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TEMPLATE ASSESSOR'S GUIDE

The assessor's guide is prepared by the person(s) who creates the assignment/question bank for
each exam and is prepared at the same time as the examination questions.

The assessor's guides must be available for the students after the grades have been determined, in
accordance with the Higher Education Act § 5-3 (3) - https://lovdata.no/lov/2005-04-01-15/§5-3

General information

Course information

Course code THP301

Course hame Cell Biology

Academic year and Fall 2025

semester

Credits 10

Course responsible Professor Adam P. Sharples
Type of examination 4 Hour Home Exam

The template is adapted to the type of examination/assessment form.
Documents that must be available to the assessor

[1 Examination questions (if not included in WISEflow)

1 Course syllabus or program syllabus

LI Information given to students about the specific exam

Learning outcomes

Which learning outcome descriptions is the examination linked to?
In the examination the following learning outcomes are assessed:

e Know-how and explain how exercise creates extracellular signals outside cells that lead to
activation of receptors/channels and subsequent intracellular signalling, gene expression
and changes in protein levels within cells.

e Understand, explain and discuss the molecular adaptation to resistance exercise.

e Understand, explain and discuss the molecular adaptation to endurance exercise.

e Understand, explain and discuss the epigenetics of exercise.

In the lab report the following learning outcomes are assessed:

e Understand laboratory methods for assessing intracellular signalling, gene expression and
protein levels and perform gene expression methods in skeletal muscle after exercise.


https://lovdata.no/lov/2005-04-01-15/§5-3
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Syllabus/subject matter

Refer to the most relevant parts of the syllabus/subject matter related to the examination paper.

Introduction

The course gives the students an overview on cellular and molecular biology related to the function
of DNA, RNA and protein, regulation of gene expression, and intracellular signaling systems involved
in molecular exercise physiology.

Whole Course Learning outcomes

The students should be able to

e Know-how and explain how exercise creates extracellular signals outside cells that lead to
activation of receptors/channels and subsequent intracellular signalling, gene expression
and changes in protein levels within cells.

e Understand, explain and discuss the molecular adaptation to resistance exercise.

e Understand, explain and discuss the molecular adaptation to endurance exercise.

e Understand, explain and discuss genetics of muscle mass, strength and endurance
performance.

e Understand, explain and discuss the epigenetics of exercise.

e Understand laboratory methods for assessing intracellular signalling, gene expression and
protein levels and perform gene expression methods in skeletal muscle after exercise.

Learning styles and activities

The course consists of lectures, student presentations and one laboratory course (followed by a
written lab report — see below).

Assessment

e 4 hours individual HOME exam. Graded A-F.
Recourses/materials which may be used in the exam:
Any available resources are allowed to be used in the HOME exam.
All exams are subject to plagiarism checks.
Answers in ENGLISH or Norwegian.

e Laboratory report is assessed on a pass/ fail basis.

Tasks submitted via Wiseflow are ran through plagiarism control.

Core material

1 BOOK:

Sharples, A. P. James P. Morton, J. P. & Henning Wackerhage, H. (2022). Molecular exercise
physiology: An introduction (2nd ed.). Routledge.

* You will find the book in the Library, here: ORIA

** This book is also available online: Click here to download.



https://bibsys-almaprimo.hosted.exlibrisgroup.com/permalink/f/1jff5t9/BIBSYS_ILS71646654060002201
https://bibsys-almaprimo.hosted.exlibrisgroup.com/permalink/f/1a7dv16/BIBSYS_ILS71488696290002201
https://bibsys-almaprimo.hosted.exlibrisgroup.com/permalink/f/1a7dv16/BIBSYS_ILS71488696290002201
https://doi.org/10.4324/9781315110752
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*** NB! To open electronic books off campus, you must use the following VPN connection: Click
here to download.

Teaching

Lecture Plan

Session 1 (Week 36) Wednesday 3rd Sept, 12.30 — 16.15: Introduction to course (Prof. Adam
Sharples). Then Learning Outcome: Know-how and explain how exercise creates extracellular signals
outside cells that lead to activation of receptors/channels and subsequent intracellular signalling,
gene expression and changes in protein levels within cells. AND: Understand basic laboratory
methods for assessing intracellular signalling, gene expression and protein levels in skeletal muscle
after exercise (Prof. Adam Sharples).

Session 2 (Week 37) Wednesday 10 Sept, 12.30 — 16.15: Learning Outcome: Understand, explain
and discuss the molecular adaptation to resistance exercise. (Prof. Adam Sharples).

Session 3 (Week 38) Wednesday 17t Sept, 12.30 — 16.15: Student presentations on session 2’s
topics. (Prof. Adam Sharples).

Session 4 (Week 39) Wednesday 24 Sept, 12.30 — 16.15: Learning Outcome: Understand, explain
and discuss the molecular adaptation to endurance exercise. (Online Lecture: External Expert Dr.
Sam Impey).

Session 5 (Week 40) Wednesday 1t Oct, 12.30 — 16.15: Student Presentations on session 4’s topic
(Prof. Adam Sharples).

Session 6 (Week 41) Wednesday 8" Oct, 12.30 — 16.15: Learning Outcome: Understand, explain and
discuss genetics of muscle mass and strength. (Online Lecture: Dr. llldus Ahmetov LIMU, UK, External
expert).

Session 7 (Week 42) Wednesday 15" Oct, 12.30 — 16.15: Student presentations session 6’s topics.
(Prof. Adam Sharples).

Session 8 (Week 43) Wednesday 22" Oct, 12.30 — 16.15:

Learning Outcome: Understand, explain and discuss the epigenetics of resistance and endurance
exercise. (Prof. Adam Sharples).

Session 9 (Week 44) Wednesday 29" Oct, 12.30 — 16.15: Student presentations on session 8’s
topics. (Prof. Adam Sharples) Attendance important-_information regarding laboratory practical
sessions and important information on the format of the exam.

Session 10 (Week 45) Friday 7*" November: Revision session for Exam with Course leader (Prof.
Adam Sharples).


http://www.nih.no/en/study-support/library/lib/off-campus/
http://www.nih.no/en/study-support/library/lib/off-campus/

I\l | NORGES
IDRETTSHBGSKOLE

Week 46 — no scheduled session (revision for exam recommended)

Session 10/11 (Week 47) Laboratory sessions (to derive data for lab report). There are 2 available
sessions: Wednesday 19*" Nov, 12.30 — 16.30 OR Thursday 20" Nov, 12.15 — 16.15. Learning
outcome - Perform gene expression methods in skeletal muscle after exercise. (Stian F. Christiansen)

(Students required to only attend ONE of these lab sessions- which date you will attend will be

confirmed closer to the time). Lab session entitled: ‘Gene expression analysis of skeletal muscle after

exercise.” All students will have data for lab report released by Morning of Friday 21" Nov (Lab
report deadline: Thursday 4th DECEMBER by 14.00).

Session 12 (Week 48) Wednesday 26" November: Student Lab Report writing (NO physical session).

Session 13 (Week 49) Wednesday 3" December Student Lab Report writing / own exam revision
(NO physical session).

Week 48 Lab report deadline: Thursday 4th DECEMBER by 14.00

EXAM (Week 450) Fri 12* Dec, 10.00 - 14.00.

Summary/suggested solutions/assessment criteria

Exam criteria

e There are 4 main questions from 4 of the main topics covered in the Cell Biology Course.
Each question contains 2-3 sub-questions (for example a, b and / or c).

e Each main question is worth 25 marks (25 marks x 4 questions = 100 Marks in Total).
e Exam is graded A-F.

e Students should spend approximately 1 hour on each main question (4 hours in total).

e Any resources ARE allowed to be used in the HOME exam.
o All exams will be subject to plagiarism checks.

e Answers can be in English or Norwegian, although the course is delivered in English
(international students enrolled on course, exam questions are therefore in English,
therefore the students typically submit in English).

Exam Questions (in black) and Answers (in blue).
Question 1

Topic- What is Cellular / Molecular Exercise Physiology and the ‘signal transduction theory’ of
exercise adaptation.
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Learning objective: Know-how and explain how exercise creates extracellular signals outside cells

that lead to activation of receptors/channels and subsequent intracellular signalling, gene expression
and changes in protein levels within cells.

a) Provide a short definition for: What is ‘molecular exercise physiology’? (3 marks)

Molecular exercise physiology is, ‘the study of the underlying regulatory mechanisms that underpin
physiological adaptation to exercise.’

b) What is gene transcription (also termed mRNA or gene-expression)? In your answer, briefly
explain what process the term gene transcription is describing. (5 marks)

Gene transcription is the process of increasing or decreasing the amount of mRNA of a given gene.
Transcription occurs after changes in intracellular signalling lead to activation or deactivation
(typically via phosphorylation/dephosphorylation) of proteins called transcription factors. These are
proteins that move from the cytoplasm into the nucleus and together with other transcriptional co-
factors bind to promoter regions of a gene to initiate the transcription process via recruitment of the
enzyme, RNA polymerase. RNA polymerise synthesises the mRNA based on following the DNA
template. Students can also describe the processing of mRNA in more biochemical detail which will
achieve marks instead of or as well as the above.

c) Explain, in order, the stages involved in the overarching molecular response to exercise.
From the exercise ‘signal’ through to changes in the amount of protein produced by the cell.
Refer to at least 1 main example for each stage. One example of an exercise ‘signal’ would
be an increase in calcium in the muscle. Therefore, in your answer you may want to explain
what causes an increase in this type of exercise ‘signal’, what are the molecular ‘sensors’
that detect a change in this signal, and what are the ensuing extracellular/intracellular
responses leading to alterations in gene transcription and protein levels. Note- You can use
any example of an exercise signal (i.e., you do not have to use calcium) (17 marks).

Main importance for this question is understanding molecules are catagorized in which response. So
that categories of: 1) exercise signal, 2) molecular sensor, 3) intracellular signal, 4) transcription
factors, 5) gene transcription, 6) protein translation and or biological outcome are specified.
Examples of relevant pathways student may use to demonstrate knowledge of these categories
include: 1) signal- energy changes (ATP/NADH) as a result of aerobic exercise, 2) Sensor- AMPK, 3)
downstream intracellular signalling e.g. p53 or others 4) including activity of transcription factors/co-
factors e.g. PCG1-alpha, 5) turning on gene expression of nuclear metabolic genes (ERRa, PPAR,
VEGFA, NRF1/2) that affect 6) mitochondrial genes/proteins (TFAM) evoking mitochondrial
biogenesis, angiogenesis and increased oxidative capacity.

Other examples are muscle contraction after aerobic exercise- calcium/CAMKII/calmodulin
signalling, p38 MAPK, NFAT, slow myosin gene gene/protein expression. Or a resistance exercise
example- Mechanical tension / mTOR / p70s6k increased protein synthesis, anabolism, hypertrophy.
Any other relevant pathway as an example is permitted, however students should characterise them
approximately in categories 1-6 above (note mTOR pathway results in increases in initiation and
elongation of MRNA into proteins in the ribosome (protein synthesis) so not necessarily- categories
4) transcription factors and 5) gene transcription apply to this specific example, which is also
acceptable.
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Question 2

Topic- Molecular Regulation of Adaptation to Resistance Exercise (and Hypertrophy)

Learning objective: Understand, explain and discuss the molecular adaptation to resistance exercise.

a) List the main molecular pathway or cellular processes involved in ‘positively’ effecting
muscle mass. (3 marks)

Tension- Akt-mTOR / p70s6k/ 4EBP-1 (students may include more relevant signalling molecules in
the same pathway which is also permitted). Including growth factor i.e. IGF-1 instead of mechanical
tension as input into Akt/mTOR is also acceptable. Amino acid regulation of mTOR can also gain
marks.

b) List the main pathway/pathways involved in ‘negatively’ effecting muscle mass. (3 marks)

Myostatin/activin pathway and/or culmination in downstream activation of the ubiquitin
proteosome pathways and/or autophagy pathways. Students may include more relevant signalling
molecules within these pathway).

c) Describe the mTORC1 pathway and how it activates protein synthesis via its downstream
signalling. In your answer then go onto discuss how mTORC1 ‘senses’ mechanical load and
how it is thought to convert this mechanical signal (e.g. after resistance exercise in humans
or mechanical overload in animal models) into a molecular signal. You should use examples
from the research literature, using human resistance exercise studies and/or rodent models
(e.g. synergistic ablation) to support your answer. (19 marks)

Students should detail about how tension is thought to be sensed by mTOR by mechanosensors such
as FAK or TSC1/2, DGK-zeta, MKK3b/6 and mTORC1 leading to downstream MKK3b/6, ERK, p38
MAPK and mTORC1 etc. How this activates downstream signalling involved in protein synthesis e.g.
mTORC1/P70s6K or p38 MAPK, ERK/p90RSK and elF proteins are activated and how this initiates
mRNA initiation and elongation into the ribosome increasing protein synthesis. Literature cited could
note the requirement/lack of requirement for upstream IGF-I /IGF-IR/Pi3K/Akt input in activation of
downstream mTORC1/P70s6K or ERK/p90RSK, protein synthesis and hypertrophy, as well as amino
acid regulation of mTORCL1 in the presence of mechanical load. Any relevant examples of changes
/increases in mTORC1 signalling in human muscle e.g. Baar/Esser p70S6K & overload in animals,
Drummond et al., papers using rapamycin in humans to block mTOR with/without exercise are v.
relevant. Higher level marks could be given to role of exercise intensity or optimal resistance
exercise regime to evoke most advantageous signalling responses.

Question 3
Topic —Molecular Regulation of Endurance Exercise Adaptation

Learning Objective: Understand, explain and discuss the molecular adaptation to endurance
exercise.
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a) What are the aerobic exercise ‘signals’ that activate the molecular ‘sensors’: CAMKII, AMPK
and SIRT1? (3 marks)

Calcium is the signal for sensor CAMKII, changes in energy ADP/AMP is the signal for the sensor
AMPK, ROS/free radicals and/or NAD/NADH are the signals for the sensor SIRT1.

b) Briefly outline the timeline of endurance exercise adaptation in terms of cell/molecular
signalling through to physiological and phenotypic changes. For example, describe the main
molecular signal(s) & sensors for endurance exercise. Then what happens to the ‘master’
regulator PGC1-alpha and associated metabolic/mitochondrial genes. Finally, discuss how
PGC1-alpha alters gene expression and how these changes cause adaptation to
mitochondria and ultimately endurance performance. You need to use examples from at
least 2 original research articles to support your answer referring to exercise intensity and
how this may affect the above molecular pathways (22 marks).

First few seconds- calcium flux, ATP turnover, redox and reductions in muscle glycogen. Minutes-
activation of protein kinases such as CAMKII, AMPK, p38 MAPK, SIRT1. Hours, mRNA expression
of transcription factors (PGC-1a, PPAR, NRF) Mitochondrial TF’s (Tfam, p53), Substrate
metabolism (PDK4, Hexokinase), Angiogenesis (VEGF) mRNA and protein expression, increase in
rates of mtDNA. Days - mitochondrial protein synthesis, citrate synthase activity. Weeks- total
protein of multi-subunit respiratory complexes, quality and size of mitochondria. Students
should draw on at least two empirical articles that perhaps characterise the molecular response
to acute aerobic exercise (perhaps highlighting differences in exercise intensity) and aerobic
training studies demonstrating adaptation to mitochondria. They can also mention information
discussed in the lectures/presentations on autophagy/mitophagy and mitochondrial protein
quality control following exercise training.

Question 4
Topic - Epigenetics of Exercise (and muscle memory)

Learning Objective: Understand, explain and discuss the epigenetics of exercise.

a) Describe what is currently known about how DNA methylation may be involved in regulating
the response and adaptation to high-intensity interval exercise and training (HIIT) and/ or
sprint interval exercise/training- SIT). For example, how does HIT / SIT effect DNA
methylation across the entire genome, what molecular gene pathways demonstrate altered
DNA methylation following acute and chronic HIIT/ SIT exercise training (5 Marks).

Students should comment on the studies in acute or chronic HIIT/SIT exercise / training studies and
the data suggesting there is predominantly hypomethylation in genes within metabolic, calcium
signalling, focal adhesion, MAPK pathways etc. Highlighting that changes in methylation are more
pronounced with higher intensities, and including information about the literature in this area would
provide additional marks (e.g., Masaar, et al., Pilotto et al., Jaques et al.,). Students can also discuss
that these are dynamically regulated after acute exercise and the temporal response that precedes
alterations in gene expression, but also that methylation can be stable/retained changes after
chronic training.

b) Describe and critically discuss the concept of skeletal muscle possessing an epigenetic
“memory.” In your answer, explain what is meant by epigenetic muscle memory and
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summarise the main research studies that have investigated this phenomenon. Your
discussion should outline the study designs, key findings, and interpretations, and consider
how these studies collectively support or challenge the role of epigenetics in muscle
memory. Higher marks will be awarded for answers that integrate evidence from multiple
studies, evaluate temporal patterns such as train—detrain—retrain models, and reflect on
broader implications for muscle adaptation across different contexts, including muscle

wasting/atrophy, aging, disease, and the use of advanced technologies in this field. (20
Marks)

Students should briefly describe/define what muscle ‘memory’ in the context of adaptation to
skeletal muscle. Particularly with respect to epigenetic muscle memory. They should summarise the
main studies in this area. The study design, the overarching methods, results and conclusions.
Interpretation of these studies and the level of interpretation will be key in achieving higher marks.
The ability to integrate findings from more than one study will also be considered. Also, importantly
highlighting how these studies support the theory for the role of epigenetics in muscle memory.
Critical discussion of epigenetic memory can include: temporal epigenetic patterns overtime that

relate to epigenetic memory in e.g. train- detrain / train, detrain, retrain models; discussion of the
specific genes/ molecular pathways involved in muscle memory and their role in muscle adaptation
e.g. UBR5; confirmation of muscle memory in aged human muscle and rodents; different types of
exercise other than that first described (HIIT) that may evoke different or enhanced epigenetic
muscle memory; ; memory of muscle wasting/atrophy, and role of latest technology in muscle
memory research (e.g. single cell/nuclei omics); aging and disease and/or the retention of epigenetic
modifications in muscle that can be reversed by exercise training.

Use of Al-tools

According to APA-7 in the chapter on Al-generated text, students should briefly describe if and how
they have used the tool. The examiner should assess the work presented in the exam
submission/master's thesis, and the use of Al tools should not count either positively or negatively.
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Guiding template for content

Overall criteria for assessment: Learning outcome descriptions and/or assessment criteria set for
the individual exam (e.g. practical exam/oral exam, bachelor/master assignments and other
major assignments).

General grade descriptions for higher education (UHR 6 August 2004, rev. 2011), or a description
of the requirements for a pass/fail grade (depending on the grade expression for the individual
exam).

Relevant syllabus for the examination paper. For specific questions, state the syllabus reference
for the individual question.

Expectations for answers. For exams with several specific questions, describe expectations for
what gives full credit for each question, or what is expected for a passing grade. The question
wording will determine how specific the assessor guidance can be. If scoring is used as an aid in
the assessment, a rough description of how the points are distributed is provided.

Use of academic discretion - holistic assessment should be specified, in relation to general grade
expressions and/or assessment criteria for the exam in question.

Other factors of importance for assessment (e.g. if assighments are to be weighted differently, if
some parts of the syllabus are given less weight than other parts, plagiarism control, etc.).


https://www.uhr.no/_f/p1/i4bfb251a-5e7c-4e34-916b-85478c61a800/karaktersystemet_generelle_kvalitative_beskrivelser.pdf

