Marking scheme
Task A1 (20.5 points)
Question A1.1 Draw a representative section from slide A. Label with terms from Table 1. (8 points)
Technical requirements: 1 point maximum, 0 points minimum
magnification, drawn in pencil, large enough drawing. Each missing/incorrect −0.5 points
Drawing: 2.5 points maximum, 0 points minimum
Incorrect drawing of structure of epidermis (including structure of its layers) −0,5 points
Grossly incorrect structure of epidermis/dermis −1 point each
Any additional important inaccuracies −0,5 or −1 point each depending on severity (eg. missing
hair follicles in mouse skin…)
Labels: 2.5 points maximum, 0 points minimum
Incorrectly labelled structures (from Table 1 or not) −0,5 points each
Superfluously labelled structures (from Table 1 or not) −0,5 points each
Unlabelled structures drawn −0,5 points each
Unlabelled dermis (H) or epidermis (I) −0,5 points each
Staining and preparation: 2 points maximum, 0 points minimum
Too weak or too strong staining hematoxylin/eosin −0,5 or −1 point each depending on
severity
Additional imperfections or damage −0,5 or −1 point each depending on severity
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Question A1.2 Draw a representative section from slide B. Label with terms from Table 1. (8 points)
Technical requirements: 1 point maximum, 0 points minimum
magnification, drawn in pencil, large enough drawing. Each missing/incorrect −0.5 points
Drawing: 2.5 points maximum, 0 points minimum
Incorrect drawing of structure of epidermis (including structure of its layers) −0,5 points
Grossly incorrect structure of epidermis/dermis −1 point each
Any additional important inaccuracies −0,5 or −1 point each depending on severity (eg.
inaccurate layer thickness ratios – thicker dermis in naked mole rat than in mouse)
Labels: 2.5 points maximum, 0 points minimum
Incorrectly labelled structures (from Table 1 or not) −0,5 points each
Superfluously labelled structures (from Table 1 or not) −0,5 points each
Unlabelled structures drawn −0,5 points each
Unlabelled dermis or epidermis −0,5 points each
Staining and preparation: 2 points maximum, 0 points minimum
Too weak or too strong staining hematoxylin/eosin −0,5 or −1 point each depending on
severity
Additional imperfections or damage −0,5 or −1 point each depending on severity
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Question A1.3 Enter the letter (A or B) of your slides to the corresponding animal from which the
skin sections were prepared. (1 point)
Mouse

A

Naked mole-rat

B

Any other solution 0 points
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Question A1.4 Label the epidermal layers in one of your drawings from Question 1.1 or 1.2. (2
points)
Two layers flipped 1 point
Three or four layers misassigned 0 points
Any additional confusion in borders between layers or assignment of layers −0.5 points each
Incorrect drawing of epidermis including layers −0.5 points from question 1.1 or 1.2, do not deduct
here
Question A1.5 Which biomolecule is most likely the target of hematoxylin staining? Indicate the
corresponding molecule by a tick (Ö). (1.5 point)
cellulose
water

Ö

DNA
transmembrane proteins
phospholipids
simple sugars (oligosaccharides)

Any additional answer 0 points, no answer or any wrong answer 0 points
Task A2 (13 points)
Question A2.1 (8 points)
For each drawing (C1, C2, D1, D2) maximum 2 points
Technical requirements: magnification, drawn in pencil, large enough drawing. All correct 0.5
points, anything missing/incorrect 0 points
Drawing: maximum 0.5 points, gross inaccuracies 0 points
Any incorrect labelling −0.5 points each
Correctly indicated dermis in sections C2 and D1 as the stained layer 0.5 points each
Correctly labelled dermis in sections C2 and D1 as the stained layer 0.5 point each
In sections C1 and D2 no layer labelled as stained brown 1 point; any layer labelled as stained
in any way 0 points
Question A2.2 Write the code of the section (C1, C2, D1, D2) to the corresponding field in the
answer sheet. (2 points)
Animal origin
Treatment
Section code
Mouse

hyaluronidase

C1

Mouse

mock

C2

Naked mole-rat

hyaluronidase

D2

Naked mole-rat

mock

D1

Two options flipped 0.5 points
Three or four options misassigned 0 points
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Question A2.3 Where do the extracellular matrix components come from? Choose the correct
statement(s) regarding the protein and polysaccharides molecules found in the matrix and label with
by a tick (Ö) in the answer sheet. (1 point)
They are directly extracted from the surrounding environment. The animal incorporates
selected molecules into both superficial and deeper layers of skin.
They are largely synthetized by skin microbiome (mainly bacteria). Animals with different
microbiome display different composition of extracellular matrix.
They are synthetized solely by liver cells. Blood and lymph transport them to the skin.
They are synthetized by cells directly in the tissue. Some molecules are made inside the
Ö
cells and subsequently exported by exocytosis; others are synthetized by transmembrane
enzymes.
Any other solution 0 points

Question A2.4 What is the role of HA in skin and other tissues? Pick the correct answer(s) by a tick
(Ö) in the answer sheet. (2 point)

It maintains sufficient hydratation of the tissue.

Ö

It can serve as lubricant, e.g., in joints.

Ö

It has a large space-filling capacity.

Ö

It regulates migration of cells.

Ö

Each answer correctly ticked / not ticked 0.5 points
Task A3 (16.5 points)
Question A3.1 What type of molecular motors would you expect to be responsible for the transport
of melanosomes to the cell periphery? (1 point)
Write the letter of the correct answer in the box
A
More than one letter in the box 0 points
Wrong answer, no answer 0 points
Question A3.2 Which absorbance curve corresponds to eumelanins and which to pheomelanins?
(0.5 points)
Eumelanins

A

Pheomelanins

B

Any other solution 0 points
Question A3.3 Which statements are correct about eumelanin/pheomelanin absorption? Indicate by
a tick (Ö) (select 0–3 answers). (1.5 points)

5

a)
b)
c)

Ö

Each answer correctly ticked / not ticked 0.5 points
Question A3.4 Which statements are correct about melanin production? Indicate by a tick (Ö) (select
0–10 answers). (5 points)
a)

Ö

b)
c)
d)

Ö

e)
f)
g)
h)

Ö

i)
j)
Each answer correctly ticked / not ticked 0.5 points
Question A3.5 In which cases would you expect hyperpigmentation? Choose all true statements and
indicate them by a tick (Ö) (select 0–4 answers). (2 points)
a)

Ö

b)
c)
d)

Ö

Each answer correctly ticked / not ticked 0.5 points
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Question A3.6 Which statements about regulation of sweat production are most likely true? Choose all
true statements and indicate them by a tick (Ö) (select 0-9 answers). (4.5 points)
a)

Ö

b)
c)
d)
e)
f)

Ö

g)

Ö

h)

Ö

i)

Ö

Each answer correctly ticked / not ticked 0.5 points
Question A3.7 Which statements about thermoregulation and regulation of water loss in the naked mole
rat make sense? Choose all true statements and indicate them by a tick (Ö) (select 0-4 answers). (2
points)
a)
b)
c)

Ö

d)

Ö

Each answer correctly ticked / not ticked 0.5 points
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EVEN MORE DETAILED MARKING SCHEME PHYSICS – PART 1
MECHANICAL PROPERTIES OF HYALURONIC ACID

TASK 1: Water binding properties
Graph 1: suitable scale
described axes
units
correct points, not connected
Correct values of diameter + precision
Correct values of weight + precision
Graph 2: suitable scale
described axes
units
correct points, not connected
Graph 1: suitable scale
described axes
units
correct points, not connected
Correct answer to Question 1.1
Correct values of half-time
Correct units and precision for half-time

1 pt.
1 pt.
1 pt.
1 pt.
2 pt.
2 pt.
1 pt.
1 pt.
1 pt.
1 pt.
1 pt.
1 pt.
1 pt.
1 pt.
2 pt.
1 pt.
1 pt.
20 pts.

TASK 2: Surface tension of hyaluronic acid
Sample 1 Table
four columns per 0.5 pt. + right value
arithmetic mean + abs. error
result arithmetic mean ± abs. error + unit
Sample 1 Table
four columns per 0.5 pt. + right value
arithmetic mean + abs. error
result arithmetic mean ± abs. error + unit
Correct answer to Question 2.2

TASK 3: Lubrication properties of hyaluronic acid
Derivation:
Table 1
Table 2
Dry rough side
Dry smooth side
Table 3

2 pts.
3 pts.
3 pts.
1 pt.
1 pt.
3 pts.

2.5 pt.
1 pt.
1 pt.
2.5 pt.
1 pt.
1 pt.
1 pt.
10 pts.

Table 4
Lubricated rough side
Lubricated smooth side
Correct answer to Question 3.5.

3 pts.
1 pt.
1 pt.
1 pt.
20 pts.

Task C1 – 19 points
Dear mentors,
we slightly changed our original marking scheme to cover also “small” errors of students
and add them some points if complicated calculation was almost correct but “small” error
occurred, e.g. wrong order of some quantity was used or diameter instead of radius was
included in calculation of viscosity, or slightly wrong rounding was used (or too rough
value was presented) e.g. in calculation of wavenumber of concentrations.
Authors
Question C1.1
How many carbon atoms are in a structural unit of hyaluronic acid?
14
0.5 points
Calculate the degree of polymerization of hyaluronic acid chain weighting 150 kDa
(kilodalton).
(C14H21NO11)n
M = 379
n = 150000 / 379 = 396
1 point
If incorrect molar mass is calculated but polymerization degree is correct (according to the
incorrect M) then 0.25 points.
n(150 kDa polymer): 396
In total 1.5 points for C1.1.
Viscosity measurement
Question C1.2 Speed of fall of the steel ball
M [kDa]
t [s]

l [mm]

v [mm∙s−1]

xxx
xxx
xxx
xxx
0.25 points for each correctly calculated speed.
If obvious error was done during path measurement or values in other unit than “mm” are
given, then penalty of one half of point gain is applied.
In total 1 point for C1.2.
Question C1.3 Calculation of viscosity
gravity = resistance + buoyancy
6 ∙ ∙ r ∙ v = (Δ ∙ V ∙ g)
 = (2 ∙ Δ ∙  ∙ r2 ∙ g) / (9 ∙ v)
3.5 points
If buoyancy is not included then penalty of 1 point is applied.
Viscosity of solutions
M [kDa]

 [N∙s∙mm−2]

 [Pa∙s]
1

xxx
xxx
xxx
xxx
xxx
xxx
xxx
xxx
0.5 points for each correctly calculated viscosity in N∙s∙mm−2. If buoyancy was not included
but calculation is otherwise correct then no penalty is applied.
If values of viscosity are calculated correctly but order is wrong then penalty of 1 point is
applied.
If values of viscosity are calculated correctly but diameter was used instead of radius then
penalty of 1 point is applied.
0.25 points for each correctly calculated viscosity in Pa∙s (differs from the previous by 106
factor).
In total 6.5 points for C1.3.
Question C1.4 Empirical coefficients
K=
xxx
α=
xxx
1 point for correct linearization in Graph: log = logK + α∙logM
(0.25 points penalty for non-well-looking Graph)
1 point for reasonable determined K, 1 point for reasonably determined α.
In total 3 points for C1.4.
Polymer degradation
Question C1.5 Times of ball fall in individual mixtures
Time of ball fall (measured by the second stopwatches) [s]
Total time
(according to
the first
mixture a
mixture b
mixture c
mixture d
mixture e
stopwatches)
[min]
5∙xxx
5∙xxx
5∙xxx
5∙xxx
5∙xxx
0.2 points for each experimental data.
In total 5 points for C1.5.
Question C1.6 What is probable mechanism of polymer degradation? Mark the right answer.
a) electrophilic
b) nucleophilic
c) radical
1 point
Mark the detailed explanation of the reaction mechanism.
a) Electrophilic activation of the molecule of hydrogen peroxide before nucleophile attack of
the sugar unit.
b) Catalytic role of the metal ion on peroxide decomposition – formation of HO∙ and HOO∙
radicals.
c) Electrophilic activation of the glycoside bond by coordination to the metal ion before
nucleophilic attack of hydrogen peroxide.
d) Electrophilic activation of the glycoside bond by coordination to the metal ion before
nucleophilic attack of water molecule.
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e) Catalytic splitting of hydrogen peroxide to HO∙ radicals due to intermolecular hydrogen
bonds formation with neighbouring hydroxide group after forming a cyclic intermediate.
1 point
In total 2 points for C1.6.

Task C2 – 16 points
Question C2.1
Value of pKA of unsubstituted organic acids is ca 4.8 [e.g. pKA(acetic acid) = 4.76,
pKA(propionic acid) = 4.88, pKA(butyric acid) = 4.81].
Mark the reason, why pKA of D-glucuronic acid differs from those of mentioned organic acids.
a) Electron withdrawing inductive effect of electronegative oxygen atoms bound to the carbon.
b) Electron donating inductive effect of free electron pairs of oxygen atoms from hydroxo
groups present in the molecule.
c) Carboxylate deprotonation is stabilized by an intramolecular hydrogen bonding due to a
presence of neighbouring hydroxo group.
d) Better delocalization of the negative charge in the anion of D-glucuronic acid when
compared to mentioned examples.
e) Due to positive mesomeric effect of the hydroxo group bound to the -carbon.
f) Due to a general Pauling-Bell rule of correlation of acidity with number of oxo/hydroxo
groups present in the molecule.
In total 1 point for C2.1.
Question C2.2
In what pH region will solution of acetic acid work as the best buffer? Mark the right answer.
a) pH 0–2
b) pH 2–4
c) pH 4–6
d) pH 6–8
e) pH 8–10
In total 1 point for C2.2.
Question C2.3
In what pH region will lie pH of the 0.1M solution of sodium acetate? Mark the right answer.
a) pH 2–4
b) pH 4–6
c) pH 6–8
d) pH 8–10
e) 10–12
In total 1 point for C2.3.
Question C2.4
Factorization of stock solution of NaOH
Consumed volumes of NaOH in factorization
V1 [ml]

V2 [ml]

V3 [ml]

accepted value of
V [ml]

xxx
Difference from “master value” obtained by organizers is marked.
ΔV ≤ 0.3 ml: 3 points
0.3 ml ≤ ΔV ≤ 0.9 ml: 4.5 – 5∙ΔV points
0.9 ml < ΔV: 0 points
Maximum 3 points for C2.4.
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Question C2.5 Concentration of stock solution of NaOH
n(NaOH) = 2∙n(oxal)
c(NaOH) = 2∙c(oxal)∙V(oxal) / V(NaOH)
0.5 points for correct procedure.
0.5 point for correct numerics.
c(NaOH):

xxx mol∙dm−3
In total 1 point for C2.5.

Determination of concentration of D-glucuronic acid
Question C2.6 Consumed volumes of NaOH in titrations of D-glucuronic acid
accepted value of
V1 [ml]
V2 [ml]
V3 [ml]
V [ml]
xxx
Difference from “master value” obtained by organizers is marked.
ΔV ≤ 0.2 ml: 3 points
0.2 ml ≤ ΔV ≤ 0.5 ml: 5 – 10∙ΔV points
0.5 ml < ΔV: 0 points
Maximum 3 points for C2.6.
Question C2.7 Concentration of D-glucuronic acid
n(ga) = n(NaOH)
c(ga) = c(NaOH)∙V(NaOH) / V(ga)
0.5 points for correct procedure.
0.5 point for correct numerics.
c(D-glucuronic acid) =

xxx mol∙dm−3
In total 1 point for C2.7.

Question C2.8
Chosen volume of NaOH
V(NaOH) =

pH values of prepared solutions
pH1
pH2
xxx

xxx ml
1 point for one-half value of consumed NaOH in titration.

xxx
0.5 points for each measured value.

Determined pKA of D-glucuronic acid
pKA(D-glucuronic acid) =
xxx
Difference from “master value” obtained by organizers is marked.
ΔV ≤ 0.3 ml: 3 points
0.3 ml ≤ ΔV ≤ 0.6 ml: 6 – 10∙ΔV points
0.6 ml < ΔV: 0 points
In total 5 points for C2.6.
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Task C3 – 15 points
Question C3.1
What is energy of photon of light used for spectrophotometric measurement (585 nm)?
Write the value as frequency (in Hz) as well as wavenumber (in cm−1).
=c/
̃ = 1 / 
0.5 for each correct formula.
0.5 for each correct numerics.
−1
If wrong rounding of wavenumber to 17000 cm was applied then penalty of 0.25 points is
applied.
−14
−1
5.12∙10 Hz
̃(585 nm) =
17094 cm
(585 nm) =
In total 2 points for C3.1.
Question C3.2
Absorbance of prepared solutions
c(N-acetyl-Dsolution
glucosamine)
A(585 nm)
[mol∙dm−3]
standard 0
0
xxx
−4
standard 1
2.5∙10
xxx
−4
standard 2
5.0∙10
xxx
standard 3
7.5∙10−4
xxx
−3
standard 4
1.00∙10
xxx
unknown sample
–
xxx
0.5 points for each correct concentration of the standards.
Maximum 6.5 b for linearity of the calibration curve: the best value of 1.3∙n∙R2 from linear fit
performed with students’ data (n = number of points included in the regression, lower
number than all 5 points takes place when R2 is lower than 0.8 and only one data point is
obviously wrong from correct trend).
Penalty of one half of the point gain if absorbances are non-realistically low.
Further penalty of 0.25 points for non-well-looking or missing Graph.
In total 8 points for C3.2.
Question C3.3
c(unknown sample):

xxx mol∙dm−3
Difference from “master value” given by organizers is marked.
Δc ≤ 0.5 mM: 5 points
0.5 mM ≤ Δc ≤ 2.5 mM: 6.25 – 2.5∙Δc points
2.5 mM < Δc: 0 points
Maximum 5 points for C3.3.
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