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Topic: Metabolism

Material 1: Fish Tanks
Fish tanks are a popular and widespread hobby.
Depending on the interest, experience, and how much
time and money the aquarist caring for the fish tank
wants to invest, these can contain fresh water or salt
water and accommodate different groups of
organisms. In freshwater as well as saltwater
aquariums, for example, crabs and snails can be kept
in addition to fish. In order to make the habitat of
these animals as realistic as possible, it is
recommended to use real plants and wooden
elements instead of decorative elements made of
plastic.

Freshwater Aquarium with Fish and Plants

1. In fish tanks, many different metabolic processes take place, which can be assigned to different categories.
1a. For one of the categories listed below, give a description of what metabolic processes belonging to this category
have in common.

autotrophic anabolism:

heterotrophic anabolism:

catabolism:

1b. For each of the metabolic categories listed below, find one example of a metabolic process taking place in a fish
rank like the one depicted in material 1.
autotrophic anabolism:
heterotrophic anabolism:
catabolism:
Notes/Vocabulary:

COMPLEX EXERCISE:
METABOLISM IN FISH TANKS

© 2020 NoWorriesBiology
All rights reserved.

Topic: Metabolism

Ideally, a fish tank maintains a balanced equilibrium with only minimal interference from feeding and cleaning. In this state,
the substrate of the aquarium (gravel or sand) is populated by bacterial colonies that degrade dead organic matter (feces,
plant parts, food residues). For this purpose, these bacteria use enzymes.
2. Describe the chart shown in material 2, and, using the chart as guidance, explain how enzymes work.

energy content
[relative units]

Material 2: How Enzymes Work

time [relative units]

Notes/Vocabulary:
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The mutual influences of different metabolic processes on each other can be observed particularly well in isolated habitats,
such as fish tanks. By intentionally changing specific environmental factors, the consequences of these changes for the
vitality, growth and development of organisms can be studied in a controlled and precise manner.
3. Each aquarium should include an automatic heating rod that keeps the water temperature constant. By changing the
settings on the heating rod, the target value of the water temperature can be raised or lowered.
Using a freely chosen metabolic process in a fish tank as an example, describe and explain the effects a change in
temperature has on that metabolic process.

Notes/Vocabulary:
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4. The fish tank depicted in material 1 has a volume of 140 liters, and it is densely covered with plants. It houses 11 fish of
various sizes. Over a period of two weeks, the carbon dioxide content dissolved in the water is measured in this aquarium.
The results are shown in the chart in Material 3.
Interpret the chart shown in material 3 with regard to its course and the resulting consequences for the aquarium.

dissolved carbon dioxide
[relative units]

Material 3: Carbon Dioxide Content in the Water of a Fish Tank

time [d]

Notes/Vocabulary:
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Material 4: Angelfish in their Natural Habitat and in Aquariums

enzyme activity [relative units]

enzyme activity [relative units]

Angelfish (Pterophyllum scalare) are popular aquarium fish. They belong to the cichlids and
come from tropical South America, where they are native to numerous rivers. They are mainly
found in slow-flowing river areas and prefer habitats with abundant plant cover or dead wood
where the water temperature is between 24 and 28 °C all year round. The rivers in which they
are native have very soft water with 1 to 3 °dH (German degree of hardness).
Angelfish feed exclusively on animals, such as insects, insect larvae and small fish, which they
easily prey on as skilled hunters and excellent swimmers.

perch

angelfish

temperature [°C]

pH

Activity of the Enzyme Amylase
in Angelfish (Pterophyllum scalare)
at Different pH values

Activity of the Enzyme Trypsin
in Angelfish (Pterophyllum scalare)
and Perch (Perca fluviatilis) at
Different Temperatures

5. From the information contained in material 4, deduce the optimal conditions of keeping angelfish, and explain them
from a metabolic point of view.

(continue answer on separate piece of paper)
Notes/Vocabulary:
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Expected Student Answer

1a.

autotrophic
anabolism:
heterotrophic
anabolism:
catabolism:

conversion of inorganic, low-energy substances into
organic, energy-rich substances using energy and building
materials not derived from other organisms
conversion of organic, low-energy substances into organic,
energy-rich substances using energy and building materials
derived from other organisms
conversion of organic, energy-rich substances into organic,
low-energy substances using the released energy that was
stored in the substances

Topic: Metabolism

Competencies
I can name and compare
examples for anabolic and
catabolic processes, and I can
define scientific terms related
to these processes.

time: 5 min
1b.

autotrophic
anabolism:
heterotrophic
anabolism:
catabolism:

photosynthesis in plants
digestion in fish; …
cellular respiration in fish/plants, …

time: 5 min

2.

The chart "How Enzymes Work" visualizes the change in the energy content of a
substrate in the course of an enzyme-catalyzed reaction. The energy content is
shown in relative units on the y-axis, and the time is shown in relative units as well
on the x-axis.
At the start of the enzyme-catalyzed reaction, the substrate possesses energy at a
constant, elevated level. After a certain period of time, the graph begins to rise
and then fall before stagnating at a level well below the initial level.
Enzymes are biocatalysts that reduce the activation energy required for metabolic
processes to take place. Thereby, they accelerate these metabolic processes or
make them possible at all.
The rising phase of the graph illustrates that a certain amount of energy is first
necessary to allow the metabolic reaction to take place. This is called the activation
energy. Enzymes cause a reduction of this activation energy by forming an
enzyme-substrate complex with the substrate, wherein the side chains of the
active site of the enzyme interact with the substrate, thus bringing the substrate
into the optimal position for the metabolic reaction to take place.
After the reaction has run its course, the product/products leave the active site of
the enzyme, whereby the enzyme emerges unchanged from the reaction. The
graph shows that the products have a lower energy level than the substrate.
time: 10 min
Notes/Vocabulary:

The students know the basic
categories
of
metabolic
processes and can distinguish
them from one another. The
students know the biological
significance
of
these
processes, and they can name
examples for where these
processes occur.
General Competencies:
I can describe
formally.

diagrams

I can describe the data
depicted in a diagram.

I can describe the course of
enzyme-catalyzed reactions,
and I can explain the influence
enzymes have on substrates
involved in these reactions.
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Expected Student Answers

3.

Metabolic processes depend on enzymes. In terms of temperature, enzymes are
subject to the rate of reaction - temperature correlation in their activity. In
theory, this means that the rate of metabolic processes increases two to four
times when the temperature increases by 10 Kelvin.
At the same time, however, as temperatures rise, so does the number of
denatured and thus inoperable enzymes, which counteracts the RGT rule from a
certain point by slowing down the course of metabolic processes and finally
bringing them to a halt.
According to the rate of reaction - temperature correlation, an increase in the
water temperature in an aquarium should lead to an acceleration of metabolic
processes, such as cellular respiration/photosynthesis/digestion/.... Therefore,
in a certain time span, more cellular respiration/photosynthesis/... would take
place than at lower temperatures.
However, if the temperature is further increased, this trend will not continue for
as long as the temperature increases, because as the temperature increases, less
and less enzymes involved with cell respiration/photosynthesis/... are available,
which is why less cell respiration/photosynthesis/... will take place than at lower
temperatures.

Topic: Metabolism

Competencies

I can list factors that influence
an enzyme’s activity, and I can
explain how these factors
influence an enzyme and its
activity.

time: 10 min
4.

The chart "Carbon Dioxide Content in the Water of a Fish Tank" shows the relative
amount of dissolved carbon dioxide in the water of an aquarium over a period of
two weeks (14 days). The relative amount of dissolved carbon dioxide is shown in
relative units on the y-axis, and the x-axis shows the time in days.
The course of the graph shows significant, daily fluctuations with the extremes
(minimum and maximum) of each day being slightly below those of the previous
day.
The daily decrease and increase of carbon dioxide in the water of the aquarium
shows that carbon dioxide-producing and carbon dioxide-consuming processes
take place. The process that leads to a decrease in carbon dioxide content in the
first half of the day is photosynthesis, carried out by the plants in the fish tank.
The process that leads to an increase in carbon dioxide content is cellular
respiration, carried out by animals, plants and other organisms (bacteria, ...) in
the aquarium.
While respiration takes place continuously, photosynthesis can only occur when
the aquarium is illuminated. More specifically, the light-independent reaction of
photosynthesis, which is responsible for fixing carbon dioxide, can only continue
for a little while after the lights have gone out until the energy-rich compounds
ATP and NADPH+H+ from the light-dependent reaction are depleted.

Notes/Vocabulary:

General Competencies:
I can describe
formally.

diagrams

I can analyze and interpret
the data depicted in a
diagram.

I can describe how water,
carbon dioxide, and oxygen
are part of a simplified cycle of
photosynthesis and cellular
respiration.
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Expected Student Answers

When both processes take place simultaneously (when the lights are on), the
4.
carbon dioxide fixation of photosynthesis outweighs the carbon dioxide release of
(cont.) cellular respiration. The CO2 level drops. When only cell respiration takes place
(when the lights are off), carbon dioxide is released, and the CO2 level increases.
Noticeably, that the average carbon dioxide content of the water in the fish tank
decreases day by day. More CO2 is fixed than released. The fixed carbon dioxide is
incorporated into newly produced plant biomass. If this trend continues, the
carbon dioxide content of the water in the aquarium will become a limiting factor
for how much photosynthesis can be carried out by the plants and how much
biomass can be built up by them. This situation could be counteracted by either
artificially adding CO2 or increasing the number of fish in the aquarium.

Topic: Metabolism

Competencies
Using specific examples, I can
describe and explain the
functions of products of
anabolic
and
catabolic
metabolic processes of an
organism in the organism
itself and their significance for
other organisms.

time: 15 min
5.

Like all living beings, angelfish are adapted to the conditions in their natural
habitat. Therefore, environmental conditions in an aquarium should mimic the
conditions of the natural habitat. That means a water temperature between 24
and 28 ° C, very soft water with a German degree of hardness between 1 and 3 °
dH, without excessive water movement, and a pH between 5 and 7. The aquarium
should also have plenty of vegetation and at the same time leave enough space
for swimming. The angelfish should be fed a carnivorous diet.
The water temperature and the pH of the water, in particular, influence the
activity of angelfish enzymes and thus their metabolic activity. These should be
kept close to the optimum of this species in order to achieve the best possible
health and growth of the fish by facilitating their metabolic activity. If, for example,
the angelfish enzymes involved in cellular respiration or digestion cannot work
optimally because they are hindered by adverse external factors (temperature,
pH, ...), cell respiration / digestion / ... can only take place at a reduced rate, which
affects the activity of the animals and their health negatively.
Even if individual enzymes, such as trypsin, have different optima in terms of
temperature, it can be assumed that the entirety of an angelfish’s enzymes work
most effectively at a temperature of 24 to 28 ° C because the fish are adapted to
the overall conditions of their habitat.
It is important that their food resembles a carnivorous, because it can be assumed
that angelfish only possess those digestive enzymes that are necessary for their
natural nutrition. If you switched to plant-based food, they would not have the
necessary enzymes to digest this food. Enzymes are substrate-specific. So, they
can only interact with very specific substrates in a very specific way (reactionspecific), and they aren’t capable of adapting to substrates available at the time.
time: 15 min
Work Time: 60 min

Notes/Vocabulary:

I can list factors that influence
an enzyme’s activity, and I can
explain how these factors
influence an enzyme and its
activity.

I can explain the significance
of the active site of enzymes
for their substrate specifity
and their reaction specifity.

