E J)- (i) Describe an ecological advantage to B. subtilis of producing antibiotics in
4 10000 p e =gy culture B its natural environment.
— &+
= 4000 )5 Outcompetes other microbes
= d
E UD " o P PN PN i~ F lt A
ﬁ 1 I:_-u.-..—.}#, L L L L o culture
(%)
% 10 — (c)  Wame a culture condition that would be controlled when producing antibiotics
2 . in a fermenter.
o 5 1 15 2 I 30 35 440 Sterility/temperature/oxygen concentration/pH
fermentation time (h)
Graph 2 5 The bacteria Streptomyces is a microorganism found in soil. It produces a
0.9 4 secondary metabolite, the antibiotic streptomycin, which kills other
= o8] ‘L___ _J: culture B microorganisms. Streptomyces live in close association with plant roots. These
3 P plants produce soluble carbohydrates which are released into the soil through
g 07 # their roots
k=] 8 Yol -
E 0.6 "
0.5 & o (i) Name the growth phase during which streptomycin is produced.
@ E
E 5.4: *#. )
S 3 R - stationary
E 0.3 1 !ilj ‘_',,.n:, 3 3 culture A
E 0.2 b A (i) Explain the advantage to Streptomyces of producing an antibiotic
E 0.1 A such as streptomycin.
0.0 ‘5 % 10 15 20 25 30 35 40 Outcompetes other microbes
fermentation time (h)
(a) Using information in Graph 1 state the duration of the lag phase in culture A. 1

5
hours
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A growth curve in a culture of bacteria is shown in the diagram.

cell number

v

time

{a) In culturing bacteria it is important to control the culture conditions in
the growth medium.

Name one condition which should be controlled.

Sterility/pH/temperature/oxygen concentration

by

(i)

(iii)

Mame the phase in which secondary metabolites such as antibiotics
are produced.

Describe the ecological advantage of this to bacteria in the wild.

Phase tationary

Advantage Outcompetes other microbes.

State the letter which indicates a region of the graph in which most
enzymes are being induced to metabolise the available substrate.

Letter W

State one reason for the decrease in number of cells at phase Z.

Nt toxi bolites huild

Staphylococcus aureus (5.aureus) is a species of bacteria that lives on human
This species of bacteria can cause infections if it enters the body
through a wound. S5.aureus infections can be treated with antibiotics such

skin.

as methicillin and penicillin.

Infections can be caused by a strain of S.aureus called MRSA which is

resistant to methicillin and penicillin and is becoming more commaon.

Nutrient
~ agar only .

Samples were taken from a patient suspected of having a bacterial
infection. The samples were used to inoculate plates of agar as shown
in the diagram below.

Mutrient
agar +

. methicillin '4

Mutrient
agar + —

. penicillin ’

(i) Predict the results if the cause of the bacterial infection was

MRSA.

MRSA/bacterial growth on ALL plates

{ii) The nutrient agar contained specific amino acids required for

protein synthesis. Suggest one other type of complex compound
that the nutrient agar may have contained.

Vitamins OR fatty acids

N
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5 The diagram shows genetically modified yeast growing in a fermenter in a (a) (continued)

medium to which the amino acid lysine has been added. (iv) The optimum pH for yeast growth is 4-5.

Suggest how this pH could be maintained in the fermenter.

f" Y
Using a buffer
il ]
] (b) Some phases of a growth curve of yeast culture are shown.
— stirrer
B '
L | | B
_ z
] ;
2oflao
genetically JD:.,E' a2 || =
modified yeast —f—  o*ofs.° ]
+ growth medium i
+ lysine s / = A
-— airin -
filter Time
(a) (i) Name the process for which the yeast cells need the amino acid Complete the table by selecting growth phase A or B. Mame the chosen
lysine. 1 hase and describe an event which occurs during that phase of growth.
¥ P
Protein synthesis
Letter Phase of growth Description
(ii) The fermenter contains 5-5 litres of growth medium.
Calculate the mass of lysine which should be added to the medium A lag enzymes induced
to give a concentration of 300 mg/L. 1 OR
Space for calculation
B stationary nutrients running out OR secondary
55y 300 metabolites being produced
.5 x mg
1650 (c) Describe a safety mechanism used to prevent the survival of genetically
e mg modified microorganisms in the external environment.
(iii) The air entering the fermenter passes through a filter to prevent Introduce genes in vector that prevents growth of mi-
contamination.

crobe outside lab

Explain why it is necessary to prevent contamination of the culture. 1
Prevents other microbes using up nutrients
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When culturing stem cells, substances called cytokines can be included in the 7 A growth curve in a culture of bacteria 1s shown in the diagram below.
culture medium.

An investigation was carried out to determine the effect of cytokines on the
growth of stem cells.

&
Cultures of stem cells were set up as shown.
flask A flask B Cell number
Time
stem cells + medium stem cells + medium + cytokines

{a) In culturing bacteria it 1s important to control the pH of the culture medium.
The cells were cultured for 10 days and the cell count was recorded every 2
days.

Describe how the pIl of a culture medium can be controlled.

Adding buffer

The results are shown in the table.

()] (1) Name each of the phases of growth indicated by letters on the graph.
Cell count (thousand cells per cm?) L
. Lag
Day Medium only Medium + cytokines W
2 22 36 « Log
4 50 130 v Stationary
6 330 760
, Death
8 520 1800
10 13 8200 (1) Give the letter which indicates a region of the graph in which most
enzymes are being induced to metabolise the available substrate.
The cell count was a viable cell count. Letter _ W
Use evidence from the table to support this statement. 1

(111) Give one reason for the decrease in number of cells at phase Z.

The cell count decreases after day 8 Nutrients ran out OR toxic metabolites have accumulated.

Marks
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Some species of bacteria can be grown in fermenters to produce vinegar. The

bacteria convert ethanol in the growth medium into vinegar. a) Using information in Graph 1 state the duration of the log phase.
Aninvestigation was carried out to determine the relationship between the number
of bacterial cells and the concentrations of ethanol and vinegar over 250 minutes. 150 minutes

The results are shown in Graph 1 and Graph 2.

Graph 1 b) Using information from Graph 2, explain why there is no further increase in
100000 vinegar concentration after 175 minutes.
/ All ethanol has been used up/is at zero
3
P ¢)  Using information from Graph 1 and Graph 2, identify the concentration of
8 10000 vinegar when the number of bacteria is 40000 cells per cm?.
.= 7
@ 7
g —~ 40 g/l
5
3 v
g /
1000

0 25 B0 75 100 125 150 175 200 225 250
time (minutes)

Graph 2

140 9 - 70
S 120 60 >
S S
*é 100 50 ié
= )
3 80 40 8
[¥) =)
5 5
1% (W)
= 30
£ w0 20 <
7
120 10
&

0 L

T T hd e hd :0
0 25 50 75 100 125 150 175 200 225 250
time (minutes)
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Gr!:nwth medila used to culture the t:'racteria E. coli n_ften Fontaill'l the amino (b) () Using the information given, suggest why there is a rapid increase
acid asparagine even though E. coli can produce this amino acid. in asparagine concentration between 3 and 4 hours. 2
The graph shows the viable cell count of E. coli and the asparagine . .
concentration in a culture grown over a period of 10 hours. More E Coli/bacteria (1)
500 E coli produces asparagine (1)
SR e
I 800 B 4000 =
1

= 700 3500 2

E E. (i) Explain the changes in the viable cell count between 7 and 10

%: 600 TN [ 3000 E hours. 1

[w] [HEEENEE 111 ’ —

& 500 1 \ 2500 E Toxic metabolites are accumulating OR nutrients running

X S I8, £

Z 2000 ¢ out

= Q

[=] (%]

o 1500 o . ) . . . .

= i c (c) (i) State why E. coli requires the amino acid asparagine for growth. 1

v 441000 . . .

2 | g To make protein / for protein synthesis

] W

= 500 w (ii) Bacteria require other complex molecules apart from amino acids

0 for biosynthesis.
4 5 & T 8 9 10 Name another complex molecule that could be added to the

. growth medium. 1
time (hours)

Fatty acids OR Vitamins (NOT glucose/carbohydrates etc)

(a) (i) State the asparagine concentration when the viable cell count was
100 = 10 cells/mlL 1

3000
L

(ii) Calculate the simplest whole number ratio of the asparagine
concentration at 4 hours to that at 10 hours. 1

Space for calculation

9 . 2

4 hours 10 hours




Microbe Growth past papers

Citrate 15 used in the food industry as a flavouring agent. Large quantities of citrate C) Ind £ i . d ol i d K
are prcidutcd in fermenters h} the fungus A SP{'I:F,’I‘L’HS i‘”‘f,’fi'. ndustria ermentation at Uptlmllm tLI‘anTdtLLTL dan P 15 UsC to make

) ) useful products.
The fungus was added to a growth medium and grown in a fermenter for 14 days.

The graph below shows the changes in biomass of the fungus and in the Apart from enzyvme inhibitors, give an example of a substance which
concentration of citrate over the growth period. could be added to the fermenter to give increased vield of the desired
product.

Fatty acids/amino acids/vitamins

lag phase when DNA replicates
3. log/exponential phase when
fast/most growth occurs

4. log/exponential phase when
nutrients are plentiful

5. stationary phase when nutrients
are being depleted/used up

= : = -
£, 11 wWrite notes on the phases of growth of micro-organismes.
=l

g

b 1. all 4 phases named: lag,

E log/exponential, stationary and

U death

§ 2. lag phase when enzymes are

bt induced

E OR

S

&

g

o

2

Increasing biomass of Aspergilius niger (g per 1)

OR
7
0 2 + ﬁ_ 8 10 12 14 toxic metabolites/toxins
Time (days) produced/build up in stationary
phase
, Rk . . X . . 6. secondary metabolites/antibiotics
(a) Identify the time period during which the log (exponential) phase of the are prodr:cedfbuild up in
growth of Aspergillus niger occurs. stationary phase
) 7. antibiotics/secondary metabolites
Tick (#) the correct box. confer ecological advantage
OR
|:| |:| |:| D antibiotics/secondary metabolites
Day 0— 1 Day 1 -4 Day 4 - 12 Day 12— 14 1 reduce/remove competition from

other microorganisms

8. death phase occurs due to toxic
accumulation of
metabolites/nutrients have run
out

9. viable cell count is only living

Enzymes bein2 induced first. micro-organisms
OR

(B} Suggest one reason why citrate was not produced until day 2.

total cell count is living and dead
micro-organisms
Any 7
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Microbe Growth past papers

The fungus Aspergillus niger (A.niger) is used to produce citric acid in
fermenters using sugars as substrates.

Citric acid is an intermediate in a metabolic pathway as shown.

aconitase
enzymes enzyme

. citric
“ acid

enzymes

sugars ——» intermediates

> isocitrate

(a) The aconitase enzyme requires iron to function.

Explain why the growth medium used to produce citric acid should not
contain iron.

Citric acid will be turned into isocitrate

{(b) The optimum temperature for citric acid production by A.niger is 30°C.

Explain why less citric acid would be produced if the temperature in the
fermenter was reduced.

Lower enzyme activity

A.niger was grown in a fermenter over an 8 day period and the pH was
measured every 2 days. The results are shown in the graph.

7

=t |

EZZZZZZZ"'.‘%.'ZZZZZ

R

PH 5t

4 SElEn

3

0 2 4 & 8

time (days)

(i) Predict the pH at 10 days.
3.4

(ii) Suggest a reason for the change in the pH observed.

Citric acid produced OR no buffer added

(iii) State a variable, other than temperature or pH, that should be
monitored and controlled in this process.

Sterility/oxygen concentration OR Sugar concentration

(iv) Explain why it was necessary to sterilise the fermenter before
A.niger was added.

To kill other microbes (1)

which would compete with A niger (1)




