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Neuromorphology 

 
Module Number 
PM 1 

Workload 
225 h 

Extent 
7.5 CP 

Duration 
(Semester) 

1 

Offered 
Winter Term 

Person in charge of the 
module 

Prof. Dr. Karl Schilling 

Teaching Unit offering 
the module 

Anatomical Institute 

Applicability of the 
module 

Study Program Mode Study Semester 

MSc Neurosciences 
 

compulsory 1. sem 

Learning Outcomes 
 
 

Students will learn the basic structures of nerve cells and how these may be arranged 
into functional units. Students need to learn the developmental relationship of germ 
layers and the nervous system in mammals. By the end of the module they should be 
able to describe, examine, identify, label and list cellular elements and subsystems of 
the CNS. They should familiarize themselves with basic molecular-morphological 
techniques such as immunostaining, transgenic tagging, (quantitative) microscopy and 
morphometry. Students will study how to associate basic descriptive knowledge to 
clarify morphological classifications of the nervous system and how to use this 
knowledge to decode and distinguish the morphological underpinning of specific 
functions; they should learn to generalize morphological data and its interpretation to 
examine the structure and development of nerve cells and nervous systems (i.e. the 
murine cerebellum, the zebrafish spinal cord, and murine nerve cells in primary culture. 
They will learn to present (i.e. poster session) interpret, demonstrate and debate their 
findings. 
 

Contents 
 
 
 
 
 
 
 
 
 
 
 

This module encompasses a combined series of lectures, seminars and lab work which 
will provide an advanced view of selected and central topics of functional 
neuroanatomy, ranging from the cellular to the system level. Examples will be mostly 
drawn from murine and human model systems. The following issues shall be dealt with: 
A. Cell biology of neural cells: structure and function of synapses; axonal transport; 

morphological basis of functional compartmentation of signal transduction and 
processing; structure and function of astroglial cells; myelin forming cells; neuron-
glia interactions; 

B. Systems-oriented neuroanatomy: evolutionary basis of functional anatomy of the 
mammalian nervous system; basic aspects of nervous system development; 
discussion on selected functional systems based on their involvement in 
paradigmatic human neuropsychiatric diseases (e.g. Parkinson’s disease; 
cerebrellar ataxias)  

There is a strong focus on hands-on practical methods including tissue preparation, 
immunostaining, transgenic tagging, microscopy and morphometry. The seminar is 
aimed at providing a forum for the acquisition of advanced conceptual and 
methodological skills based on the discussion of current scientific literature pertinent 
to the basic theme of the module. 

Prerequisites for 
participation 

none 

Course Elements 
 
 
 
 
 
 
 

Teaching 
Mode 

Topic Group-size SWS Workload 
[h] 

Lecture 
 
 
 
Practical 
course 
 

morphology of the 
mammalian nervous 
system 
 
morphological 
approaches to study the 
nervous system 

20 1.3 
 
 
 
2.6 
 
 

60 
 
 
 

105 
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Seminar 

 
current topics of 
neuromorphology 
20 participants 

 
0.7 

 
60 

Examinations 
 
 

Type of examination(s) Graded/non-graded 

Written examination graded 

Study elements required 
as prerequisite for 
admission to the module 
examination 

attendance of seminars and practical course 
oral presentation in seminar with moderation of 
subsequent discussions 
preparation and presentation of a poster documenting 
experimental findings and their interpretation 

graded/non-graded 

Non-graded 

Additional information  
 

Recommended Reading: 
Swanson, L.W. Brain Architecture, Understanding the Basic Plan, Oxford University 
Press 2012 (2nd edition) 
Brodal, P. The Central nervous system. Structure and function. Oxford University 
Press 2010 (4th edition). Notably Chapters 1-6, 9, 12-15, 20-22, 24  
Original literature for the seminars will be selected from the actual literature. 
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Neurophysiology 

 
Module Number 
PM 2 

Workload 
225 h 

Extent 
7.5 CP 

Duration 
(Semester) 

1 

Offered 
Winter Term 

Person in charge of the 
module 

Prof. Dr. Christian Steinhäuser, Prof. Dr. Gerhard von der Emde 

Teaching Unit offering 
the module 

Institute of Cellular Neurosciences 
Institute of Zoology 

Applicability of the 
module 

Study Program Mode Study Semester 

MSc Neurosciences 
 

compulsory 1. sem 

Learning Outcomes 
 
 

Students will learn about CNS function on the levels of ion channels, cells and cellular 
networks. By the end of the module they will have gained the ability of 
neurophysiological data acquisition, analysis, interpretation and presentation. The 
accompanying seminar will improve the understanding of information provided 
through lectures. This knowledge will be a prerequisite to successfully accomplish 
subsequent neurophysiological core course modules. Students should apply basic 
knowledge of neurophysiology in behavioural and electrophysiological experiments 
and conduct basic microscopy. Students should analyse data and summarize them in 
written protocols. 

Contents 
 
 
 
 

Participants receive basic and advanced knowledge of neurophysiology and 
information about relevant methods (e.g. evoked potentials, extra- / intracellular, 
patch clamp recordings). Properties of ion channels as well as cellular and network 
properties of selected model systems (leech, goldfish, hippocampus) will be discussed. 

Prerequisites for 
participation 

None 

Course Elements 
 
 
 
 
 
 
 

Teaching 
Mode 

Topic Group-size SWS Workload 
[h] 

Lecture 
 
Practical 
Course 
 
Seminar 

Neurophysiology 
 
Neurophysiological 
Methods 
 
Functions of neurons and 
synapses 

20 2.0 
 

2.0 
 
 

2.0 

60 
 

60 
 
 

105 

Examinations 
 
 

Type of examination(s) Graded/non-graded 

Oral examination 
A factually correct protocol accepted by the supervisor is 
prerequisite for admission to the examination. 

graded 

Study elements required 
as prerequisite for 
admission to the module 
examination 

attendance of seminars and practical course 
oral presentation in seminar with moderation of 
subsequent discussions 

graded/non-graded 

Non-graded 

Additional information  
 

Recommended Reading: 
Kandel ER, Schwartz JH, Jessell TM (2000)  
Principles of neural science McGraw-Hill 
 
Penzlin H (2005) 
Lehrbuch der Tierphysiologie, Spektrum Verlag 
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Molecular Neurobiology 

 
Module Number 
PM 3 

Workload 
225 h 

Extent 
7.5 CP 

Duration 
(Semester) 

1 

Offered 
Winter Term 

Person in charge of the 
module 

Prof. Dr. Volkmar Gieselmann 

Teaching Unit offering 
the module 

Institute of Biochemistry and Molecular Biology 

Applicability of the 
module 

Study Program Mode Study Semester 

MSc Neurosciences 
 

compulsory 1. sem 

Learning Outcomes 
 
 

The aim of the module is to gain advanced knowledge about the structure of neurons 
and the molecular processes involved in neuronal communication. By the end of the 
module students should understand molecular and cell biology of axonal transport, 
synaptic transmission and its modulation and become familiar with the biochemistry 
of neurotransmitter synthesis, inactivation and degradation. The essential functions of 
non-neuronal cells will be covered. Students will be introduced in the 
pathobiochemistry of selected diseases. They should apply their knowledge while 
conducting basic biochemical experiments and analyse data obtained from the 
conducted experiments. 

Contents 
 
 
 
 
 
 
 
 
 

1. Mechanisms of axonal transport, neuronal cytoskeleton, neurite outgrowth, 
extracellular matrix, neurotrophic factors 

2. Mechanisms of synaptic transmission, vesicles, Snare’s, structure, synthesis 
and inactivation of neurotransmitters, neurotransmitterreceptors, signal 
transduction pathways 

        Pre and post synaptic signal modification 
3. specific features of non-neuronal cells astrocytes, oligodendrocytes, 

microglia, Composition, synthesis and function of myelin, biochemistry and 
function of astrocytes and microglia 

Pathobiochemistry of Alzheimer disease, prion diseases, leukodystrophies, 
polyglutamin diseases and multiple sclerosis 

Prerequisites for 
participation 

None 

Course Elements 
 
 
 
 
 
 
 

Teaching 
Mode 

Topic Group-size SWS Workload 
[h] 

Lecture 
 
Practical 
Course 
 
Seminar 

Molecular Neurobiology 
 
Molecular Neurobiology 
 
 
Molecular Neurobiology 

20 1.3 
 

2.6 
 
 

0.7 

60 
 

105 
 
 

60 

Examinations 
 
 

Type of examination(s) Graded/non-graded 

Oral examination graded 

Study elements required 
as prerequisite for 
admission to the module 
examination 

Attendance of seminars and practical courses,  
oral presentation in seminar 

graded/non-graded 

Non-graded 

Additional information  
 

Recommended Reading: 
1. Kandel, Schwartz, Jessel, Principles of Neural Sciences,  

 Mc Graw Hill 
Purves, Neuroscience, Sinauer Associates 
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Statistics, Scientific writing, Research ethics 

(module consists of three seminars) 

 
Module Number 
PM 4 

Workload 
225 

Extent 
7.5 CP 

Duration 
(Semester) 

1 

Offered 
Winter-/Summer Term 

Person in charge of the 
module 

Priv.-Doz. Dr. Ronald Jabs 
Prof. Dr. U. Benjamin Kaupp 
Prof. Dr. Dieter Sturma 

Teaching Unit offering 
the module 

Institute of Cellular Neurosciences 
Foundation Caesar 
Institute of Science and Ethics (IWE); German Reference Centre for Ethics in the Life 
Sciences (DRZE) 

Applicability of the 
module 

Study Program Modus Study Semester 

MSc Neurosciences 
 

compulsory 2., 3. Sem. 

Learning Outcomes 
 
 

Statistics: Students will gain an understanding of hypothesis testing and correct 
interpretation of different types of test statistics. In the seminar students will acquire 
to reflect and to analyze the learned content in direct communication with the 
instructors. They improve their practical skills in statistical calculations and adequate 
planning of experiments. They will be introduced to the software package “R”. 
Students will work with their own data sets. This will include data transfer, plotting and 
implementation of standard statistical tests.  
 
Scientific writing: Improvement of the competence for scientific writing. This includes 
the writing of protocols, master thesis, Ph.D. thesis, and manuscripts. First, students 
will learn about the structure of a manuscript and the function and importance of each 
section (abstract, introduction, methods, results, discussion, references). They will 
develop the ability for a clear and elegant writing style. Students will familiarize with 
the ethical implications of scientific writing. 
 
Research ethics: Knowledge of main approaches and methods in current bioethics and 
research ethics. Students will learn to understand central ethical questions raised by 
research, in particular neuroscientific research and to analyze ethical issues in the 
context of the life sciences and to apply standard arguments developed by research 
ethics. They will gain the ability to evaluate ethical arguments related to neuroscientific 
research. 

Contents 
 
 
 
 
 
 
 
 
 
 
 

Statistics: Basic test theory; ²-tests for contingency tables; t-Test; non-parametric 
tests; analysis of variance (ANOVA); multiple testing; power calculations; calculation 
rules for probabilities and neurobiological applications; guidelines for choice of 
analysis strategy; software implementations; effect size based hypothesis testing 
Scientific writing:  

   Introduction into general guidelines and rules for scientific writing. 
 Introduction into the elements of style. 
 Analysis and discussion of scientific texts.   
 How to improve and correct a text. 
 Practices in writing. Students will write their own texts and correct and make 

suggestions for improvements of the texts of others. 
Research ethics:  

 Main approaches and methods in current research ethics 
 Ethical standards of good scientific practice 
 Ethical issues related to research with humans 
 Ethical issues related to animals 
 Ethical issues related to research with biological material 

Prerequisites for 
participation 

None 
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Course Elements 
 
 
 
 
 
 
 

Teaching 
Mode 

Topic Group-size SWS Workload 
[h] 

Statistics 
Lecture: 
Practical 
course  
Scientific 
writing 
Lecture  
Practical 
course 
Research 
ethics 
Lecture 
Seminar  

Statistics 
Statistics 
Statistical Analysis 
 
 
 
Scientific writing 
Scientific writing 
 
 
 
Research Ethics 
Research Ethics 

20  
2.0 
1.0 

 
 
 

1.0 
1.0 

 
 
 

2.0 
 

 
80 
40 

 
 
 

15 
20 

 
 
 

60 

Examinations 
 
 
 
 
 

Type of examination(s) Graded/non-graded 

Top pass this module you have to pass three submodule 
examinations!! 
Statistics: Final written examination 
Scientific writing: Writing of an abstract and introduction 
for a scientific paper 
Research ethics: Final written examination 

 
 

Graded 
Graded 
Graded 

 

Study elements required 
as prerequisite for 
admission to the module 
examination 

Attendance of seminars and practical courses 
 

graded/non-graded 

 

Additional information  
 

This module consists of three submodules (seminars)! 
Recommended Reading: 
Statistics :Primer of Biostatistics S.A. Glantz, McGrawHill Medical 
Scientific writing: - Scientific writing booklet, Marc. E. Tischler 
- The Chicago Manual of Style & The Elements of Style, William Strunk Jr. 
- Writing Scientific Research Articles, Margaret Cargill & Patrick O’Connor 
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Elective Modules 
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Neuroethology: Behaviour and Sensory Perception 

 
Module Number 
WPM 3 

Workload 
225 

Extent 
7.5 CP 

Duration 
(Semester) 

1 

Offered 
Winter Term 

Person in charge of the 
module 

Prof. Dr. Gerhard von der Emde 

Teaching Unit offering 
the module 

Institute of Zoology 

Applicability of the 
module 

Study Program Mode Study Semester 

MSc Neurosciences, MSc OEP Biology core course 1. Sem. 

Learning Outcomes 
 
 

Students will learn how to plan, design, conduct, analyse and finally present scientific 
experiments by working independently on their own neuroethological projects with 
different animal species. Students will learn to formulate specific scientific questions 
and to elaborate hypothesis, which can be tested experimentally in a 4 week project. 
Experimental skills and methods, including data analysis and application of statistical 
tests will be acquired. By giving an oral presentation and by writing a protocol of their 
own experiments in the format of a scientific publication, students learn how papers 
and talks are prepared and how the rationale, methods, results, and conclusions of 
experiments are presented. 

Contents 
 
 
 
 
 
 
 
 

In the seminar, students will present a scientific paper, which is related to the 
neuroethological experiment they will be conducting in the practical. In the practical, 
each group of two students designs their own 4-week experiment according to the 
scientific ‘problem’ they have been given by the instructor to solve. Students develop 
their own experimental set-ups and conduct neuroethological experiments with fish, 
mice, insects or other animals. Various experimental designs will be used to elicit 
analyzable animal behaviour, to collect psychophysical data, or to record 
neurobiological data. Results will be analysed and presented in the seminar by 
employing modern scientific methods of data analysis and computer graphics. 

Prerequisites for 
participation 

Preparatory meeting 

Course Elements 
 
 
 
 
 

Teaching 
Mode 

Topic Group-size SWS Workload 
[h] 

Lecture 
Seminar 
Practical 
Course 

Neuroethology  
Neuroethology  
Neuroethology  
 

4 + 4 from 
MSc OEP-

Biology 

0.5 
1.5 
4.0 

 

30 
30 

165 
 

Examinations 
 
 

Type of examination(s) Graded/non-graded 

Oral Examination graded 

Study elements required 
as prerequisite for 
admission to the module 
examination 

Attendance in seminars and full participation in a practical 
experiment, oral presentation in seminar 

graded/non-graded 

Non-graded 

Additional information  
 

Recommended Reading: 
Berkowitz A. (2016) Governing Behavior. How nerve cell dictatorships and 
democracies control everything we do. Havard University Press, Cambridge, pp 227 
Zupanc G.K.H. (2004) Behavioural Neurobiology. An integrative approach. Oxford 
University Press, Oxford, pp 342 
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Cellular and Behavioural Genetics 

 
Module Number 
WPM 4 

Workload 
225 

Extent 
7.5 CP 

Duration 
(Semester) 

1 

Offered 
Winter Term 

Person in charge of the 
module 

Prof. Dr. Andreas Zimmer 

Teaching Unit offering 
the module 

Institute of Molecular Psychiatry 

Applicability of the 
module 

Study Program Mode Study Semester 

MSc Neurosciences core course 1.Sem. 

Learning Outcomes 
 
 

The aim of the module is to learn the neurobiological and molecular genetic basics of 
selected behaviour and modern behavioural genetic methods of investigation. 
Students will gain the knowledge of the possibilities- and limitations of genetic animal 
experiments. Referring to this, complex genetic mechanisms and methods of 
investigation will be developed. By the end of the module students should be able to 
analyse data obtained from their own experiments. 

Contents 
 
 
 
 
 

Molecular biology of neuromodulating systems, genetic control of behaviour, 
behavioural pharmacology; profile of expressions; interaction between genes and 
environment; immediate-early gene for the identification of neuronal activity, receptor 
pharmacology in-vitro and in-vivo. 

Prerequisites for 
participation 

 Basic knowledge in classical and molecular genetics (Mendel’s laws, 
replication of DNA, transcription, translation, gene and protein structure) 

 Knowledge in basic techniques of molecular biology (e.g. DNA isolation, PCR, 
gel electrophoresis, Southern blot) 

Course Elements 
 
 
 
 
 

Teaching 
Mode 

Topic Group-size SWS Workload 
[h] 

Lecture 
 
Practical 
Course 
 
Seminar 

Molecular Neurobiology  
 
molecular neurobiology 
and behavioural genetics 
 
modern methods of 
behavioural  genetics 

4 2.0 
 

3.0 
 
 

1.0 
 

60 
 

135 
 
 

30 
 

Examinations 
 
 

Type of examination(s) Graded/non-graded 

Oral examination graded 

Study elements required 
as prerequisite for 
admission to the module 
examination 

Attendance of Seminars and Practicals 
oral seminar presentation with handout 

graded/non-graded 

Non-graded 

Additional information  
 

Recommended Reading: 
Kandel, Schwarz, et al., Principles of Neural Sciences 
others will be announced at registration 
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Developmental Neurobiology, Stem Cells and Disease 

 
Module Number 
WPM 7 

Workload 
225 

Extent 
7.5 CP 

Duration 
(Semester) 

1 

Offered 
Summer Term 

Person in charge of the 
module 

Prof. Dr. Oliver Brüstle 

Teaching Unit offering 
the module 

Institute of Reconstructive Neurobiology 

Applicability of the 
module 

Study Program Mode Study Semester 

MSc Neurosciences core course 2. Sem. 

Learning Outcomes 
 
 

Students get insight into the development of the central nervous system, events 
leading to neurodegeneration and therapeutic approaches for central nervous system 
diseases. A seminar series on recent high-level publications is used to delineate the 
current state of the field. The practical course covers in vitro models of neural 
development, neural stem cell biology and experimental strategies in neural 
regeneration. By the end of the course students are able to solve developmental 
neurobiological issues by applying their acquired knowledge and techniques (Bloom 
taxonomy: application). 

Contents 
 
 
 
 
 

 From neurulation to early patterning of the nervous system 

 Fate instruction and regional determination 

 Molecular and cellular aspects of cortical development 

 Circuit formation in the developing central nervous system 

 In vitro models of neural development 

 Glia cells and myelin 

 Direct conversion of somatic cell fates 

 Transgenic models 

 Neuropathology of the developing central nervous system 

 Neural cancer stem cells 

 Principles of neural cell replacement 

 Stem cell niches and stem cell recruitment 

Prerequisites for 
participation 

None 

Course Elements 
 
 

Teaching 
Mode 

Topic Group-size SWS Workload 
[h] 

-Lecture 
 
 
-Practical 
Course 
-Seminar 

-Developmental 
neurobiology and 
neuroregeneration  
-Experimental  
Neurobiology 
-Current approaches in 
developmental 
neurobiology and 
neuroregeneration 

10 2.0 
 
 

2.0 
 

2.0 
 

60 
 
 

60 
 

105 
 

Examinations 
 
 

Type of examination(s) Graded/non-graded 

Written examination graded 

Study elements required 
as prerequisite for 
admission to the module 
examination 

attendance of seminars and practicals 
Oral presentation in seminar with an accompanying 
written handout 

graded/non-graded 

Non-graded 

Additional information  
 

Recommended Reading: 
Molecular Biology of the Cell, 4th ed. Alberts; Bruce; Johnson; Alexander, et al.; New 
York: Garland Publishing. 2002. 
Principles of Neural Science 4th ed. Eric R. Kandel et al. 
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Principles of Neural Information Processing 

 
Module Number 
WPM 11 

Workload 
225 

Extent 
7.5 CP 

Duration 
(Semester) 

1 

Offered 
Summer Term 

Person in charge of the 
module 

Dr. Thoralf Opitz 

Teaching Unit offering 
the module 

Department of Epileptology  

Applicability of the 
module 

Study Program Mode Study Semester 

MSc Neurosciences core course 2. Sem. 

Learning Outcomes 
 
 

The course is focused on technological and conceptual advances in our understanding 
of how neurons process information. Topics include the mechanisms governing 
formation and structural and functional dynamics of the individual contact points 
between neurons, synapses. They also encompass a discussion of signal integration of 
tens to hundreds of synapses within the dendritic arbor of neurons, and how this is 
influenced by subdomain-specific ion channel expression. Furthermore, we discuss 
modes of output generation in neurons, and modulation of signal transmission. These 
topics are complemented by lectures dealing with the role of non-neuronal cells in 
signal transduction. Application: The module has a strong focus on advanced 
electrophysiological, molecular and imaging techniques, both in-vitro and in-vivo. 

Contents 
 
 
 
 
 

1. Structure, function, and activity-dependent trafficking of ion channels 
(voltage gated channels; transmitter gated channels) 

2. Properties and functional plasticity of synapses.  
3. Dendritic integration and the role of active and passive dendritic properties.  
4. Subcellular distribution of ion channels  
5. Activity-dependent plasticity (intrinsic and synaptic plasticity; neuron-glia 

interactions, ion channels in neurological diseases) 

Prerequisites for 
participation 

None 

Course Elements 
 
 

Teaching 
Mode 

Topic Group-size SWS Workload 
[h] 

Lecture 
 
Practical 
Course 
 
Seminar 

Information processing in 
neural cells  
functional 
characterization of ion 
channels 
Information processing in 
neural cells 

10 2.0 
 

2.0 
 
 

2.0 

60 
 

60 
 
 

105 

Examinations 
 
 

Type of examination(s) Graded/non-graded 

Oral examination graded 

Study elements required 
as prerequisite for 
admission to the module 
examination 

attendance of seminars and practicals 
oral presentation in seminar with an accompanying written 
handout 

graded/non-graded 

Non-graded 

Additional information  
 

Recommended Reading: 
1. Kandel, Schwartz, Jessel, Principles of Neural Sciences, McGraw Hill 
2. Johnston and Wu, Foundations of Cellular Neurophysiol., MIT, Bredford 
3. Hille, Ionic Channels of Excitable Membranes, Sinauer 
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Neurogenetics 

 
Module Number 
WPM 12 

Workload 
225 

Extent 
7.5 CP 

Duration 
(Semester) 

1 

Offered 
Summer Term 

Person in charge of the 
module 

Prof. Dr. Markus Nöthen 

Teaching Unit offering 
the module 

Institute of Human Genetics 

Applicability of the 
module 

Study Program Mode Study Semester 

MSc Neurosciences core course 2. Sem. 

Learning Outcomes 
 
 

The module ‘Neurogenetics’ provides students insights into the basics of molecular 
genetics and molecular principles underlying human genetic diseases and pathologies 
of the brain. They will acquire basic knowledge of the theoretical and practical aspects 
of classical and novel technologies for disease gene identification and detection of 
epigenetic modifications. In addition, they will learn about genetic therapeutical 
approaches to treat or prevent human diseases and methods to generate animal 
models, which are powerful tools to unravel the etiology of the disorders. By the end 
of the module students are able to describe genetic processes causing pathological 
changes in the brain. They have learned to explain and apply methods and approaches 
used in neurogenetic research and are able to analyse, interpret and present research 
results. Moreover, through the accompanying seminars, they will have learned to 
search, comprehend and critically discuss scientific publications related to the topic of 
the module.     

Contents 
 
 
 
 
 

 Genetics of complex neuropsychiatric diseases 

 Genetics of neurological diseases 

 Epigenetics, mitochondrial genetics, somatic mutations 

 Animal models of epilepsy 

 Statistical genetics 

Prerequisites for 
participation 

None 

Course Elements 
 
 

Teaching 
Mode 

Topic Group-size SWS Workload 
[h] 

Lecture 
 
Practical 
Course 
 
Seminar 

Neurogenetics 
 
Methods in 
Neurogenetics 
 
Neurogenetics 

12 2.0 
 

2.0 
 
 

2.0 

60 
 

60 
 
 

105 

Examinations 
 
 

Type of examination(s) Graded/non-graded 

Written examination graded 

Study elements required 
as prerequisite for 
admission to the module 
examination 

Attendance of seminars and practicals 
Oral presentation in seminar with an accompanying 
written handout 
Written protocols to all practical experiments 

graded/non-graded 

Non-graded 

Additional information  
 

Recommended Reading: 
1. Kandel, Schwartz, Jessel, Principles of Neural Sciences, McGraw Hill 
2. Strachan, Read, Human Molecular Genetics, Garland Science 
3. Thomas, Statistical Methods in Genetic Epidemiology, Oxford University Press 
4. Pitkänen, Schwartzkroin, Moshe, Models of Seizures and Epilepsy,  Academic Press 
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Neuropharmacology 

 
Module Number 
WPM 13 

Workload 
225 

Extent 
7.5 CP 

Duration 
(Semester) 

1 

Offered 
Summer Term 

Person in charge of the 
module 

Prof. Dr. Alexander Pfeifer 

Teaching Unit offering 
the module 

Institute of Pharmacology and Toxicology  
in cooperation with the Federal Institute for Drugs and Medical Devices 

Applicability of the 
module 

Study Program Mode Study Semester 

MSc Neurosciences core course 2. Sem. 

Learning Outcomes 
 
 

Students will gain broad knowledge on research of drug mechanisms, identification of 
drug targets and the development of novel drugs in the field of neurological disorders. 
By the end of the module they will be able to analyse, interpret and present their 
experimental data and to reflect and apply contents of lectures and seminars. Apart 
from molecular pharmacology, this module will also cover essential aspects of 
industrial drug research and development as well as drug regulatory affairs. 
Accordingly, these interdisciplinary topics will be presented by docents from academia, 
from pharmaceutical companies and from the Federal Institute for Drugs and Medical 
Devices (Bundesinstituts für Arzneimittel und Medizinprodukte, BfArM). 

Contents 
 
 
 
 
 

Topic 1: Pharmacologically relevant signalling pathways 
Topic 2: Drugs for the treatment of pain: local anaesthetics, opioids 
Topic 3: Drugs influencing vigilance: hypnotics, general anaesthetics 
Topic 4: Treatment of psychiatric diseases: antipsychotics, antidepressants 
Topic 5: Drugs of abuse: opioids, cannabinoids 
Topic 6: Neurodegenerative disorders 
Methods 1: Drug mechanisms and signalling in neurons  
Methods 2: Modulation of neurotransmitter release in brain slices 
Methods 3: Standard behavioural tests in drug development - pharmaceutical 
industry 
Methods 4: Development of innovative drugs – gene and cell therapies 
Methods 5: Regulatory Affairs 

Prerequisites for 
participation 

None 

Course Elements 
 
 

Teaching 
Mode 

Topic Group-size SWS Workload 
[h] 

Lecture 
 
Practical 
Course 
 
Seminar 

Neuropharmacology 
 
Methods in 
Neuropharmacology 
 
Neuropharmacology 

6 2.5 
 

2.5 
 
 

1.0 

105 
 

80 
 
 

40 

Examinations 
 
 

Type of examination(s) Graded/non-graded 

Oral examination graded 

Study elements required 
as prerequisite for 
admission to the module 
examination 

Attendance of seminars and practicals 
Full participation in the practical course 
Written protocols to all practical experiments 

graded/non-graded 

Non-graded 

Additional information  
 

Recommended reading: 
Rang & Dale's Pharmacology; Elsevier 
Goodman and Gilman´s: The Pharmacological Basis of Therapeutics; McGraw-Hill 

 
  



Stand (24.09.2018)  15 

 

Environment and Behaviour: Cognition and Behaviour 

 
Module Number 
WPM 15 

Workload 
225 

Extent 
7.5 CP 

Duration 
(Semester) 

1 

Offered 
Summer Term 

Person in charge of the 
module 

PD Dr. Joachim Mogdans 

Teaching Unit offering 
the module 

Institute of Zoology 

Applicability of the 
module 

Study Program Mode Study Semester 

MSc Neurosciences core course 2. Sem. 

Learning Outcomes 
 
 

Students will acquire basic knowledge of the different disciplines within the Behavioural 
Sciences. These include, among others, classical Ethology, Sociobiology, Behavioural Physiology, 
and Neuroethology. In the accompanying seminar, students will acquire skills regarding 
literature searches and oral presentations. During the practical, students will learn to handle and 
train animals while conducting a wide variety of experiments. Statistical analyses, reporting of 
scientific data (text and graphs) and placing results into the context of the present literature will 
be an integral part of this course. 

Contents 
 
 
 
 
 

To study the sensory and cognitive abilities of an animal or the effectiveness of certain drugs, 
quantitative behavioural experiments are indispensable. In the module “Cognition and 
Behaviour” students will carry out behavioural experiments with mammals (wild type and 
transgenic mice), fish (teleosts and sharks) and insects. The comparative experiments will 
exemplify to which sensory and cognitive abilities animals (different taxa) are capable. In 
particular, we will investigate in this course whether mammals, fish and insects construct 
cognitive maps in their brain, and how well animals discriminate mechanosensory and/or visual 
stimuli. To answer these questions we will record and analyse spontaneous and conditioned 
sequences of animal behaviour. Great emphasis will be placed on the independent planning and 
accomplishment of experiments by the participating students and the analysis of the obtained 
data.  
The module will aim to develop students’ understanding of the complexity of animal behaviour, 
which has developed during evolution as an adaptation to biotic and abiotic environmental 
conditions. Students will understand that in order to study animal behaviour, researchers have 
to develop scientific hypotheses, which can be proved or disproved experimentally. In an 
accompanying seminar students will learn to review the scientific literature and to present their 
own experimental data. In addition, students will be advised on contents and methods required 
to do a masters thesis in the Behavioural Sciences.   

Prerequisites for 
participation 

None 

Course Elements 
 
 

Teaching 
Mode 

Topic Group-size SWS Workload 
[h] 

Lecture 
 
 
Practical 
Course 

Environment and 
behaviour  
 
 

4 2.0 
 
 

4.0 
 
 

60 
 
 

165 
 

Examinations 
 
 

Type of examination(s) Graded/non-graded 

Oral examination graded 

Study elements required 
as prerequisite for 
admission to the module 
examination 

Attendance of seminars and practicals 
Full participation in the practical course 
Oral presentation in the seminar 

graded/non-graded 

Non-graded 

Additional information  
 

Recommended reading: 
Alcock, J. (2005) Animal Behavior: an evolutionary approach (8th ed.). Sinauer 
Associates Incorporated, Sunderland, Massachusetts, 564 p   
Zupanc, G.K.H. (2003) Behavioral Neurobiology, An integrative approach. Oxford 
University Press, Oxford, 350 p 
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Protein misfolding and aggregation in neurodegenerative 
diseases 

 
Module Number 
WPM 18 

Workload 
225 

Extent 
7.5 CP 

Duration 
(Semester) 

1 

Offered 
Summer Term 

Person in charge of the 
module 

Prof. Dr. Ina Vorberg 

Teaching Unit offering 
the module 

German Center for Neurodegenerative Diseases e.V. (DZNE e.V.) 

Applicability of the 
module 

Study Program Mode Study Semester 

MSc Neurosciences core course 2. Sem. 

Learning Outcomes 
 
 

Students will obtain knowledge about neurodegenerative disorders, such as 
Huntington’s disease, Alzheimer’s disease and prion diseases. These diseases are 
associated with the aberrant folding and accumulation of host encoded proteins that 
lead to neuronal dysfunction and ultimately neuronal loss. The lecture will provide an 
introduction into the origins of neurodegenerative diseases and the molecular and 
cellular mechanisms influencing protein aggregation. In the practical course students 
will apply common research methods and concepts for studying cellular and tissue 
aspects of protein misfolding and aggregation. The seminar section will cover the 
methodological background and primary literature of the field. 

Contents 
 
 
 
 
 

 Cell biological methods: Basic cell culture techniques; transfection; 
immunofluorescence, confocal microscopy; MTT; histology 

 Biochemical methods: BCA; SDS PAGE, Western Blot, SDD-AGE, filter trap; 
immune precipitation 

 Molecular biological methods: DNA/ mRNA isolation, PCR, RFLP, 
semiquantitiative PCR 

Prerequisites for 
participation 

None 

Course Elements 
 
 

Teaching 
Mode 

Topic Group-size SWS Workload 
[h] 

Lecture 
 
 
 
 
Practical 
Course 
 
 
 
Seminar 

Neurodegenerative 
Diseases: From cell 
biology to 
pathophysiology  
 
Techniques and protocols 
to molecular studies of 
neurodegenerative 
diseases  
 
Current topics of 
neurodegenerative 
diseases and 
experimental approaches 
 

6 1.0 
 
 
 
 

4.0 
 
 
 
 

1.0 
 

30 
 
 
 
 

165 
 
 
 
 

30 

Examinations 
 
 

Type of examination(s) Graded/non-graded 

Oral examination graded 

Study elements required 
as prerequisite for 
admission to the module 
examination 

Attendance of seminars. Full participation in practical 
course and seminars. Oral presentations in seminar. 

graded/non-graded 

Non-graded 

Additional information  
 

Recommended Reading: will be announced at registration 

 



Stand (24.09.2018)  17 

 

 

Neuroanatomy 

 
Module Number 
WPM 20 

Workload 
225 

Extent 
7.5 CP 

Duration 
(Semester) 

1 

Offered 
Summer Term 

Person in charge of the 
module 

Prof. Dr. Michael Hofmann 

Teaching Unit offering 
the module 

Institute of Zoology 

Applicability of the 
module 

Study Program Mode Study Semester 

MSc Neurosciences, MSc OEP Biology core course 2. Sem. 

Learning Outcomes 
 
 

Students will learn modern experimental neuroanatomical techniques and investigate 
the histology and connectivity of brains. Vertebrate and invertebrate animal models 
will be used to demonstrate the general morphology of the brains. Further, students 
will apply tracer experiments with both, fluorescent and light stable reactions and learn 
how to analyze neuronal pathways and connections. Histochemical methods will reveal 
the distribution of neurotransmitter related enzymes. 

Contents 
 
 
 
 

We will investigate mainly fish brains, but also some invertebrate model systems to get 
on overview of the major differences in neuronal organization between them. Sensory 
and motor pathways will be compared and pathways will be traced from primary 
sensory centres through higher integrative centres to motor command areas. 

Prerequisites for 
participation 

None 

Course Elements 
 
 

Teaching 
Mode 

Topic Group-size SWS Workload 
[h] 

Lecture 
 
Practical 
Course 
 
Seminar 

Basics in Neuroanatomy 
 
Methods in 
Neuroanatomy 
 
Neuroanatomy 

4 2.0 
 

4.0 
 
 

2.0 
 

60 
 

180 
 
 

60 

Examinations 
 
 

Type of examination(s) Graded/non-graded 

Oral Examination graded 

Study elements required 
as prerequisite for 
admission to the module 
examination 

Participation in all parts of the module, presentation of an 
oral contribution during the seminar 

graded/non-graded 

Non-graded 

Additional information  
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Decision Neuroscience 

 
Module Number 
WPM 21 

Workload 
225 

Extent 
7.5 CP 

Duration 
(Semester) 

1 

Offered 
Summer Term 

Person in charge of the 
module 

Prof. Dr. Bernd Weber 

Teaching Unit offering 
the module 

Department of Epileptology, Center for Economics and Neuroscience (CENs) 

Applicability of the 
module 

Study Program Mode Study Semester 

MSc Neurosciences core course 2. Sem. 

Learning Outcomes 
 
 

Students will learn about decision making theories from a psychological, 
neuroscientific, and neuroeconomic perspective. They will further gain basic 
knowledge about research methods of all three fields, such as fMRI, EEG, TMS, Eye-
tracking, and experimental economics. During the practical course, students will gain 
hands-on experience about planning, conducting, and analyzing an fMRI experiment. 
A seminar series on recent publications is implemented in order to give the students 
an impression of the state-of-the-art research in this interdisciplinary field. By the end 
of the module, students should be able to analyze fMRI data. Statistical analyses, 
reporting of scientific data (text and graphs) and placing results into the context of the 
present literature will be an integral part of this course. 

Contents 
 
 
 
 

• Decision making theories (psychological, neuroscientific, and economic 
perspective) 

• Decision making research methods: fMRI, EEG, TMS, Eye-tracking, 
psychological  and experimental economics 

• MRI basics 
• Experimental design 
• fMRI analysis. 

Prerequisites for 
participation 

None 

Course Elements 
 
 

Teaching 
Mode 

Topic Group-size SWS Workload 
[h] 

Lecture 
 
Practical 
Course 
 
 
Seminar 

 
 
Planning, conducting, and 
analyzing an fMRI 
experiment  
 
 

8 1.0 
 

3.0 
 
 
 

2.0 

35 
 

113 
 
 
 

77 

Examinations 
 
 

Type of examination(s) Graded/non-graded 

Written Examination (Paper) graded 

Study elements required 
as prerequisite for 
admission to the module 
examination 

Attendance of seminars and practicals  

Presentation of relevant research topics/literature 

 

graded/non-graded 

Non-graded 

Additional information  
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Assembly of Neural Circuits 

 
Module Number 
WPM 22 

Workload 
225 

Extent 
7.5 CP 

Duration 
(Semester) 

1 

Offered 
Winter Term 

Person in charge of the 
module 

Chair: Prof. Dr. Frank Bradke 
Co-Chairs: Prof. Dr. Gaia Tavosanis, Prof. Dr. Walter Witke, Prof. Dr. Michael Pankratz 

Teaching Unit offering 
the module 

German Centre for Neurodegenerative Diseases e.V. (DZNE), LIMES, Institute of 
Genetics, PD Dr. Gaia Tavosanis (DZNE), Prof. Dr. Michael Pankratz (LIMES), Prof. Dr. 
Walter Witke (Institute of Genetics) 

Applicability of the 
module 

Study Program Mode Study Semester 

MSc Neurosciences core course 2. Sem. 

Learning Outcomes 
 

The students will learn state-of-the art cell biological, genetic and molecular 
techniques to study circuit formation in vertebrate and invertebrates. 

Contents 
 
 
 
 

 Neuronal cytoskeleton 

 structural and circuit plasticity  

 Immunocytochemistry 

 Time lapse microscopy 

 Monitoring neuronal activity 

 Thermo- and Optogenetics 
 

Prerequisites for 
participation 

None 

Course Elements 
 
 

Teaching 
Mode 

Topic Group-size SWS Workload 
[h] 

Lecture 
 
 
 
 
 
 
 
Practical 
Course 
 
 
 
 
 
 
 
 
 
Seminar 

Cell Biology of neurons 
Neuronal Polarity 
Axon regeneration 
Dendrite differentiation 
Structural plasticity  
Neurophysiology 
Brain Development 
 
Culturing neurons 
Immunocytochemistry 
Videomicroscopy 
Whole Tissue Imaging 
Optogenetics 
Functional imaging 
Monitoring Neural 
Activity 
EM-Reconstruction (?)  
Thermogenetics 
 
Current Topics in cellular 
neurobiology 

4 1.0 
 
 
 
 
 
 
 

2.5 
 
 
 
 
 
 
 
 
 
 

1.5 

35 
 
 
 
 
 
 
 

118 
 
 
 
 
 
 
 
 
 
 

58 

Examinations 
 
 

Type of examination(s) Graded/non-graded 

Oral Exam graded 

Study elements required 
as prerequisite for 
admission to the module 
examination 

Attendance of seminars and practicals  

Presentation of relevant research topics/literature 

 

non-graded 

Non-graded 

Additional information  
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Neuroethology: multiphoton imaging of activity and EM 
synaptic connectivity reconstruction 

 
Module Number 
WPM 23 

Workload 
225 h 

Extent 
7.5 CP 

Duration 
(Semester) 

1 

Offered 
Winter Term 

Person in charge of the 
module 

Jason Kerr, Kevin Briggman 

Teaching Unit offering 
the module 

Dept. of Behavior and Brain Organization, caesar. 
Dept. of Computational Neuroethology, caesar.  

Applicability of the 
module 

Study Program Mode Study Semester 

MSc Neurosciences core course 2. Sem. 

Learning Outcomes 
 
 

Students will learn principles of optical and electron microscopy for imaging the brain 
at cellular resolution to understand the neuronal basis of behavior. The module will 
cover the quantification of behaviour in freely moving animals. Students will learn 
multi-photon (two- and three-photon microscopy) based imaging of neuronal 
populations in the brains of behaving rodents and fish as well as the use of serial 
electron microscopy to reconstruct synaptic connectivity. In addition, the module will 
introduce methods and tools for analysing large-scale imaging data. 

Contents 
 
 
 
 

 quantifying goal-directed behavior in freely moving rodents and fish 

 constructing, aligning and calibrating a 2-photon in vivo microscope 

 whole-brain imaging in larval zebrafish using  2-photon light sheet imaging  

 serial sectioning and imaging of brain volumes using scanning electron 
microscopy 

 machine-learning assisted analysis of imaging data 

Prerequisites for 
participation 

 

Course Elements 
 
 

Teaching 
Mode 

Topic Group-size SWS Workload 
[h] 

Lecture 
 
 
 
 
 
Practical 
Course 
 
 
 
 
Seminar 

Quantification of behavior 
Optics and laser theory 
Biological signals from 
multiphoton imaging 
Electron microscopy theory 
EM reconstruction 
 
Behavioral videomicroscopy 
Build a 2-photon microscope 
Monitor neural activity  
Analysis of imaging data 
Tissue preparation for EM 
Serial electron microscopy 
 
Students present results 
from practical course 

 
 

4 2.0 
 
 
 
 
 

3.5 
 
 
 
 
 

0.5 

60 
 
 
 
 
 

150 
 
 
 
 
 

15 

Examinations 
 
 

Type of examination(s) Graded/non-graded 

Oral presentation  graded 

Study elements required 
as prerequisite for 
admission to the module 
examination 

Attendance of seminars and practicals 

 

Oral presentation and protocol  

graded/non-graded 

Non-graded 

Additional information   
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Synaptic transmission in sensory systems 

 
Module Number 
WPM 24 

Workload 
225 h 

Extent 
7.5 CP 

Duration 
(Semester) 

1 

Offered 
Summer Term 

Person in charge of the 
module 

Chair: Dr. Bettina Schnell 
Co-Chair: Fernando Messore 

Teaching Unit offering 
the module 

Research center caesar 

Applicability of the 
module 

Study Program Mode Study Semester 

MSc Neurosciences core course 2. Sem. 

Learning Outcomes 
 
 

This module focuses on sensory systems and how sensory information is processed in 
downstream circuits. The lectures will recapitulate the structure, function and 
underlying neuronal circuits for different sensory modalities in both vertebrates and 
invertebrates.  In the practical course, students will learn how to study information 
processing in sensory systems using electrophysiological and anatomical techniques as 
well as genetic manipulations. Experiments will include immunohistochemistry and 
electrophysiology in the whisker system of mice and behavioural and physiological 
analyses in the visual system of Drosophila. In the seminar, students will discuss 
methods and present relevant primary literature of the field. 

Contents 
 
 
 
 

 Recording electroretinograms in Drosophila  

 Analysing visual behaviour in Drosophila 

 Immunohistochemistry in the whisker system of the mouse  

 Antibody stainings and confocal microscopy 

 Electrophysiological recordings from cortical neurons in mice (demo) 

 Analysing electrophysiological and behavioural data 
 

Prerequisites for 
participation 

 

Course Elements 
 
 

Teaching 
Mode 

Topic Group-size SWS Workload 
[h] 

Lecture 
 
 
 
Seminar 
 
 
 
Practical 
Course 
 

Synaptic transmission in 
sensory systems 
 
 
Current topics and 
experimental approaches 
in synaptic transmission  
 
Methods to study sensory 
systems and their 
components 

4  1 
 
 
 

1 
 
 
 

4 
 

 

37,5 
 
 
 

37,5 
 
 
 

150 

Examinations 
 
 

Type of examination(s) Graded/non-graded 

Oral presentation and protocol graded 

Study elements required 
as prerequisite for 
admission to the module 
examination 

Attendance of seminar and practical course graded/non-graded 

Non-graded 

Additional information  
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The Synapse: from molecules to information processing 

 
Module Number 
WPM 25 

Workload 
225 h 

Extent 
7.5 CP 

Duration 
(Semester) 

1 

Offered 
Summer Term 

Session 1 

Person in charge of the 
module 

Chair: Prof. Dr. D. Dietrich 
Co-Chairs: Prof. Dr. Susanne Schoch, Dr. C. Müller 

Teaching Units offering 
the module 

Institute of Neuropathology (Prof Schoch), Dept. of Neurosurgery (Prof Dietrich), 
Institute of Physiology (Prof Stein), Institute of Cellular Neurosciences (Prof 
Henneberger), DZNE (Dr Müller) 

Applicability of the 
module 

Study Program Mode Study Semester 

MSc Neurosciences core course 2. Sem. 

Learning Outcomes 
 
 

Students will learn about all aspects of the synapse, the key structure of 
communication and information processing in the brain. The lectures will cover cell 
biological, biophysical, structural and physiological properties of the synapse and 
introduce the methods that are being used to study these. The lectures will also 
address the emerging role of synapses in neurological disorders, termed 
“synaptopathies” and and the role of astrocytes in controlling neuronal activity by 
modulating synaptic function. In the practical course students will apply and get to 
know these methods starting with classical structural, biochemical and molecular 
approaches over physiological measurements and imaging of synaptic function to 
exploring the role of synapses for network activity in vivo experiments. The seminars 
will cover the methodological background and primary literature in the field and help 
students to effectively read scientific literature.   

Contents 
 
 
 
 

 Synaptic Ultrastructure, molecular composition, post-translational modific. 

 Mechanisms of vesicle release, recycling and filling 

 Forms of Synaptic Plasticity, scaling and information storage 

 Diversity of synapses, Synaptic Dysfunction, Glial cells and synapses 

 Biochemical methods: Synaptosome preparation, SDS PAGE, Western 

 Time-lapse, confocal, STORM, FLIM and 3D electron microscopy 

 Optogenetics, genetically encoded sensors of synaptic function 

Prerequisites for 
participation 

None 

Course Elements 
 
 

Teaching 
Mode 

Topic Group-size SWS Workload 
[h] 

Lecture 
 
 
 
 
Seminar 
 
 
 
Practical 
Course 

The Synapse: From 
structure to Function 
Methods in Synaptic 
Neuroscience 
 
Current literature, 
ongoing projects 
Paper presentation 
 
Experimental approaches 
to study synapse function 

4 1.5 
 
 
 

0.5 
 
 
 

4 

60 
 
 
 

25 
 
 
 

140 

Examinations 
 
 

Type of examination(s) Graded/non-graded 

Oral examination graded 

Study elements required 
as prerequisite for 
admission to the module 
examination 

Attendance of seminars. Successful participation in 
practical courses, lectures and paper presentation. 

Non-graded 

Non-graded 

Additional information  
 

Will be announced at registration. 
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Neurodevelopment: Gene delivery and multi-level circuit analysis 
to explore higher order brain functions and their disorders 

 
Module Number 
WPM 27 

Workload 
225 h 

Extent 
7.5 CP 

Duration 
(Semester) 

1 

Offered 
6 

Person in charge of the 
module 

Chair: Prof. Dr. Susanne Schoch 
Co-Chairs: Prof. Dr. Dirk Dietrich  

Teaching Units offering 
the module 

Institute of Neuropathology (Prof Schoch, Prof Becker), Dept. of Neurosurgery (Prof 
Dietrich), Institute of Epileptology and Cognition Research (Drs. Schwarz, Ewell), 
Institute of Reconstructive Neurobiology (Prof Blaess) 

Applicability of the module Study Program Mode Study Semester 

MSc Neurosciences core course 2. Sem 

Learning Outcomes 
 
 

Students will learn about various aspects of the development of neuronal circuits and 
synaptic connections as well as circuit/connectivity changes that occur in neurological 
disorders like autism, schizophrenia, Parkinson’s disease and epilepsy. The lectures 
will cover cell biological, biophysical, structural and physiological properties of 
developing neural circuits and their synaptic connectivity and will address how circuit 
dysfunction contributes to the manifestation of neurological disorders. The lectures 
will also introduce the methods that are being used to study circuits and 
connectomics. In the practical course students will apply several techniques. To begin, 
they will be introduced to classical structural, biochemical, molecular and mouse 
genetic approaches. At the systems level, they will be introduced to physiological 
measurements and imaging of synaptic function. Finally they will explore connectivity 
patterns in large 3D brain samples using viral tracing techniques, brain clearing and 
light sheet fluorescence microscopy. The seminars will cover the methodological 
background and primary literature in the field and will help students to effectively 
read scientific literature.   

Contents 
 
 
 
 

 Neurodevelopment  

 Connectivity in neuronal networks (Connectomics) 

 Contribution of circuit dysfunction to neurological disorders 

 Neuropathology of neurological disorders 

 Generation of animal models to study neurodevelopment 

 Viral tracing, brain clearing, expansion microscopy, light sheet fluorescence 
microscopy 

 Electron microscopy for the analysis of synaptic activity and circuits  

 Live cell imaging of acute and the history of circuit activity (Gcamp, Campari) 
 Single unit recordings 

Prerequisites for 
participation 

None 

Course Elements 
 
 

Teaching 
Mode 

Topic Group-size SWS Workload 
[h] 

Lecture 
 
 
Seminar 
 
Practical 
Course 

Development of neuronal 
circuits and their 
connectivity 
Current literature, 
Paper presentation 
Experimental approaches 
to study circuit 
development 

6 1.5 
 
 
 

0.5 
 
 

4 

60 
 
 
 

25 
 
 

140 

Examinations 
 
 

Type of examination(s) Graded/non-graded 

Oral examination graded 

Study elements required as 
prerequisite for admission to 
the module examination 

Attendance of seminars. Successful participation in practical 
courses and paper presentation. 

Non-graded 

Non-graded 

Additional information  Will be announced at registration. 
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Social Neuroscience 

 
Module Number 
WPM 28 

Workload 
225 h 

Extent 
7.5 CP 

Duration 
(Semester) 

1 

Offered 
Summer Term 

Person in charge of the 
module 

PD Dr. Johannes Schultz 

Teaching Unit offering 
the module 

Institute of Experimental Epileptology and Cognition Research 

Applicability of the 
module 

Study Program Mode Study Semester 

MSc Neurosciences core course 2. Sem. 

Learning Outcomes 
 
 

What are the neural mechanisms underlying social interactions? In this module, 
students will learn about neural mechanisms in primates underlying the detection and 
identification of living agents, the perception and decoding of the social signals these 
agents send, and the decisions about interacting with these agents. Brief insights into 
disorders of social interactions found in psychiatric conditions will then be discussed. 
These topics will be presented in the lectures, developed in the seminars and students 
will be able to get hands-on experience with designing and performing social 
perception and decision experiments in the practical course. 

Contents 
 
 
 
 

 Cognitive neuroscience of social perception and cognition 

 Dysfunctions of social perception and cognition 

 Research methods in social neuroscience (signal detection theory; 
metacognition; experimental psychology; classification methods) 

 Experimental design 

Prerequisites for 
participation 

 

Course Elements 
 
 

Teaching 
Mode 

Topic Group-size SWS Workload 
[h] 

Lecture 
 
 
Seminar 
 
 
Practical 
Course 
 

Social neuroscience 
 
 
Social neuroscience 
 
 
Experimental social 
neuroscience 

12 
 

 
12 

 
 

12 

1                                                  
 

 
2                               

 
 

3 

40 
 
 

80 
 
 

105 

Examinations 
 
 

Type of examination(s) Graded/non-graded 

Written Examination (Paper) graded 

Study elements required 
as prerequisite for 
admission to the module 
examination 

Attendance of seminars and practical course 

Presentation of relevant literature 

graded/non-graded 

Non-graded 

Additional information  
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Elective Practicals (Compulsory practical training) 
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Functional Analyses of Sensory Systems 

 
Module Number 
WPP 2 

Workload 
450 h 

Extent 
15 CP 

Duration 
(Semester) 

1 

Offered 
Winter Term 

Person in charge of the 
module 

PD Dr. Joachim Mogdans 

Teaching Unit offering 
the module 

Institute of Zoology 

Applicability of the 
module 

Study Program Mode Study Semester 

MSc Neurosciences core course 3. Sem. 

Learning Outcomes 
 
 

Students receive elaborated hands-on experience in in vivo and/or in vitro single unit 
recordings, in light microscopy and in electron microscopy. Physiological methods are 
combined with neuroanatomical methods to uncover the processing of sensory stimuli 
in the brain. 

Contents 
 
 
 
 

• Basics of electrophysiological recording techniques 
 
• Concentration on single unit responses 
 
• Structure and function of sensory systems 
 
• Reconstruction of recording sites 
 
• Stimulation techniques and data analysis 

Prerequisites for 
participation 

45 CP, Attendance of the elective module „Neurophysiology of Sensory Systems” or 
“Environment and Behaviour: Cognition and Behaviour” 

Course Elements 
 
 

Teaching 
Mode 

Topic Group-size SWS Workload 
[h] 

Seminar 
 
Practical 
Course 

Sensory Systems 
 
Sensory Physiology 
 

3 1.0 
 

7.0 
 

75 
 

375 
 

Examinations 
 
 

Type of examination(s) Graded/non-graded 

Written report and final oral presentation graded 

Study elements required 
as prerequisite for 
admission to the module 
examination 

attendance of seminars and practical courses 

preparation of test report and final oral presentation 

graded/non-graded 

Non-graded 

Additional information  
 

Recommended Reading: 
Kandel, Schwartz, Jessel, Principles of Neural Sciences, McGraw Hill 
Penzlin, Lehrbuch der Tierphysiologie, Spektrum 
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Neural Stem Cells 

 
Module Number 
WPP 3 

Workload 
450 h 

Extent 
15 CP 

Duration 
(Semester) 

1 

Offered 
Winter Term 

Person in charge of the 
module 

Prof. Dr. Oliver Brüstle 

Teaching Unit offering 
the module 

Institute of Reconstructive Neurobiology 
 

Applicability of the 
module 

Study Program Mode Study Semester 

MSc Neurosciences core course 3. Sem. 

Learning Outcomes 
 
 

By the end of the course students should have knowledge on neural and embryonic 
stem cell biology, hands-on experience in genetic modification and controlled 
differentiation of stem cells and their use for cell replacement strategies in the central 
nervous system. In this course the students learn to plan and design experiments to 
solve developmental neurobiological issues (Bloom taxonomy: synthesis). 

Contents 
 
 
 
 

• Embryonic and neural stem cell culture 
 
• Genetic modification of stem cells 
 
• In vitro differentiation into neurons and glia 
 
• Direct conversion into neurons and glia 
 
• Differentiation analysis (RT-PCR, immunofluorescence) 
 
• Neural transplantation 

Prerequisites for 
participation 

45 CP 

Course Elements 
 
 

Teaching 
Mode 

Topic Group-size SWS Workload 
[h] 

Seminar 
 
Practical 
Course 

Stem Cell Biology 
 
Methods in neural stem 
cell biology  

3 1.0 
 

7.0 
 

75 
 

375 
 

Examinations 
 
 

Type of examination(s) Graded/non-graded 

Oral Examination graded 

Study elements required 
as prerequisite for 
admission to the module 
examination 

Attendance of seminars 

Full participation in practical course 

Written protocol 

graded/non-graded 

Non-graded 

Additional information  
 

Recommended Reading: 
Molecular Biology of the Cell, 4th ed. Alberts; Bruce; Johnson; Alexander; Lewis; 
Julian; Raff, Martin; Roberts, Keith; Walter, Peter;  
New York: Garland Publishing. 2002. 
Principles of Neural Science 5th ed. Eric R. Kandel et al. 
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Molecular Neurobiology 

 
Module Number 
WPP 4 

Workload 
450 h 

Extent 
15 CP 

Duration 
(Semester) 

1 

Offered 
Winter Term 

Person in charge of the 
module 

Prof. Dr. Volkmar Gieselmann 

Teaching Unit offering 
the module 

Institute of Biochemistry and Molecular Biology 
 

Applicability of the 
module 

Study Program Mode Study Semester 

MSc Neurosciences core course 3. Sem. 

Learning Outcomes 
 
 

By the end of the course students will have learned relevant techniques for the analysis 
of biochemistry and cellular biology of neuronal and non-neuronal cells.  
 

Contents 
 
 
 
 

• Basics of cell culture of neurons and oligodendrocytes 
 
• Subcellular fractionation of brain or cultured cells to isolate particular 

membrane compartments  
 
• Lipid analysis of membranes of neuronal or non-neuronal cells. 
 
• Techniques of protein analysis (metabolic labelling, immunoprecipitaton,  
 
• Western blot analysis, basics of mass spectrometry) 

Prerequisites for 
participation 

45 CP 

Course Elements 
 
 

Teaching 
Mode 

Topic Group-size SWS Workload 
[h] 

Seminar 
 
Practical 
Course 

Neurochemistry 
 
Techniques for the 
analysis of neuronal and 
non-neuronal cells 

3 1.0 
 

7.0 
 

75 
 

375 
 

Examinations 
 
 

Type of examination(s) Graded/non-graded 

Oral Examination graded 

Study elements required 
as prerequisite for 
admission to the module 
examination 

attendance of seminars 

full participation in practical course 

final oral presentations in seminar. 

graded/non-graded 

Non-graded 

Additional information  
 

Recommended Reading: 
1. Kandel, Schwartz, Jessel, Principles of Neural Sciences, McGraw Hill 
2. Purves, Neuroscience, Sinauer Associates 
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Clinical Neuropsychology 

 
Module Number 
WPP 6 

Workload 
450 h 

Extent 
15 CP 

Duration 
(Semester) 

1 

Offered 
Winter Term 

Person in charge of the 
module 

Prof. Dr. Christoph Helmstaedter 

Teaching Unit offering 
the module 

Department of Epileptology  

Applicability of the 
module 

Study Program Mode Study Semester 

MSc Neurosciences core course 3. Sem. 

Learning Outcomes 
 
 

Students will gain a critical understanding of the following objectives 
• classical Test Theory and of psychometric key concepts: scales and scale levels, 

objectivity, validity, reliability, standardization, measurement error/critical difference, 
usability 

• subjective versus objective assessment 
• methods used for neuropsychological assessment: classic paper pencil testing, 

computerized testing, stimulation (TMS, ECoG), Doppler sonography, intracarotidal 
amobarbital test etc. 

• knowledge of standard diagnostic tools for the assessment of major neurocognitive 
functions (e.g. attention, memory, language, executive functions, motor and sensory 
systems) 

• assessment of hemispheric organization: Wada, functional transcranial Doppler 
sonography, functional MRI, electrocortical stimulation 

• knowledge on main findings on specific neurocognitive deficits in patients with 
epilepsy: multifactorial etiology 

• confounding factors: motivation, effort, comorbidities, 
• applying standard tests of intelligence and memory (if possible, in patients) 
• applying screening tests for neurocognitive functions: NeuroCog FX, EpiTrack (if 

possible, in patients) 
• screening for dementia 
• study and experimental designs, cross-sectional vs. longitudinal, control groups and 

conditions 
• research methods in clinical neuropsychology: analysis of patient data, group studies, 

explorative and confirmatory application of inferential statistical tests 

Contents 
 
 
 
 

 test theory (scales, measurement error, validity, reliability etc.) 

 tests of intelligence (constructs of IQ) 

 assessment of different cognitive domains: perception, attention, motor and  
executive functional memory, language, visuoconstruction etc. 

 tests of cerebral dominance (WADA, fMRI, dichotic listening, tachistoscopy) 

 screening tests and bedside testing for major cognitive impairments 

 experimental approaches to impairment 

 external validation & multidisciplinary synergies (pathology, imaging, physiology, genetics 
etc.) 

Prerequisites for 
participation 

45 CP 

Course Elements 
 
 

Teaching 
Mode 

Topic Group-size SWS Workload 
[h] 

Seminar 
 
Practical 
Course 

test theory and test 
practice  
 
neuropsychological 
evaluation 

2 1.0 
 

7.0 
 

75 
 

375 
 

Examinations 
 
 

Type of examination(s) Graded/non-graded 

report on specific topic graded 

Study elements required 
as prerequisite for 

attendance of seminars 
full participation in practical course 

graded/non-graded 

Non-graded 
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admission to the module 
examination 

final oral presentation 

Additional information  
 

Recommended Reading: 
1. Helmstaedter C, Witt JA. Neuropsychology in Epilepsy Part I: Cognitive Impairments 
in Focal Epilepsies. Fortschr Neurol Psyc 2009; 77: 639-45. 
2. Helmstaedter C, Witt JA. Clinical Neuropsychology in Epilepsy - Theoretical and 
Practical Issues. In: Theodore W, Stefan H. Handbook of Clinical Neurology: Epilepsy: 
Elsevier, 2012: 437-59. 
3. Lezak MD, Howieson DB, Bigler ED, Tranel D. Neuropsychological Assessement. 
Oxford: Oxford University Press, 2012. 
4. Strauss E, Shermann EMS, Spreen O. A Compendium of Neuropsychological Tests: 
Administration, Norms, and Commentary 
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Neurophysics 

 
Module Number 
WPP 7 

Workload 
450 h 

Extent 
15 CP 

Duration 
(Semester) 

1 

Offered 
Winter Term 

Person in charge of the 
module 

Prof. Dr. Klaus Lehnertz 

Teaching Unit offering 
the module 

Department of Epileptology 

Applicability of the 
module 

Study Program Mode Study Semester 

MSc Neurosciences core course 3. Sem. 

Learning Outcomes 
 
 

Students receive hands-on experience in the analysis of biomedical data with 
linear/nonlinear univariate, bivariate, and multivariate time series analysis techniques. 

Contents 
 
 
 
 

 linear and nonlinear time series analysis methods for the characterization of 
complex dynamical systems 

 statistical tools 

 analysis of biomedical data (e.g. EEG, structural/functional MRI data)  
 

Prerequisites for 
participation 

45 CP, B.Sc. Physics/Mathematics/Computer Science; Basics of programming 
language 

Course Elements 
 
 

Teaching 
Mode 

Topic Group-size SWS Workload 
[h] 

Seminar 
 
 
 
Practical 
Course 

Basics of linear and 
nonlinear time series 
analysis 
 
Analysis of biomedical 
data 

2 1.0 
 
 
 

7.0 
 

75 
 
 
 

375 
 

Examinations 
 
 

Type of examination(s) Graded/non-graded 

Written test report graded 

Study elements required 
as prerequisite for 
admission to the module 
examination 

attendance of seminars 
full participation in practical course 

final oral presentation 

graded/non-graded 

Non-graded 

Additional information  
 

Recommended Reading: 
1. Kandel, Schwartz, Jessel, Principles of Neural Sciences, McGraw Hill 
Niedermeyer, Lopes da Silva; Electroencephalography, Urban & Schwarzenberg 
2. Kantz, Schreiber: Nonlinear time series analysis. Cambridge UP 
Pikovsky, Rosenblum, Kurths: Synchronization: a universal concept in nonlinear 
sciences. Cambridge UP. 
3. Priestley: Nonlinear and nonstationary time series analysis, Acad. Press 
Other working materials will be provided. 
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Training in Cellular Neurobiology of Disease 

 
Module Number 
WPP 8 

Workload 
450 h 

Extent 
15 CP 

Duration 
(Semester) 

1 

Offered 
Winter Term 

Person in charge of the 
module 

Prof. Dr. Harald Neumann 

Teaching Unit offering 
the module 

Institute of Reconstructive Neurobiology 

Applicability of the 
module 

Study Program Mode Study Semester 

MSc Neurosciences core course 3. Sem. 

Learning Outcomes 
 
 

Students receive elaborated hands-on experience in cell culture techniques. Students 
will perform functional cellular and molecular methods and combine them with 
immunocytochemistry, flow cytometry and confocal microscopy. They should 
determine the outcome of cell culture experiments and analyse the functional cellular 
assays, the immunohistochemical stainings and the flow cytometry and confocal 
microscopy data. Students should combine all obtained data and summarize the 
overall outcome of the cellular experiments. Afterwards they directly compare the 
results from the functional cellular assays with the immunohistochemical stainings and 
the flow cytometry and confocal microscopy analyses. By the end of the course 
students should be able to evaluate the cell culture experiments, functional cellular 
and molecular methods. Students should assess the immunocytochemistry, flow 
cytometry and confocal microscopy and interpret the outcome of all data in 
comparison with the literature. 

Contents 
 
 
 
 

 Basics of neuronal cell culture 

 Glial cell culture 

 Culture of neural cells derived from embryonic stem cells 

 Histological analyses of cells 

 Functional cell assays 

 Flow cytometry analyses of cells 

 Confocal image analyses of cells 

Prerequisites for 
participation 

45 CP 

Course Elements 
 
 

Teaching 
Mode 

Topic Group-size SWS Workload 
[h] 

Seminar 
 
 
 
Practical 
Course 

lab notes, progress 
reports, literature 
discussion, presentation 
 
Cell culture and cell 
analysis techniques; 

3 1.0 
 
 
 

7.0 
 

75 
 
 
 

375 
 

Examinations 
 
 

Type of examination(s) Graded/non-graded 

Written test report graded 

Study elements required 
as prerequisite for 
admission to the module 
examination 

attendance of seminars 
full participation in practical course  

final oral presentation  

graded/non-graded 

Non-graded 

Additional information  
 

Recommended Reading: 
1. Molecular Biology of the Cell, from Alberts, Bruce; Johnson, Alexander; Lewis, 
Julian; 2015. 
2. Principles of Neural Science, 5th ed., Eric R. Kandel, J. H. Schwartz, T. M. Jessell et 
al; 2012. 
3. Janeway's Immunobiology; from Kenneth Murphy, 2011.Other working materials 
will be provided. 



Stand (24.09.2018)  33 

Neuromorphology 

Cell Culture Techniques in Developmental Neurobiology 
 

Module Number 
WPP 9 

Workload 
450 h 

Extent 
15 CP 

Duration 
(Semester) 

1 

Offered 
Winter Term 

Person in charge of the 
module 

Prof. Dr. Karl Schilling 

Teaching Unit offering 
the module 

Anatomical Institute 

Applicability of the 
module 

Study Program Mode Study Semester 

MSc Neurosciences core course 3. Sem. 

Learning Outcomes 
 
 

Students obtain knowledge about basic principles and practice of cell culturing, using 
established neural cell lines, setting up primary neural cell cultures. How to organize 
an experimental environment needed for cell culturing; preparation of solutions and 
reagents needed. Working sterile. Selected pharmacological and molecular approaches 
to manipulate cells in culture. Basic techniques to characterize cells in culture like 
immunostaining, PCR, western blotting, in vivo microscopy and morphometry. 
Students will learn advantages and limitations of distinct cell culture approaches and 
the techniques used to analyse them. By the end of the course they have learned to 
distinguish and classify such approaches, how to utilize them to solve specific 
questions, and how to translate a basic experimental scheme such as to extend it to 
novel problems. 

Contents 
 
 
 
 

 Basics of cell culturing 

 Identification and characterization of neural phenotypes. 

 Pharmacological means for manipulating cultured neural cells. 

 Principles & practice of immunocytochemistry and in situ hybridization 

Prerequisites for 
participation 

45 CP 

Course Elements 
 
 

Teaching 
Mode 

Topic Group-size SWS Workload 
[h] 

Seminar 
 
Practical 
Course 

cell culture techniques  
 
culturing and 
characterizing neural cells 

4 1.0 
 

7.0 
 

75 
 

375 
 

Examinations 
 
 

Type of examination(s) Graded/non-graded 

Written test report graded 

Study elements required 
as prerequisite for 
admission to the module 
examination 

attendance of seminars 
full participation in practical course 

final oral presentation 

graded/non-graded 

Non-graded 

Additional information  
 

Recommended Reading: 
We will assemble an actual handout including hands-on, "cook-book" style 
descriptions of core methods and selected classical and actual papers  demonstrating 
the sensible use of the methods covered in this module. 
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Functional Analyses of Biological Membranes and Neuron-Glia 
Interactions 

 
Module Number 
WPP 10 

Workload 
450 h 

Extent 
15 CP 

Duration 
(Semester) 

1 

Offered 
Sommer and Winter Term 

Person in charge of the 
module 

Prof. Christian Steinhäuser 

Teaching Unit offering 
the module 

Institute of Cellular Neurosciences 

Applicability of the 
module 

Study Program Mode Study Semester 

MSc Neurosciences core course 3. Sem. 

Learning Outcomes 
 
 

Students receive elaborated hands-on experience in neurophysiology by applying 
sophisticated electrophysiological and/or imaging techniques. Students will apply 
functional methods which are combined with immunocytochemistry, molecular and 
biochemical analyses to undertake structure-function analysis on a single-cell level. 

Contents 
 
 
 
 

 Basics of the patch clamp method combined with local drug application 
techniques to investigate functions of channels and receptors 

 Training in two-photon excitation fluorescence microscopy  

 Structure - function analyses of ion channels (voltage gated channels; 
transmitter gated channels) 

 Subcellular distribution of ion channels 

 Neuron–glia interactions 

Prerequisites for 
participation 

45 CP 

Course Elements 
 
 

Teaching 
Mode 

Topic Group-size SWS Workload 
[h] 

Seminar 
 
 
Practical 
course 

Ion channels in neural 
cells  
 
Patch clamp and/ or 
imaging analysis 

3 1.0 
 

7.0 
 

68 
 

332 
 

Examinations 
 
 

Type of examination(s) Graded/non-graded 

final oral presentation graded 

Study elements required 
as prerequisite for 
admission to the module 
examination 

attendance of seminars 
full participation in practical course 

Written test report 

graded/non-graded 

Non-graded 

Additional information  
 

Recommended Reading: 
1. Kandel, Schwartz, Jessel, Principles of Neural Sciences, McGraw Hill 
2. Johnston and Wu, Foundations of Cellular Neurophysiol., MIT, Bredford 
3. Hille, Ionic Channels of Excitable Membranes, Sinauer 
4. Patch-Clamp Analysis. Advanced Techniques, Humana Press 
5. Imaging Neurons, A Labotory Manual, Cold Spring Harbour Laboratory Press 
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Molecular Mechanisms of Neurodegenerative Diseases 

 
Module Number 
WPP 11 

Workload 
450 h 

Extent 
15 CP 

Duration 
(Semester) 

1 

Offered 
Winter Term 

Person in charge of the 
module 

Prof. Dr. Jochen Walter 

Teaching Unit offering 
the module 

Department of Neurology 
 

Applicability of the 
module 

Study Program Mode Study Semester 

MSc Neurosciences core course 3. Sem. 

Learning Outcomes 
 
 

Students receive an introduction into current biochemical and cell biological methods 
in the investigation of neurodegenerative diseases (Alzheimer’s disease and Poly-Q 
diseases).  

Contents 
 
 
 
 

 Cloning of relevant proteins into mammalian and bacterial expression vectors 

 Expression of relevant proteins in mammalian  and bacterial cell culture systems 

 Protein extraction from mammalian and bacterial cells – subcellular 
fractionation 

 Protein analysis - western immunoblotting, immunoprecipitation 

 Analysis with immunocytochemical techniques – microscopy 

Prerequisites for 
participation 

45 CP 

Course Elements 
 
 

Teaching 
Mode 

Topic Group-size SWS Workload 
[h] 

Seminar 
 
 
 
Practical 
Course 

Advances in research of 
neurodegenerative 
diseases 
 
biochemical and cell 
biological  methods in 
neurodegenerative 
diseases 

3 1.0 
 

7.0 
 

75 
 

375 
 

Examinations 
 
 

Type of examination(s) Graded/non-graded 

Written test report graded 

Study elements required 
as prerequisite for 
admission to the module 
examination 

attendance of seminars 
full participation in practical course 

final oral presentation 

graded/non-graded 

Non-graded 

Additional information  
 

Recommended Reading: 
1. Selkoe DJ. Alzheimer's disease: genes, proteins, and therapy. Physiol Rev 2001;81: 

741-66. 
2. Walter, J., C. Kaether, H. Steiner, and C. Haass: Molecular Biology of Alzheimer’s 

disease: Uncovering the secrets of secretases. Curr. Opin. Neurobiol. 11, 585-590 
(2001). 

3. Alzheimer’s Disease: Methods and Protocols (ed. N.M. Hooper) Methods in 
Molecular Medicine Series. Humana Press, Totowa, NJ, USA (2000). 

4. Evert BO, Wüllner U, Klockgether T (2000): Cell death in polyglutamine diseases. 
Cell Tissue Research 301, 189-204 

5. Evert BO, Araujo J, Vieira-Saecker A, de Vos R AI, Brunt ER, Harendza S, 
Klockgether T, Wüllner U. Ataxin-3 represses transcription through chromatin 
binding, interaction with histone deacetylase 3 and histone deacetylation. J 
Neurosci, 2006;26:11474-86. 
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Functional MRI for the Investigation of Cognitive Functions 

 
Module Number 
WPP 12 

Workload 
450 h 

Extent 
15 CP 

Duration 
(Semester) 

1 

Offered 
Winter Term 

Person in charge of the 
module 

PD Dr. Bernd Weber 

Teaching Unit offering 
the module 

Department of Neurology 
 

Applicability of the 
module 

Study Program Mode Study Semester 

MSc Neurosciences core course 3. Sem. 

Learning Outcomes 
 
 

Students receive hands-on experience in the investigation of cognitive functions by 
applying functional MRI techniques. The method of MRI and especially functional MRI 
will be combined with the design of psychological experiments suited for these 
techniques.  

Contents 
 
 
 
 

 Basics of MRI and functional MRI 

 Design of psychological experiments 

 Analysis of functional MRI data 

 Functional Neuroanatomy 

Prerequisites for 
participation 

45 CP 

Course Elements 
 
 

Teaching 
Mode 

Topic Group-size SWS Workload 
[h] 

Seminar 
 
 
Practical 
Course 

Basics of MRI and fMRI 
experiments  
 
fMRI analysis 

2 1.0 
 

7.0 
 

75 
 

375 
 

Examinations 
 
 

Type of examination(s) Graded/non-graded 

Written test report graded 

Study elements required 
as prerequisite for 
admission to the module 
examination 

attendance of seminars 
full participation in practical course 

final oral presentation 

graded/non-graded 

Non-graded 

Additional information  
 

Recommended Reading: 
1. Scott A. Huettel. Functional Magnetic Resonance Imaging. McMillanKarl  
2. Friston. Statistical Parametric Mapping: The Analysis of Functional Brain Images. 
Academic Press 
3. Richard Frackowiak et al. Human Brain Function. Elsevier 
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Neuromodulators in Animal Behaviour 

 
Module Number 
WPP 13 

Workload 
450 h 

Extent 
15 CP 

Duration 
(Semester) 

1 

Offered 
Winter Term 

Person in charge of the 
module 

Prof. Dr. Andreas Zimmer 

Teaching Unit offering 
the module 

Institute of Molecular Psychiatry 
 

Applicability of the 
module 

Study Program Mode Study Semester 

MSc Neurosciences core course 3. Sem. 

Learning Outcomes 
 
 

This module is dealing with the question of how neuromodulators influence brain 
function at the molecular, cellular, and systems levels. Complex animal behaviours will 
be comprehensively analyzed from the behavioural to the cellular and molecular level, 
thus introducing students into concepts, approaches and modern methods in 
behavioural genetics. The module will address the potential and limitations of 
genetically manipulated mice in the study of gene functions. By the end of the course 
students will have learned to appreciate the potential and limitations of genetic mouse 
models for human psychiatric diseases.  
 

Contents 
 
 
 
 

 Basic methods in the genetic manipulation of mice. 

 Analysis of mouse behaviours - experimental design, video analysis, telemetry, 
statistical methods. 

 Neuropharmacology, from basic concepts (agonists, antagonists, inverse 
agonists, allosteric modulators etc.) to the practical evaluation of drug 
responses. 

 Analysis of neuronal activity using immediate early genes. 

 Transcriptional changes in the behaving animal – expression profiling using 
microarrays and real-time PCR. 

Prerequisites for 
participation 

 45 CP 

 Basic knowledge in classical and molecular genetics (Mendel’s laws, replication 
of DNA, transcription, translation, gene and protein structure) 

 Knowledge in basic techniques of molecular biology (e.g. DNA isolation, PCR, gel 
electrophoresis, Southern blot) 

Course Elements 
 
 

Teaching 
Mode 

Topic Group-size SWS Workload 
[h] 

Seminar 
 
 
Practical 
Course 

Neuromodulation  
 
 
Molecular and 
behavioural analysis 

6 1.0 
 

7.0 
 

75 
 

375 
 

Examinations 
 
 

Type of examination(s) Graded/non-graded 

Written test report graded 

Study elements required 
as prerequisite for 
admission to the module 
examination 

attendance of seminars 
full participation in practical course 

final oral presentation 

graded/non-graded 

Non-graded 

Additional information  
 

Recommended Reading: 
1. Kandel, Schwartz, Jessel; Principles of Neural Sciences; McGraw Hill 
2. Nagy, Gertsenstein, Vintersten, Behringer; Manipulating the Mouse Embryo, Cold 
Spring Harbor Laboratory Press  
3. Zigmond, Bloom, Landis, Roberts, Squire; Fundamental Neuroscience; Academic 
Press 
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Animal Sensory Physiology 

 
Module Number 
WPP 14 

Workload 
450 h 

Extent 
15 CP 

Duration 
(Semester) 

1 

Offered 
Winter Term 

Person in charge of the 
module 

Prof. Dr. Gerhard von der Emde 

Teaching Unit offering 
the module 

Institute of Zoology 
 

Applicability of the 
module 

Study Program Mode Study Semester 

MSc Neurosciences core course 3. Sem. 

Learning Outcomes 
 
 

Students learn to analyze animal sensory systems by doing quantitative psychophysical 
experiments combined with electrophysiological recording experiments. By the end of 
the course students will have gained the ability to use behavioural training methods, 
thresholds determination, in vivo and in vitro single cell recordings, and light 
microscopy. Physiological methods are combined with neuroanatomical methods to 
uncover the processing of sensory stimuli by the brain of vertebrates.  
 

Contents 
 
 
 
 

 Basic psychophysics 

 Basics of electrophysiological recording techniques 

 Structure and function of sensory systems 

 Reconstruction of recording sites 

 Stimulation techniques and data analysis 

Prerequisites for 
participation 

45 CP, Attendance of WPM 3: “Neuroethology 

Course Elements 
 
 

Teaching 
Mode 

Topic Group-size SWS Workload 
[h] 

Seminar 
 
 
Practical 
Course 

Animal Sensory 
Physiology  
 
Animal Sensory 
physiology 

3 1.0 
 

7.0 
 

75 
 

375 
 

Examinations 
 
 

Type of examination(s) Graded/non-graded 

Written test report graded 

Study elements required 
as prerequisite for 
admission to the module 
examination 

attendance of seminars 
full participation in practical course 

final oral presentation 

graded/non-graded 

Non-graded 

Additional information  
 

Recommended Reading: 
1. Kandel, Schwartz, Jessel: Principles of Neural Sciences, McGraw Hill 
2. Penzlin: Lehrbuch der Tierphysiologie, Spektrum 
3. Zupanc: Behavioral Neurobiology 
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Signal transduction studied with dyes, light-driven proteins, 
and genetically encoded biosensors 

 
Module Number 
WPP 15 

Workload 
450 h 

Extent 
15 CP 

Duration 
(Semester) 

1 

Offered 
Winter Term 

Person in charge of the 
module 

Prof. U. Benjamin Kaupp, Drs. Alvarez, Seifert, Halle 

Teaching Unit offering 
the module 

Foundation caesar  

Applicability of the 
module 

Study Program Mode Study Semester 

MSc Neurosciences core course 3. Sem. 

Learning Outcomes 
 
 

The aim of the course is to give an overview into signal transduction of sensory systems 
and how modern optical and genetic techniques have helped to decipher these 
pathways. The course will cover the use of fluorescent indicators for calcium, pH, and 
voltage to study excitable cells. Genetically encoded biosensors are getting increasingly 
important to study second messenger signaling in neurobiology. Furthermore, light-
driven proteins like Channelrhodopsin provide means both for unraveling neuronal 
processing and for gene therapy in patients with photoreceptor degeneration or other 
disorders. 

Contents 
 
 
 
 

 Signal transduction in sensory cells (photoreception, olfaction, taste, 
hearing, pain recognition) 

 Green fluorescent proteins (GFP) and its variants 

 Fluorescent indicators for calcium, pH, and voltage 

 Caged compounds 

 Genetically encoded biosensors for calcium: Calmodulin-based calcium 
sensors, Troponin-based calcium sensors 

 Genetically encoded biosensors for cyclic nucleotides: EPAC-based cAMP-
sensors, PDE-based cGMP sensors, CNG channel-based sensors for cAMP or 
cGMP, 

 Genetically encoded biosensors for IP3 

 Light-driven proteins: Channelrhodopsin, light-driven proton pumps, light-
driven chloride channels, light-activated adenylyl cyclase 

Prerequisites for 
participation 

45 CP 

Course Elements 
 
 

Teaching 
Mode 

Topic Group-size SWS Workload 
[h] 

Seminar 
 
Practical 
Course 

Signal transduction  
 
Optical methods in 
neuroscience research 

4 1.0 
 

7.0 
 

75 
 

375 
 

Examinations 
 
 

Type of examination(s) Graded/non-graded 

Oral Examination graded 

Study elements required 
as prerequisite for 
admission to the module 
examination 

attendance of seminars 
full participation in practical course  
written report 

graded/non-graded 

Non-graded 

Additional information  
 

Recommended reading:  
Kandel, Schwartz, Jessel, Principles of neural science, McGraw Hill 
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Molecular Mechanisms of Synaptic Function 

 
Module Number 
WPP 16 

Workload 
450 h 

Extent 
15 CP 

Duration 
(Semester) 

1 

Offered 
Winter Term 

Person in charge of the 
module 

Prof. Dr. Susanne Schoch McGovern 

Teaching Unit offering 
the module 

Institute of Neuropathology 
 

Applicability of the 
module 

Study Program Mode Study Semester 

MSc Neurosciences core course 3. Sem. 

Learning Outcomes 
 
 

Students receive an introduction into current biochemical and cell biological methods 
in the investigation of synapse function. 
 

Contents 
 
 
 
 

 Cloning of relevant proteins into mammalian and bacterial expression vectors 

 Expression of relevant proteins in mammalian and bacterial cell culture systems 
(Transfection, viral transduction) 

 Protein extraction from mammalian and bacterial cells  

 Protein analysis - western immunoblotting, analysis of protein-protein 
interactions 

 Analysis with immunocytochemical techniques – microscopy 

 Live cell imaging 

Prerequisites for 
participation 

45 CP 

Course Elements 
 
 

Teaching 
Mode 

Topic Group-size SWS Workload 
[h] 

Seminar 
 
 
Practical 
Course 

Advances in research of 
synapse function  
 
biochemical and cell 
biological methods in 
synapse function 

3 1.0 
 
 

7.0 
 

75 
 
 

375 
 

Examinations 
 
 

Type of examination(s) Graded/non-graded 

Written test report graded 

Study elements required 
as prerequisite for 
admission to the module 
examination 

attendance of seminars 
full participation in practical course  
final oral presentation 

graded/non-graded 

Non-graded 

Additional information  
 

Recommended Reading: 
1. The architecture of an excitatory synapse. Chua JJ, Kindler S, Boyken J, Jahn R. J 

Cell Sci. 2010 Mar 15;123(Pt 6):819-23.  
2. The synaptic vesicle cycle.Sudhof TC. Annu Rev Neurosci. 2004;27:509-47. 
3. Assembling the presynaptic active zone. Owald D, Sigrist SJ. Curr Opin 

Neurobiol. 2009 Jun;19(3):311-8. Epub 2009 Apr 22. Review. 
4. RIM proteins and their role in synapse function. Mittelstaedt T, Alvaréz-Baron E, 

Schoch S. Biol Chem. 2010 Jun;391(6):599-606. Redundant functions of 
RIM1alpha and RIM2alpha in Ca(2+)-triggered neurotransmitter release. 

5. Molecular organization of the presynaptic active zone. Schoch S, Gundelfinger 
ED. Cell Tissue Res. 2006 Nov;326(2):379-91. Epub 2006 Jul 25.  

6. Schoch S, Mittelstaedt T, Kaeser PS, Padgett D, Feldmann N, Chevaleyre V, 
Castillo PE, Hammer RE, Han W, Schmitz F, Lin W, Südhof TC. EMBO J. 2006 Dec 
13;25(24):5852-63. Epub 2006 Nov 23. 

 
  

http://www.ncbi.nlm.nih.gov/pubmed/20200227
http://www.ncbi.nlm.nih.gov/pubmed/15217342
http://www.ncbi.nlm.nih.gov/pubmed/19395253
http://www.ncbi.nlm.nih.gov/pubmed/20370319
http://www.ncbi.nlm.nih.gov/pubmed/17124501
http://www.ncbi.nlm.nih.gov/pubmed/17124501
http://www.ncbi.nlm.nih.gov/pubmed/16865347
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Impact of mitochondrial DNA mutations on neurodegenerative 
diseases 

 
Module Number 
WPP 18 

Workload 
450 h 

Extent 
15 CP 

Duration 
(Semester) 

1 

Offered 
Winter Term 

Person in charge of the 
module 

Prof. Dr. Wolfram S. Kunz 

Teaching Unit offering 
the module 

Department of Epileptology  

Applicability of the 
module 

Study Program Mode Study Semester 

MSc Neurosciences core course 3. Sem. 

Learning Outcomes 
 
 

Students receive an introduction to mitochondrial genetics and learn basic techniques 
to investigate the relevance of mitochondrial mutations in neurodegenerative 
diseases. 

Contents 
 
 
 
 

 DNA isolation from human tissues 

 Detection of mtDNA mutations in human samples by various PCR-based 
techniques 

 Detection and quantification of multiple mtDNA deletion by single-molecule PCR 

 mtDNA sequencing and deletion mapping 

Prerequisites for 
participation 

45 CP 

Course Elements 
 
 

Teaching 
Mode 

Topic Group-size SWS Workload 
[h] 

Seminar 
 
 
 
 
Practical 
Course 

Mitochondrial DNA 
mutations in 
neurodegenerative 
diseases 
 
mtDNA deletional spectra 
in human disease 

1 1.0 
 
 
 
 

7.0 
 

75 
 
 
 
 

375 
 

Examinations 
 
 

Type of examination(s) Graded/non-graded 

Written test report graded 

Study elements required 
as prerequisite for 
admission to the module 
examination 

attendance of seminars 
full participation in practical course 
final oral presentation 

graded/non-graded 

Non-graded 

Additional information  
 

Recommended reading: 
1. What causes mitochondrial DNA deletions in human cells? Krishnan KJ, Reeve AK, 

Samuels DC, Chinnery PF, Blackwood JK, Taylor RW, Wanrooij S, Spelbrink JN, 
Lightowlers RN, Turnbull DM. Nat Genet. 2008; 40(3):275-9. 

2. Mitochondrial DNA damage and the aging process: facts and imaginations. 
Wiesner RJ, Zsurka G, Kunz WS. Free Radic Res. 2006; 40(12):1284-94. 

3. Repeats, longevity and the sources of mtDNA deletions: evidence from 'deletional 
spectra'. Guo X, Popadin KY, Markuzon N, Orlov YL, Kraytsberg Y, Krishnan KJ, 
Zsurka G, Turnbull DM, Kunz WS, Khrapko K. Trends Genet. 2010; 26(8):340-3.  

4. Clonally expanded mitochondrial DNA mutations in epileptic individuals with 
mutated DNA polymerase gamma. Zsurka G, Baron M, Stewart JD, Kornblum C, 
Bös M, Sassen R, Taylor RW, Elger CE, Chinnery PF, Kunz WS. J Neuropathol Exp 
Neurol. 2008; 67(9):857-66. 
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Epigenetics 

 
Module Number 
WPP 21 

Workload 
450 h 

Extent 
15 CP 

Duration 
(Semester) 

1 

Offered 
Winter Term 

Person in charge of the 
module 

PD Dr. Andreas Waha 

Teaching Unit offering 
the module 

Institute of Neuropathology 

Applicability of the 
module 

Study Program Mode Study Semester 

MSc Neurosciences core course 3. Sem. 

Learning Outcomes 
 
 

Students receive hands-on experience in technologies for the detection of epigenetic 
modifications and the functional analyses of epigenetically regulated genes in glioma 
cells. 

Contents 
 
 

• chemical modification of genomic DNA  
• assay design for targeted DNA methylation analysis  
• pyrosequencing for detection of DNA methylation 
• histological analyses of epigenetic modifications on histones and DNA 
• functional cell assays 
• glioma cell culture 

Prerequisites for 
participation 

45 CP, Attendance of lecture „Basics of Epigenetics“ and Pr. Course „Detection of 
DNA Methylation“ 

Course Elements 
 
 

Teaching 
Mode 

Topic Group-size SWS Workload 
[h] 

Seminar 
 
 
 
Practical 
Course 

lab notes, progress 
reports, literature 
discussion, presentation 
 
molecular and cell 
biological 
methods in glioma 
genetics and epigenetics 

1 1.0 
 
 
 

7.0 
 

75 
 
 
 

375 
 

Examinations 
 
 

Type of examination(s) Graded/non-graded 

Written test report graded 

Study elements required 
as prerequisite for 
admission to the module 
examination 

attendance of seminars 
full participation in practical course 
 

graded/non-graded 

Non-graded 

Additional information  
 

Recommended Reading: 
Epigenetics: Jörg Tost, Caister Academic Press Norfolk, UK 2008 
Dunn GP et al.: Emerging insights into the molecular and cellular basis of glioblastoma. 
Genes Dev. 2012 Apr 15;26(8):756-84 
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Extracellular Human Electrophysiology 

 
Module Number 
WPP 22 

Workload 
450 h 

Extent 
15 CP 

Duration 
(Semester) 

1 

Offered 
Winter Term 

Person in charge of the 
module 

Prof. Dr. Dr. Florian Mormann 

Teaching Unit offering 
the module 

Department of Epileptology 

Applicability of the 
module 

Study Program Mode Study Semester 

MSc Neurosciences core course 3. Sem. 

Learning Outcomes 
 
 

Students will learn how to analyze single-neuron activity and local field potentials 
recorded from the brain of awake human subjects undergoing invasive epilepsy 
monitoring. 

Contents 
 
 

 Electrophysiological recording techniques 

 Design of cognitive paradigms 

 Spike detection and spike sorting 

 Peri-stimulus time histograms 

 Data analysis and statistical evaluation 
 

Prerequisites for 
participation 

45 CP, Basic programming skills (Matlab) are recommended. 

Course Elements 
 
 

Teaching 
Mode 

Topic Group-size SWS Workload 
[h] 

Seminar 
 
 
Practical 
Course 

Advances in human 
neurophysiology  
 
Electrophysiology, signal 
analysis, spike sorting 

 

2 1.0 
 
 

7.0 
 

75 
 
 

375 
 

Examinations 
 
 

Type of examination(s) Graded/non-graded 

Written test report  graded 

Study elements required 
as prerequisite for 
admission to the module 
examination 

Attendance of seminars 
Full participation in practical course 

graded/non-graded 

Non-graded 

Additional information  
 

Recommended reading: 
1. Kandel, Schwartz, Jessel: Principles of Neural Sciences, McGraw Hill 
2. Gazzaniga, Ivry, Mangun: Cognitive Neuroscience, 3rd Ed.,W.W. Norton & 

Company, New York 
3. Quiroga RQ, Kreiman G, Koch C, Fried I. Sparse but not 'grandmother-cell' coding 

in the medial temporal lobe. Trends Cogn Sci. 2008; 12: 87-91. 
4. Quiroga RQ. Spike sorting. Scholarpedia 2: 3583. 

(http://www.scholarpedia.org/article/Spike_sorting) 
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Cellular Neurobiology of Epilepsy 

 
Module Number 
WPP 23 

Workload 
450 h 

Extent 
15 CP 

Duration 
(Semester) 

1 

Offered 
Winter Term, Sommer Term 

Person in charge of the 
module 

Dr. Peter Bedner, Prof. Dr. Christian Steinhäuser 

Teaching Unit offering 
the module 

Institute of Cellular Neurosciences 

Applicability of the 
module 

Study Program Mode Study Semester 

MSc Neurosciences core course 3. Sem. 

Learning Outcomes 
 
 

Students will receive hands-on experience with approaches and methods in epilepsy 
research. They will study changes in expression of key glial and neuronal proteins in 
human and experimental epilepsy. In addition, they will analyse epileptic seizure 
activity by EEG/behavioural monitoring in transgenic mice or mice treated with 
potential novel antiepileptic substances. 

Contents 
 
 

 Mouse model of temporal lobe epilepsy  

 Patch clamp analysis and single cell RT-PCR 

 Analysis of gap junction-mediated astrocyte coupling by tracer diffusion assays 

 Analysis of seizure activity by EEG and video monitoring  

 Immunoblot analysis and Real-Time PCR 

 immunohistochemical staining and confocal microscopy 

Prerequisites for 
participation 

45 CP 

Course Elements 
 
 

Teaching 
Mode 

Topic Group-size SWS Workload 
[h] 

Seminar 
 
 
Practical 
Course 

Advances in epilepsy 
research  
 
Astrocyte dysfunction in 
epilepsy  

2 1.0 
 
 

7.0 
 

75 
 
 

375 
 

Examinations 
 
 

Type of examination(s) Graded/non-graded 

Final oral presentation graded 

Study elements required 
as prerequisite for 
admission to the module 
examination 

Attendance of seminars and practical course 
Written report (protocol) 

graded/non-graded 

Non-graded 

Additional information  
 

Recommended reading: 
1. Bedner P & Steinhäuser C (2015) Crucial role for astrocytes in epilepsy. Morgan & 
Claypool Life Sciences. 
2. Bedner P. et al. (2015) Astrocyte uncoupling as a cause of human temporal lobe 
epilepsy. Brain. 138:1208-1222.  
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Neuroethics 

 
Module Number 
WPP 25 

Workload 
450 h 

Extent 
15 CP 

Duration 
(Semester) 

1 

Offered 
Summer and Winter Term 

Person in charge of the 
module 

Prof. Dr. Dieter Sturma 

Teaching Unit offering 
the module 

Institute of Science and Ethics (IWE) 
 

Applicability of the 
module 

Study Program Mode Study Semester 

MSc Neurosciences core course 3. Sem. 

Learning Outcomes 
 
 

Interns will gain knowledge of the main approaches and methods in current 
neuroethics and research ethics. They will learn to understand central ethical questions 
raised by research, in particular neuroscientific research. They will become able to 
analyze ethical issues in the context of the life sciences and to apply standard 
arguments developed by research ethics. Furthermore they will gain the ability to 
evaluate ethical arguments related to neuroscientific research and engage in basic 
scientific research concerning current topics of the modern life sciences. 

Contents 
 
 
 
 

 Main approaches and methods in neuroethics and research ethics; 

 Ethical standards of good scientific practice; 

 Ethical issues related to  

 research with humans, 

 research with animals, 

 research with biological material, 

 brain research, 

 neuroenhancement. 

Prerequisites for 
participation 

45 CP 

Course Elements 
 
 

Teaching 
Mode 

Topic Group-size SWS Workload 
[h] 

Seminars 
 
 
Practical work 
 

Neuro Ethics / Research 
Ethics 
 
Scientific research into 
neuroethics and research 
ethics 

1 
 
 

1 

1.0 
 
 

7.0 

75 
 
 

375 

Examinations 
 
 

Type of examination(s) Graded/non-graded 

Final oral presentation or written report Graded 

Study elements required 
as prerequisite for 
admission to the module 
examination 

Attendance of seminars  

Full participation in practical work 

Final oral presentation or written report 

Graded/non-graded 

Non-Graded 

Additional information  
 

Recommended reading: 
 

 Illes, J./Sahakian, B./Federico, C.A. (Eds.): The Oxford Handbook of Neuroethics. 
Oxford 2011. 

 Bickle, J. (Ed.): The Oxford Handbook of Philosophy and Neuroscience. Oxford 
2009. 

 Sturma, D./Heinrichs, B. (Eds.): Handbuch Bioethik. Stuttgart 2015. 
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Optogenetics 

 
Module Number 
WPP 26 

Workload 
450 h 

Extent 
15 CP 

Duration 
(Semester) 

1 

Offered 
Winter Term 

Person in charge of the 
module 

Prof. Dr. Heinz Beck 

Teaching Unit offering 
the module 

Department of Epileptology, Laboratory of Experimental Epileptology 

Applicability of the 
module 

Study Program Mode Study Semester 

MSc Neurosciences core course 3. Sem. 

Learning Outcomes 
 
 

Students will gain knowledge in optogenetics combined with electrophysiological and 
behavioural techniques, what is turning out to be one of the most influential novel 
techniques to dissect the functional architecture of the brain, and to identify neuronal 
motifs underlying specific behaviours. Students will be introduced to optogenetic 
techniques and their application in combination with electrophysiological techniques. 

Contents 
 
 

 Principles of optogenetic Actuators 

 Cell-type specific expression techniques for optogenetic actuators 

 Technologies to achieve light-based optogenetic Stimulation in-vitro and in-
vivo 

 Combination of optogenetic techniques with patch-clamp techniques 

Prerequisites for 
participation 

45 CP 

Course Elements 
 
 

Teaching 
Mode 

Topic Group-size SWS Workload 
[h] 

Seminar 
 
 
Practical 
Course 

Seminar on Optogenetic 
Techniques 

 
Introduction to viral 
gene transfer 
Introduction to patch-
clamp techniques 

1 1.0 
 
 

7.0 
 

75 
 
 

375 
 

Examinations 
 
 

Type of examination(s) Graded/non-graded 

Oral Examination graded 

Study elements required 
as prerequisite for 
admission to the module 
examination 

attendance of seminars  
full participation in practical course  
final oral presentation  
 

graded/non-graded 

Non-graded 

Additional information  
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Mechanisms of astrocyte-neuron interaction 

 
Module Number 
WPP 30 

Workload 
450 h 

Extent 
15 CP 

Duration 
(Semester) 

1 

Offered 
Winter Term 

Person in charge of the 
module 

Prof. Dr. Christian Henneberger 

Teaching Unit offering 
the module 

Institute of Cellular Neurosciences 

Applicability of the 
module 

Study Program Mode Study Semester 

MSc Neurosciences core course 3. Sem. 

Learning Outcomes 
 
 

Students will receive an introduction to the concepts of astrocyte-neuron 
communication and hands-on experience in the investigation of involved mechanisms. 
Sophisticated methods including electrophysiology and multiphoton fluorescence 
imaging and their combination will be used in acute hippocampal slices.  

Contents 
 
 
 
 

 mechanisms of neuron-astrocyte communication in the hippocampus and their 
relevance for synaptic transmission, its plasticity, neuronal excitability and 
pathophysiology 

 basics of the patch clamp technique and other electrophysiological methods to 
monitor neuronal and astrocyte function 

 basics of multiphoton fluorescence imaging and its applications for studying 
astrocyte/neuron signalling (e.g. Ca2+ imaging) and structural plasticity 

 application and combinations of these methods to study astrocyte-neuron 
interactions 

 introduction into analysis of electrophysiological and imaging data 

Prerequisites for 
participation 

45 CP 

Course Elements 
 
 

Teaching 
Mode 

Topic Group-size SWS Workload 
[h] 

 
Seminar 
 
 
 
Practical 
course 

 
Astrocyte-neuron 
interactions: concepts 
and methods 
 
Astrocyte-neuron 
interactions 

 
2 

 
1 
 
 
 

7 

 
75 

 
 
 

375 

Examinations 
 
 

Type of examination(s) Graded/non-graded 

 graded 

Study elements required 
as prerequisite for 
admission to the module 
examination 

attendance of seminars 

full participation in practical course 

final oral presentation 

graded/non-graded 

Non-graded 

Additional information  
 

Recommended reading: 
 

1. Kandel, Schwartz, Jessel; Principles of Neural Sciences; McGraw Hill 
 
2. Rusakov, Bard, Stewart, Henneberger (2014) Diversity of astroglial functions 

alludes to subcellular specialisation. Trends in Neurosciences doi: 
10.1016/j.tins.2014.02.008 

 
3. Henneberger, Rusakov (2012). Monitoring local synaptic activity with astrocytic 

patch pipettes. Nat. Protoc. 7: 2171–2179, 2012 
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Structural MRI in Clinical Research 

 
Module Number 
WPP 31 

Workload 
450 h 

Extent 
15 CP 

Duration 
(Semester) 

1 

Offered 
Winter Term 

Person in charge of the 
module 

Theodor Rüber, MD 

Teaching Unit offering 
the module 

Department of Epileptology 

Applicability of the 
module 

Study Program Mode Study Semester 

MSc Neurosciences core course 3. Sem. 

Learning Outcomes 
 
 

At the end of the practical course, the student is supposed to independently handle 
the acquisition, preprocessing and analysis of structural MRI data and relate the results 
to questions of clinical neuroscience. 

Contents 
 
 
 
 

Acquisition and advanced analysis of MRI-data in clinical research including scanning 
routines, tractography, tract-based spatial statistics, voxel-based morphometry and 
support machine vector programming.  

Prerequisites for 
participation 

45 CP 
Interest in programming  

Course Elements 
 
 

Teaching 
Mode 

Topic Group-size SWS Workload 
[h] 

Seminar 
 
 
 
Practical 
Course 
 

Basics of DTI acquisition, 
preprocessing, analysis 
and applications 
 
DTI analysis 

1 1 
 
 
 

7 

75 
 
 
 

375 

Examinations 
 
 

Type of examination(s) Graded/non-graded 

Final oral exam graded 

Study elements required 
as prerequisite for 
admission to the module 
examination 

Attendance of seminars, full participation in practical 
course, final oral presentation 

graded/non-graded 

Non-graded 

Additional information  
 

Course will involve patient contact 
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Comparative Neuroanatomy 

 
Module Number 
WPP 32 

Workload 
450 h 

Extent 
15 CP 

Duration 
(Semester) 

1 

Offered 
Winter Term 

Person in charge of the 
module 

Prof. Michael Hofmann 

Teaching Unit offering 
the module 

Institute of Zoology 

Applicability of the 
module 

Study Program Mode Study Semester 

MSc Neurosciences core course 3. Sem. 

Learning Outcomes 
 
 

Knowledge about histological techniques to analyse the structure of the fish brain. 

Contents 
 
 
 
 

Structural analysis of the hypothalamic visual relay system across actinoptrygian 
fishes. 

Prerequisites for 
participation 

45 CP 

Course Elements 
 
 

Teaching 
Mode 

Topic Group-size SWS Workload 
[h] 

Seminar 
 
 
 
Practical 
Course 
 

Neuroanatomy of the 
hypothalamus in fishes 
 
 
Neuroanatomical 
techniques 

1 1 
 
 
 

7 

75 
 
 
 

375 

Examinations 
 
 

Type of examination(s) Graded/non-graded 

Protocol graded 

Study elements required 
as prerequisite for 
admission to the module 
examination 

 graded/non-graded 

Non-graded 

Additional information  
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In Silico Brain Sciences  

 
Module Number 
WPP 33 

Workload 
450 h 

Extent 
15 CP 

Duration 
(Semester) 

1 

Offered 
Winter Term 

Person in charge of the 
module 

Dr. Marcel Oberlaender  

Teaching Unit offering 
the module 

Center for Advanced European Studies and Research (Caesar) 

Applicability of the 
module 

Study Program Mode Study Semester 

MSc Neurosciences core course 3. Sem. 

Learning Outcomes 
 
 

Neuroanatomy 

Contents 
 
 
 
 

 Reconstruction of Neuron Morphologies 

Prerequisites for 
participation 

45 CP 

Course Elements 
 
 

Teaching 
Mode 

Topic Group-size SWS Workload 
[h] 

Seminar 
 
 
 
Practical 
Course 
 

  1 
 
 
 

7 

75 
 
 
 

375 

Examinations 
 
 

Type of examination(s) Graded/non-graded 

 graded 

Study elements required 
as prerequisite for 
admission to the module 
examination 

none graded/non-graded 

Non-graded 

Additional information  
 

https://www.caesar.de/en/our-research/in-silico-brain-sciences/research-focus.html 
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Imaging Synapses at Nanoscale Resolution 

 
Module Number 
WPP 34 

Workload 
450 h 

Extent 
15 CP 

Duration 
(Semester) 

1 

Offered 
Winter Term 

Person in charge of the 
module 

Prof. Dr. Dirk Dietrich 

Teaching Unit offering 
the module 

Department of Neurosurgery 

Applicability of the 
module 

Study Program Mode Study Semester 

MSc Neurosciences core course 3. Sem. 

Learning Outcomes 
 
 

Introduction to novel imaging techniques and modalities revealing the nanostructural 
architecture of synapses. 

Contents 
 
 
 
 

 Basic fluorescence microscopy,  

 fluorescence lifetime imaging (FLIM), 2P excitation,  

 Fluorescence resonance energy transfer (FRET) 

 Stochastic optical reconstruction microscopy (d-STORM) 

 3D-Electron microscopy, focused-ion beam (FIB) milling and scanning EM, 
specimen preparation and embedding. 

Prerequisites for 
participation 

45 CP  

Course Elements 
 
 

Teaching 
Mode 

Topic Group-size SWS Workload 
[h] 

Seminar 
 
 
 
Practical 
Course 
 

Concepts of Super-
Resolution Microscopy, 
FLIM and Dual Beam 
Electron Microscopy 
Hands-on in 1 of 3: 
dSTORM, FLIM, FIB-SEM 

3 1 
 
 
 

7 

75 
 
 
 

375 

Examinations 
 
 

Type of examination(s) Graded/non-graded 

Written test report  graded 

Study elements required 
as prerequisite for 
admission to the module 
examination 

attendance of seminars 

full participation in practical course 

final oral presentation  

graded/non-graded 

Non-graded 

Additional information  
 

Recommended Reading:  

1. Wilhelm, B. G. et al. Composition of isolated synaptic boutons reveals the 
amounts of vesicle trafficking proteins. Science 344, 1023–1028 (2014). PDF 

available on request  

2. Lakowicz, J. R. Principles of fluorescence spectroscopy. (2009), PDF available 
on request. 

3. Maglione, M. & Sigrist, S. J. Seeing the forest tree by tree: super-resolution 
light microscopy meets the neurosciences. Nature Neuroscience 16, 790–797 
(2013). PDF available on request. 

4. Miranda, K., Girard Dias, W., Attias, M., de Souza, W. & Ramos, I. Three 
dimensional reconstruction by electron microscopy in the life sciences: An 
introduction for cell and tissue biologists. Molecular Reproduction and 
Development 82, 530–547 (2015). PDF available on request. 

5. Maco, B. et al. Correlative In Vivo 2 Photon and Focused Ion Beam Scanning 
Electron Microscopy of Cortical Neurons. PLoS ONE 8, e57405–7 (2013). 
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Molecular Biology of Neurodegeneration 

 
Module Number 
WPP 35  

Workload 
450 h 

Extent 
15 CP 

Duration 
(Semester) 

1 

Offered 
Winter Term 

Session 1 

Person in charge of the 
module 

Prof. Dr. Michael Heneka 

Teaching Units offering 
the module 

Department of Neurodegenerative Diseases and Geriatric Psychiatry 

Applicability of the 
module 

Study Program Mode Study Semester 

MSc Neurosciences core course 3. Sem. 

Learning Outcomes 
 
 

Molecular Biology of Neurodegeneration 

Contents 
 
 
 
 

 Amyloid and Tau related Pathogenesis. 

 Neuroinflammation 

 2-Photon Microscopy 

 Optogenetics 

 Microglia Activation 

Prerequisites for 
participation 

45 CP 

Course Elements 
 
 

Teaching 
Mode 

Topic Group-size SWS Workload 
[h] 

Seminar 
 
 
 
Practical 
Course 

 1 1.0 
 
 
 

7 

75 
 
 
 

375 

Examinations 
 
 

Type of examination(s) Graded/non-graded 

Presentation and Protocol graded 

Study elements required 
as prerequisite for 
admission to the module 
examination 

Attendance of seminars. Successful participation in 
practical courses, lectures and paper presentation. 

 

 

Additional information  
 

Will be announced at registration. 
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Aging and neurodegeneration: studying the interplay between 
epigenetics, mitochondrial and metabolic dysfunction in aging 
and neurodegenerative disorders 

 
Module Number 
WPP 37 

Workload 
450 h 

Extent 
15 CP 

Duration 
(Semester) 

1 

Offered 
Winter Term 

Person in charge of the 
module 

Dr. Daniele Bano 

Teaching Unit offering 
the module 

DZNE 

Applicability of the 
module 

Study Program Mode Study Semester 

MSc Neurosciences core course 3. Sem. 

Learning Outcomes 
 
 

Using different model systems, students will learn about how mitochondrial 
dysfunction and epigenetic mechanisms are involved in the alteration of signalling 
pathways contributing to longevity, neurodegeneration and neuronal function. 

Contents 
 
 
 
 

Students will have the opportunity to 
 

 work with various model systems (e.g. different cell lines, C. elegans and tissue 
from transgenic mice 

 perform different biochemical analysis assays (e.g. Western blot, RT-PCR) as 
well as 

 immunohistechemical stainings and confocal imaging 
 
In addition to hands-on practical methods, students will attend scientific lectures and 
seminars. 

Prerequisites for 
participation 

45 CP  

Course Elements 
 
 

Teaching 
Mode 

Topic Group-size SWS Workload 
[h] 

Seminar 
 
 
 
Practical 
Course 
 

 1 1 
 
 
 

7 

75 
 
 
 

375 

Examinations 
 
 

Type of examination(s) Graded/non-graded 

Project report (approx. 15 pages) graded 

Study elements required 
as prerequisite for 
admission to the module 
examination 

none graded/non-graded 

Non-graded 

Additional information  
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fMRI test-retest reliability 

 
Module Number 
WPP 38 

Workload 
450 h 

Extent 
15 CP 

Duration 
(Semester) 

1 

Offered 
Winter Term 

Person in charge of the 
module 

Dr. Hwee-ling Lee 

Teaching Unit offering 
the module 

Clinical Research, DZNE 

Applicability of the 
module 

Study Program Mode Study Semester 

MSc Neurosciences core course 3. Sem. 

Learning Outcomes 
 
 

At the end of the course, the student will be able to preprocess and analyse fMRI data, 
perform fMRI grid cell analyses, and examine test-retest reliability of grid cell fMRI 
representation. 

Contents 
 
 
 
 

 Preprocessing of fMRI data 

 Performing grid cell analyses using GridCAT toolbox 

 Calculating test-retest reliability 

Prerequisites for 
participation 

45 CP, Experience with Matlab. 

Course Elements 
 
 

Teaching 
Mode 

Topic Group-size SWS Workload 
[h] 

Seminar 
 
 
 
Practical 
Course 
 

fMRI preprocessing, data 
analyses and statistical 
inferences, test-retest 
reliability measures 
fMRI preprocessing, grid 
cell analyses, test-retest 
reliability measures 

1 1 
 
 
 

7 

75 
 
 
 

375 

Examinations 
 
 

Type of examination(s) Graded/non-graded 

Written test report graded 

Study elements required 
as prerequisite for 
admission to the module 
examination 

Attendance 

Full participation in seminar and practical course  

graded/non-graded 

Non-graded 

Additional information  
 

Recommended readings: 
1. SPM 12 manual (https://www.fil.ion.ucl.ac.uk/spm/doc/manual.pdf) 
2. Stangl M, Shine J, and Wolbers T (2017). The GridCAT: a toolbox for 

automated analysis of human grid cell codes in fMRI. Frontiers Neuroinform 
(https://doi.org/10.3389/fninf.2017.00047) 

 
 
  

https://www.fil.ion.ucl.ac.uk/spm/doc/manual.pdf
https://doi.org/10.3389/fninf.2017.00047
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Social Neuroscience 

 
Module Number 
WPP 39 

Workload 
450 h 

Extent 
15 CP 

Duration 
(Semester) 

1 

Offered 
Winter Term 

Person in charge of the 
module 

PD Dr. Johannes Schultz 

Teaching Unit offering 
the module 

Institute of Experimental Epileptology and Cognition Research 

Applicability of the 
module 

Study Program Mode Study Semester 

MSc Neurosciences core course 2. Sem. 

Learning Outcomes 
 
 

What are the neural mechanisms underlying social interactions? In this module, 
students will learn about neural mechanisms in primates underlying the detection and 
identification of living agents, the perception and decoding of the social signals these 
agents send, and the decisions about interacting with these agents. Brief insights into 
disorders of social interactions found in psychiatric conditions will then be discussed. 
These topics will be presented in the lectures, developed in the seminars and students 
will be able to get hands-on experience with designing and performing social 
perception and decision experiments in the practical course. 

Contents 
 
 
 
 

 Cognitive neuroscience of social perception and cognition 

 Dysfunctions of social perception and cognition 

 Research methods in social neuroscience (signal detection theory; 
metacognition; experimental psychology; classification methods) 

 Experimental design 

Prerequisites for 
participation 

45 CP 

Course Elements 
 
 

Teaching 
Mode 

Topic Group-size SWS Workload 
[h] 

Seminar 
 
 
Practical 
Course 
 

Social neuroscience 
 
 
Experimental social 
neuroscience 

2 
 
 
 

1.0                               
 

 
7.0 

75 
 
 

375 

Examinations 
 
 

Type of examination(s) Graded/non-graded 

Oral Examination or Project report graded 

Study elements required 
as prerequisite for 
admission to the module 
examination 

Attendance of seminars and practical course 

Presentation of relevant literature 

graded/non-graded 

Non-graded 

Additional information  
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Computational Neuroethology 

 
Module Number 
WPP 41 

Workload 
450 h 

Extent 
15 CP 

Duration 
(Semester) 

1 

Offered 
Winter Term 

Person in charge of the 
module 

Dr. Kevin Briggman 

Teaching Unit offering 
the module 

Dept. of Computational Neuroethology, Center for Advanced European Studies and 
Research (caesar) 

Applicability of the 
module 

Study Program Mode Study Semester 

MSc Neurosciences core course 3. Sem. 

Learning Outcomes 
 
 

Students will gain hands-on experience using zebrafish and/or frogs are used as model 
systems in neuroethology. Students will perform behavioral recordings, whole-brain 
multiphoton calcium imaging and electron microscopy-based connectomic 
experiments. Students will also be introduced to computational analysis methods to 
analyze the time series data they record as well as EM image segmentation using 
machine learning.  

Contents 
 
 
 
 

 Free swimming and restrained behavioural recording 

 Multiphoton neuronal population imaging 

 3D electron microscopy preparation and collection 

 Time series analysis and machine learning-based image segmentation 

Prerequisites for 
participation 

45 CP,  

Course Elements 
 
 

Teaching 
Mode 

Topic Group-size SWS Workload 
[h] 

Seminar 
 
 
 
Practical 
Course 
 

Seminar on 
Computational 
Neuroethology 
 
 

2 
 
 
 

2 

1 
 
 
 

7 

75 
 
 
 

375 

Examinations 
 
 

Type of examination(s) Graded/non-graded 

Oral Examination graded 

Study elements required 
as prerequisite for 
admission to the module 
examination 

attendance of seminars  

full participation in practical course  

final oral presentation 

graded/non-graded 

Non-graded 

Additional information  
 

https://www.caesar.de/en/our-research/current-groups/computational-
neuroethology/research-focus.html 

  

https://www.caesar.de/en/our-research/current-groups/computational-neuroethology/research-focus.html
https://www.caesar.de/en/our-research/current-groups/computational-neuroethology/research-focus.html
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Virtual Reality Experimentation 

 
Module Number 
WPP 42 

Workload 
450 h 

Extent 
15 CP 

Duration 
(Semester) 

1 

Offered 
Winter Term 

Person in charge of the 
module 

Dr. Niclas Braun 

Teaching Unit offering 
the module 

Department of Psychiatry and Psychotherapy 

Applicability of the 
module 

Study Program Mode Study Semester 

MSc Neurosciences core course 3. Sem. 

Learning Outcomes 
 
 

Students receive basic knowledge and hands-on experiences in the development and 
conduction of (clinical) virtual reality experiments. Students will either work on their 
own VR project or collaborate in an existing VR project.  

Contents 
 
 
 
 

- How to design, code (C#, Unity) and conduct virtual reality experiments  
- How to record, time-sync and real-time access physiological data streams during 

virtual reality experiments (based on LabStreamingLayer) 
- How to analyse psychophysiological data (e.g.: wireless EEG, EMG, EDA, HRV or 

Eyetracking), using common Matlab-packages such as EEGLAB or LEDALAB. 

Prerequisites for 
participation 

45 CP, psychophysiological foreknowledge or scripting experiences (Matlab, C#, 
Python) are desirable 

Course Elements 
 
 

Teaching 
Mode 

Topic Group-size SWS Workload 
[h] 

Seminar 
 
 
 
 
Practical 
Course 

Lab notes, literature 
research, progress 
reports, lab-internal 
project presentation  
 
Implementation of an 
own VR experiment 

2 1 
 
 
 

7 

75 
 
 
 

375 

Examinations 
 
 

Type of examination(s) Graded/non-graded 

Final oral presentation graded 

Study elements required 
as prerequisite for 
admission to the module 
examination 

Attendance of seminars 

Full participation in practical course 

graded/non-graded 

Non-graded 

Additional information  
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Master Thesis 
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Master Thesis 

 
Module Number 
MA 

Workload 
900 h 

Extent 
30 CP 

Duration 
(Semester) 

1 

Offered 
Each Semester 

Person in charge of the 
module 

The chairman of the Board of Examiners Prof. Dr. Christian Steinhäuser, contact Dr. 
Silke Künzel (Course Coordinator) 

Teaching Unit offering 
the module 

Institutes and departments of the teaching staff to the MSc program 

Applicability of the 
module 

Study Program Mode Study Semester 

MSc Neurosciences compulsory 4. Sem. 

Learning Outcomes 
 

The previously acquired knowledge and skills are to be practically applied in the context 
of a well-defined scientific problem 

Key Skills Qualification 
 
 

 Key skills qualifications promoted by the thesis work are communication, project 
planning and management, calculation and interpretation skills, literature 
research, data evaluation, text processing, presentation, working towards 
targets and on deadlines, communicating own needs, accepting constructive 
feedback, systematic analysis of problems, process design and control. 

 Implementation of theoretical knowledge in a practical research project in a 
chosen field of study in neurosciences 

 Independent research project of the student 

 Written thesis about the research carried out in accordance with current 
scientific standards 

Contents The Master Thesis is the final part of the studies. The students work in a laboratory 
environment in the scientific groups of the departments involved in the study 
program. Their work usually contributes to a project leading to a scientific 
publication. 

Prerequisites for 
participation 

Minimum 75 credit points from previous examinations (including compulsory 
modules), registration of the project and approval by the Chairman of the Board of 
Examiners. 

Course Elements 
 
 

Teaching 
Mode 

Topic Group-size SWS Workload 
[h] 

Master Project Neurosciences 1  900 
 

Examinations 
 
 

Type of examination(s) Graded/non-graded 

Certificate and grading by two supervisors graded 

Study elements required 
as prerequisite for 
admission to the module 
examination 

Registration after consultation with the supervisors  graded/non-graded 

Non-graded 

Additional information  
 

Recommended reading: current literature 

 


