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Candidate's Name:

A. Topic: Differentiation of Human Cells and Tissues (lOP)
1. A fertilised oocyte is able to produce a complex organism containing different tissues through the
processes of cell division and differentiation. Figs.1 and 2 each show a specific human tissue type .

..re.;"

Fig. 1: Section of a human tissue type (Electron micrograph)

·*Fig. 2: Section of-a human. tissue type (Compound
- ~ Microscope)
a.

Allocate the tissues depicted in Fig. 1 and 2 to one of the commonly recognised 4 basic tissue types
each. Give reason for your choice! (2P)

b.

Propose a possible location and corresponding function for each of the tissues (Fig.1) and (Fig.2) in
the human body. (2P)
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2. "Autistic Cell Culture"
Information: Autistic disorders are believed to be primarily of genetic origin resulting from
a defect brain development in the embryo.
Recently, American scientists have produced induced pluripotent stem cells (iPS) using skin
cells (fibroblasts) of human patients. Out of them they managed to grow tiny 3-dimensional
tissues ( of a few millimetres) made of brain cells. Comparing these brain-organo ids with
equally produced tissues of healthy humans revealed so far unknown insights into possible
causes of the autistic condition. Interestingly, the organo ids derived from the patients
developed an excess of neurons producing the neurotransmitter GABA (Gamma-AminoButyric Acid), which has an inhibitory effect on neighbouring neurons. The number of
neurons producing activating neurotransmitters had not been altered. This developmental
defect could be traced back to an overexpression of a single gene.
(Source: http://www.wissenschaft-aktuell.de,

a.

17.07.2015)

Using scientific terminology explain 4 significant steps a fibroblast has to go through in order to
become a brain cell.
(4P)
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b.

The formation of neurons out of fibroblasts can be monitored on the level of transcription through
the detection of corresponding mRNAs. Similarly, monoclonal antibodies can be used to identify
cell-specific proteins. Doing so, these products (e.g. proteins) may also be quantified. Use the
following diagram to indicate how the amounts of the following proteins would have to change
during the "transformation" of the above-mentioned tissues: A. DNA-Polymerase. B.
Neuropeptide. Comment and give reason for your drawing.
(2P)
Protein amounts
(relative numbers)

Time
(relative
units)
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B. Topic: Composition and Function of Blood
There are 3 patients in Dr Brown's waiting room explaining their symptoms to each other, passing time
while expecting their turn:
·
Mr Smith (44 years old): "Not that I am having particular aches or pain, but since weeks I generally don't
feel well. Sometimes my nose is bleeding, occasionally I feel feverish. Although this isn't all too bad, it is
just this overall sensation of weakness and being sick that bothers me."
Ms Eddie (20 years old): "When climbing stairs I am out of puff immediately and my heart is pumping as
if I were an old lady. My friends are teasing me constantly because I am getting tired so quickly. But see, it
has al ways been that way - and my father is exactly the same . . "
Ms Moods (l 6 years old): "Actually, I'm incessantly tired. At school I can barely concentrate. People close
to me are telling me all the time that I look pale and sickly. My mother reckons this could be caused by all
that blood loss during menstruation."
The following figures (I and 2) depict blood smears of the three patients (photographs) as well as
the diagnostic drawings of the same produced by Dr Brown's assistant. (Blood smear la belongs
to drawing 2a ... and so forth).

a)

Fig. 1 a, b und e: Blood smears
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a)
b)
Fig. 2 a-e) Diagnostic drawings of blood smears of the 3 patients, prepared by Dr Brown's assistant.

Fig. 3: Blood smear
drawing of a healthy
person.
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Put yourself in Dr Brown's position and analyse the above data of the patients. To do so, proceed as
follows:
I. Identify the different blood components of the healthy person's blood smear and label them
directly in Fig. 3.
(1.25P)
2. Assign each blood smear photo and corresponding drawing (Figs.1+2) to the correct patient
by comparing his or her comment with the blood data. Doing so write the correct figure
letters (a-e) into the head of the table below. Consulting the blood smear of the healthy
person in Fig. 3 is giving you clues.
(0.75P)
3. Fill in the table below using all patients' information provided. Suggest a preliminary diagnosis for
each of the 3 patients and propose a matching therapy.
(8P)
Patient

Mr Smith

Ms Eddie

Ms Moods

Blood smear and diagram

Blood smear and diagram

Blood smear and diagram

encoding:

encoding:

encoding:

Symptoms

Features of blood
smear

Diagnosis

Root cause for
disease

Treatment
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C. Topic: Heart and Circulation (10P)
1. The heart of a human foetus exhibits an opening between right and left atrium (the so-called foramen
ovale). Under normal circumstances the foramen ovale closes soon after birth within days or a few
weeks. In place of the opening an oval ditch called fossa ovalis remains.
a)

Develop a meaningful and reasonable hypothesis for why the foramen ovale is physiologically making
sense in a foetus but has no more function after birth.
(2P)

b) In some instances of congenital cardiac anomaly the septum between the ventricles exhibits a hole
(called a ventricular septum defect). How does this hole influence oxygen content of the blood that is
pumped from the heart into the body's systemic circulation?
(2P)

2. The Electrocardiogram (EKG or ECG) - an external measure of the heart's electrical excitation:
it measures the electrical activity of the heartbeat. Each heartbeat is an expansion and retraction of the
electrical impulse (or "wave") that travels through the heart producing an electrical field. This field
extends to the body surface and can be measured there. An EKG is therefore a manifestation of the
excitation and not the contraction of the heart.
a)

Label the EKG (Fig.I) of a healthy person with the clinically relevant waves /distances (P,

Q. R, S. T).
(IP)

Fig.1
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b) Interpret the following EKG (Fig.2) of a patient with cardiac issues: What do you notice? What
conclusions do you draw?
(2P)

Fig.2

3. Open and closed circulatory system
Describe the differences between an open and a closed circulatory system and name an example of a
biological species for each of these systems.
(3P)
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D. Topic: Respiratory System (lOP)

l. A question from the world of science: What causes infant respiratory distress syndrome (IROS)?
Experiment: Mary Allen A very, a Harvard scientist assumed that lack of surfactant could provoke IROS in
premature babies. In order to test her hypothesis she took tissue samples of the lungs of prematurely born
babies having died of either IROS or other conditions. She extracted the material and had it produce layers
on watery surface. Then A very measured the surface tension of each sample in dyn/cm (dyn is an old unit
for force, 1 dyn = 10 µN) and recorded the lowest surface tension measurement for each sample.
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Fig.I: Results of Mary Allen Averey's Experiments
a)

Describe the results depicted and summarised in Fig.l

b) Discuss the experimental results.

(2P)

(3P)
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(SP)

2. Label 10 structures of your choice within Fig. 2!

visceral
pleura

costal
pleura

elastic
fibres

inter-pleural space

Fig.2
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E. Topic: Enzyme Biology (10P)
l. Enzymatically catalysed reactions
(lP)

a.

Explain the relevance of enzymes for biochemical reactions.

b.

Fig. 1 schematically depicts an enzyme-catalysed reaction. Label the diagram with the 6 missing
scientific terms (indicated by the lines). Elucidate the process.
(4P)

Fig.l: Chemical reaction catalysed by an enzyme

11

Candidate's Name:

2. An experiment with bedbugs tCimex lectularilus)
Bedbugs are getting increasingly resilient by evolving poison-degrading enzymes protecting the bloodsucking insects more and more against insecticides. In fact, constant contact with insecticides stimulates
urban bedbugs to enhance enzyme production. This has been confirmed in an investigation using the
bugs in an experiment: Scientists observed that the levels of insecticide-degrading enzymes were much
higher in a bedbug strain collected in the city of Cincinnati than in the strain kept in their laboratory
(which had not been exposed to insecticides before).
(scinexx.de/wissen, 29.01.16)
You want to add some enzyme-inhibiting chemical to an insecticide. Decide for the inhibitory mechanism
that sounds most reasonable to you. Outline the reaction as it proceeds with and without the inhibition you
have chosen using the coordinate axes below (Fig 2). Attention: Choose an appropriate labelling for the
axes! Describe your figure and support with reasons why you have chosen this and not another inhibitory
mechanism.
(5P)

Fig. 2
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F. Topic: Nutrition, Digestion, Absorption and Metabolism (lOP)
Mucous membranes of the human small intestine are arranged in finger-like processes known as villi, each
of which is between 0.5 and 1.5 mm tall. Each villus is connected to two different capillary systems as
shown in Fig. 1.

Left subclavian

Villus (greatly enlarged)

Lacteal

Fig. I

a)

Chose 6 of the details marked in Fig. 1 and list them together with their main function into the
following table:
(6P)
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Nr
1

Label

Main function

2

3

4

5

6

14

Candidate's Name:
a)

Briefly summarise how in general the absorption of nutrients in the small intestine works. Doing so
consider the directions depicted by the arrows in Fig. I!
(I .SP)

b) Give a well justified explanation for how the inner lining of the small intestine is adapted to its
function
(1 P)

e)

In rare cases a tapeworm infects humans. The parasite anchors itself to the inner wall of the small
intestine. What types of digestive functions would you expect a tapeworm to possess?
(1.SP)
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G. Topic: Urinary System and Kidneys (10P)
Information: Since most metabolic wastes must be dissolved in water to be excreted from the
body, the type and quantity of waste products may have a large impact on an animal's water
balance.
Ammonia (NH3) is very toxic, in part because its ion, ammonium (NH4 interferes with
energy and glutamate metabolism. Although some animals excrete ammonia directly, many
species expend energy to convert it to less toxic compounds prior to excretion. Urea is
synthesized through a reaction of ammonia with CO2 resulting in a highly water-soluble
compound. Uric acid is non-toxic and does not readily dissolve in water. It is however
energetically more costly than urea.
(adapted.from Campbell, Biology, JO.Ed. 2014)
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Fig.1
l. Using the above information and the examples in Fig.1 describe the correlation between nitrogen
metabolism and excretion in the animal kingdom comparing the life styles of the animals depicted. Doing
so comment on toxicity and the energetic aspect of nitrogen disposal in particular.
(3P)

2. The diagrams in Fig.2 a,b below depict nephron details of two different mammals, which have adapted
to different environmental conditions. Complete the figure's table using the following instructions:
- In the headline at a) and b) fill in the adaptive conditions of the two mammals you interpret from reading
the diagram.
(1 P)
- Give an example of an "animal type" each of the two nephron versions suggests to you.
(1P)

- Choose an appropriate comparative adjective to describe the water retention you estimate for each a)
and b).
(IP)
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CONDITIONS

Nephron

Animal type:

8

•

Water Loss

Water Loss

Faeces

Faeces

Urine
Urine

Evaporation

___

water retention

___

water retention

Evaporation

Fig.2 a,b
3. What is the central statement/ the key message of the diagram in Fig. 2a,b? Summarise its main
messages!
(4P)
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H. Topic: Communication and Hormonal Systems (lOP)
a)

Complete Fig. I by filling in the functions of the cell types shown. Doing so, write down one function
for each pancreas cell type and two functions each for the liver and muscle cells as indicated by the
dashes.
( 4P)

Liver ce/ls
Langerhans Islets
of pancreas
a-cells

------,
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ß-cells

Muscle cells

Blood sugar level
I

high concentration

'------------------

High-carb
nutrition------'

low concentration
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I
I
I
I
I
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e
e

"Starvation".

Metabolic degradation

Fig. I
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b) Name 3 different classes of hormones and in a short and concise descriptive text compare composition,
transport mechanism and mode of action of these 3 classes.
(6P)
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l. Topic: Nervous System (lOP)
In order to clarify whether the
efficiency of synaptic transmission is
adaptable, experiments were
performed using tissue slices of the
hippocampus.
The experiment in Fig.1 shows a
pyramidal cell with two connections:
Axon I with synapse E 1 (more
proximal to the cell body) and Axon 2
with synapse E2 (more distal to the
pyramidal cell body). Membrane
potentials (EPSP) were recorded
directly at the pyramidal cell body as
shown.

Synapse E2

Axon2r
f

l

Stimulus
Pyramidal cell

Synapse E1 -----~
Axon 1
--

.... ~~---<'Il

Stimulus

Fig.1

Experimental set A
Fig. 2: Individual spikes were sent through axon 1 to synapse El resulting in the following EPSP:
ro

·e
e
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~Amplitude

Time

Time (ms}

Fig 3: Then an impulse series was sent through axon 1 to synapse El. Afterwards, individual
spikes were conducted through the same axon to synapse 1. Fig.3 shows the recorded EPSP:
ro
p

e

so

CL

11111

lilli

lilli
Time

Time (ms)

Note: Impulse series sent through the distal synapse E2 followed by single spikes from synapse
El did not provoke an overall increase in EPSP Amplitude.

Experimental set B
If however impulse series were sent through axons I and 2 to synapses El and E2 contemporarily,
then a higher EPSP could be measured after sending individual spikes through synapse E2.
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a)

Describe the results depicted in experiment A by comparing them with the results of
experiment B.

( 4P)

b)

Discuss the initial question of whether the efficiency of synaptic transmission is adaptable.
(2P)

e)

What will happen at the membrane of a neurone if the EPSP reaches and surpasses threshold?
List 4 changes happening successively at the membrane during the first milliseconds after the
threshold potential has been reached.
(2P)
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J. Topic: Cell Cycle and Genetics (lOP)
Task 1: Pedigree Analysis
m

w

DC·
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Konduklonn
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normal

krank

2

3

4

5

6

Fig.I: Pedigree of a family with muscular dystrophy (attention: colour coded are only
people phenotypically affected by muscular dystrophy!)

a)

Label all carriers in the pedigree that are certain!

(IP)

b) Investigate the pedigree in Fig. J. Explain the mode of inheritance of muscular dystrophy you
may read out of the pedigree. Give reason for your analysis.
(2P)

e)

Who of the women in generation III are the least likely to be carriers? Why? Give reason for
your thought process.
(2P)
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Task 2: Genetics of Muscular Dystrophy (MD)
Information: Muscular dystrophy (MD) is a collective group of inherited disorders coming in
several forms of various severities. Genetic analysis of patients bearing the disease revealed
different DNA sequences of the muscular dystrophy gene (see the normal gene sequence in Fig.2
and different variants in Fig.3).
Normal:
ATG GTG AAG GTC GGT GTG AAC GGA TTT GGC CGT ATT GGG CGC CTG GTC
Met Val Lys Val Gly Val Asn Gly Phe Gly Arg Ile Gly Arg Leu Val
Fig.2: Sequence excerpt of the normal gene for muscular dystrophy.

1.

ATG GTG AAG GTC GGT GTG AAC GGA TGT TGG CCG TAT TGG GCG CCT GGT C
Met Val Lys Val Gly Val Asn

2.

ATG GTG AAG GTC GGT GTG AAC GGA TTC GGC CGT ATT GGG CGC CTG GTC
Met Val Lys Val Gly Val Asn Gly Phe Gly Arg Ile Gly Arg Leu Val

3.

ATG GTG AAG GTC GGT GTG AAG GGA TTT GGC CGT ATT GGG CGC CTG GTC
Met Val Lys Val Gly Val Lys Gly Phe Gly Arg Ile Gly Arg Leu Val

4.

ATG GTG AAG GTC GGT GTG AAC TGA TTT GGC CGT ATT GGG CGC CTG GTC

Fig.3: Genetic analysis: Sequences excerpts of muscular dystrophy genes coming from affected
patients.

3'

Fig.4: Code-sun
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Tasks:
a)

Fig.3: Complete the amino acid sequence of the MD gene excerpt 1 and write down the
entire amino acid sequence of the MD gene excerpt 4 (directly into Fig.3). Doing so, use the
Code-sun in Fig. 4.
(2P)

b) Analyse the mutations 1- 4. Label them in Fig.3 and explain how they affect the resulting
proteins.
(2P)

e)

Evaluate which ones of the above mutations would most probably lead to the severe
"Duchenne form" and which instead would give rise to the less severe "Becker form" of MD.
Comment on your thought process.
(1 P)
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K. Topic: Reproduction and Development (lOP)
Information: Loneliness leads to Parthenogenesis
A female Komodo dragon (Varanus komodoensis) having lived isolated at a London Zoo for
several years has produced offspring unexpectedly. Each Komodo dragon baby showed 2
identical copies of each gene. However, each individual offspring showed a genetically distinct
gene pattern in comparison to their siblings.

Fig. I: Female Komodo dragon

Tasks
a)

As for all living beings reproduction and development in the Komodo dragon is accompanied
by the nuclear division processes of mitosis and meiosis. ln order to elucidate a crucial
difference between the two processes, you will produce two labelled drawings:
l.

Draw a cell with two homologous chromosome pairs(= 4 chromosomes), during mitotic
Anaphase. Label 2 important structures in your drawing.
(2P)

II. Then draw a cell with two pairs of homologous chromosomes(= 4 chromosomes)
during meiotic Anaphase 1. Label 2 important structures also in this drawing.
(2P)
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III. In a few sentences give reason for the necessary difference you have drawn!

(2P)

b) Develop a hypothesis, which could explain the observations made for the Komodo dragon of
the London Zoo.
(2P)

e)

Gender determination in Komodo dragons is defined by a heterozygous pair of chromosomes
WZ for females and a homologous pair of chromosomes ZZ for males. Individuals exhibiting
a homologous WW pair of chromosomes have never been observed. Following this
information, what are the consequences for the mode of sex allocation in Komodo dragons
resulting from parthenogenesis only (see above information section)?
(2P)
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L. Topic: Evolution (lOP)
Information: Discuta
Terrestrial snails of the genus Disc u la, found on one of the Canary Islands, have originated
from founder species, which were carried to the island on floating logs or by birds. For a
general example of the species, see Fig. 4b.
The genus Discula is now split into two subgenera as shown in diagram (Fig. 4a).
Species C and D have been found to inhabit separate mountains on the island.

subgenus

Genus Discu/a

subgenus

Fig.4a

<
<

SpeciesA

Species B

Species

e
Discula spec.

Species D

Fi2.4b

Tasks:
1.

2.

Define the following terms and give an example for each:
a.

Genus:

b.

Species:

(2P)

Suggest why (a) species C and D may eventually show changes in gene frequency (2P)
and (b) how these eventual changes in gene frequency might occur.
(3P)
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3.

Explain why different species of Discuta found in the same habitat could be expected to
have different food requirements.
(1 P)

4.

Suggest why competition might be greater between species A and B rather than between
species A and D.
(2P)
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