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Module Description 

Module name 

Getting Started in Molecular and Cellular Biology 

Module 
no. 

10-22-

0021 

Credit Points 

7 CP 

Workload 

210 h 

Self-study 

135 h 

Duration 

1 Semester 

Frequency 

Every semester 

Language of Instruction 

English 

Person responsible for the Module 

Studiendekan*in des Fachbereichs 10, PD Dr. 

Ulrike Homann 

1 Courses of the Module 

Course no.  Course name Workload (CP) Form of 
Teaching 

Contact 
Hours 
per 
Week 

10-22-0021-vl Current Molecular and Cellular 

Biology 

0 Lecture 1 

 

10-22-0021-ws Getting Started in Molecular 

and Cellular Biology 

0 Workshop 4 

 

2 Study Content 

Basic topics of Molecular and Cellular Biology will be worked out in small student teams. 
Beside the scientific focus, it contains significant skills-oriented elements such as 

intercultural team building, project management, and presentations training (posters and 

oral presentations). The results of the teamwork are presented in the seminar. 

Presentation of the results may include both, talks and posters. 

 

3 Learning Outcomes 

The students will be able to: 

•name basic concepts of project management 

•reflect on their own and other intercultural backgrounds and team processes 

•evaluate molecular and cellular biology topics with respect to globalization and ethical 

standards 

•describe and present the results of their work in a scientifically adequate form. 

4 Requirements for Participation 

 

5 Form of Examination 

Final Module Examination: 

•  Module Examination (Study Examination, Portfolio,  Passed / Not Passed) 

6 Requirements on the Award of Credit Points 

Passing the exam.  

Compulsory attendance in 75% of the workshop. A focus of the module is on solving a 

problem in a team. For this purpose, it is necessary that the team members spend time 

together as a team. Furthermore, acquisition and development of intercultural and team 
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competence depends on interaction with the team during the seminar. 

7 Grading 

Final Module Examination:  

•  Module Examination (Study Examination, Portfolio, Weight: 100%, Passed / Not 

Passed) 

8 Usability of the Module 

M.Sc. Molecular and Cellular Biology 

9 Literature 

Will be announced in the course. 

10 Comment 
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Module Description 

Module name 

Data Analysis and Scientific Presentation 

Module 
no. 

10-22-

0022 

Credit Points 

6 CP 

Workload 

180 h 

Self-study 

90 h 

Duration 

1 Semester 

Frequency 

Every 2. 

semester 

Language of Instruction 

English 

Person responsible for the Module 

Studiendekan*in des Fachbereichs 10 

1 Courses of the Module 

Course no.  Course name Workload (CP) Form of 
Teaching 

Contact 
Hours 
per 
Week 

10-22-0022-ue Data Analysis and Presentation 

- Exercise 

0 Exercise 3 

 

10-22-0022-vl Data Analysis and Presentation 

- Lecture 
0 Lecture 3 

 

2 Study Content 

This course equips students with the skills and knowledge necessary to analyse, visualise, 

present and manage quantitative data from experiments in molecular and cellular 
biology. Through a combination of lectures, e-learning contents and exercises, they will 

understand: 

•Types of digital research data 

•The preparation and analysis of quantitative research data 

•Basics of statistical data analysis 

•Options for visualization of quantitative research data 

•FAIR management of research data 

•Principles of scientific integrity. 

 

3 Learning Outcomes 

Upon completion of this module, students will be able to: 

• Recognize and characterize digital research data 

• Devise strategies for data analysis 

• Create efficient displays of quantitative data 

• Compose data management plans 

4 Requirements for Participation 

 

5 Form of Examination 

Final Module Examination: 

•  Module Examination (Study Examination, Portfolio,  Passed / Not Passed)) 

6 Requirements on the Award of Credit Points 
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Passing the exam. 

7 Grading 

Final Module Examination:  

•  Module Examination (Study Examination, Portfolio, Weight: 100%, Passed / Not 

Passed)) 

8 Usability of the Module 

 

9 Literature 

Will be announced in the course. 

10 Comment 
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Module Description 

Module name 

Research Internship 

Module 
no. 

10-22-

0023 

Credit Points 

19 CP 

Workload 

570 h 

Self-study 

45 h 

Duration 

1 Semester 

Frequency 

Every semester 

Language of Instruction 

English 

Person responsible for the Module 

Studiendekan*in des Fachbereichs 10 

1 Courses of the Module 

Course no.  Course name Workload (CP) Form of 
Teaching 

Contact 
Hours 
per 
Week 

10-22-0023-pr Reseach Internship 0 Practical / 

Lab / 

Internship 

34 

 

10-22-0023-se Scientific Writing 0 Seminar 1 
 

2 Study Content 

Research Internship: 

12-week internship, which is usually carried out in one of the working groups of the 
lecturers involved in the study program. The content of the in-depth work is to be 

determined in consultation with the respective head of the working group and is oriented 

towards current issues from the research area of the university lecturer. Students are 

guided to work on the topic independently as far as possible. Students present the results 

of their work in a seminar. 

 

Scientific Writing: 

Principles of scientific writing, structure and style of scientific manuscripts, literature 

research, critical analysis of scientific literature 

 

3 Learning Outcomes 

Following completion of the module, students will be able to: 

•work on complex problems in the field of cellular and molecular biology under 

guidance; 

•describe and apply new methods; 

•document their work scientifically; 

• apply the principles of scientific writing; 

•discuss their work it in the light of current scientific knowledge; 

•present their work in front of a professional audience. 

4 Requirements for Participation 

Participation at Research Internship: At least 24 CP from the ‘Open Catalogue Master of 

Molecular and Cellular Biology’ must be completed and passed. 

5 Form of Examination 
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Course Examination: 

•  [10-22-0023-pr] (Technical Examination, Minutes/(laboratory) notebook, 

Standard) 

• [10-22-0023-pr] (Study Examination, Presentation, pass/not passed) 

6 Requirements on the Award of Credit Points 

Passing the exams. 

Attendance at least 75 % of the internship. 

Compulsory attendance is required for the acquisition of the following competences:  

professional handling of scientific equipment, safe application of practical methods in the 

laboratory, evaluation, documentation and interpretation of experimentally obtained 

data, presentation of results. 

7 Grading 

Course Examination:  

•  [10-22-0023-pr] (Technical Examination, Minutes/(laboratory) notebook, 

Weight: 100%, Standard) 

• [10-22-0023-pr] (Study Examination, Presentation, pass/not passed) 

8 Usability of the Module 

M.Sc. Molecular and Cellular Biology 

9 Literature 

Will be announced in the course. 

10 Comment 
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Module Description 

 

Module name 

Master Thesis 

Module 
no. 

10-22-

5000 

Credit Points 

30 CP 

Workload 

900 h 

Self-study 

900 h 

Duration 

2 Semester 

Frequency 

Every semester 

Language of Instruction 

English 

Person responsible for the Module 

Studiendekan*in des Fachbereichs 10 

1 Courses of the Module 

Course no.  Course name Workload (CP) Form of 
Teaching 

Contact 
Hours 
per 
Week 

     
 

     
 

2 Study Content 

Working on a scientific problem under supervision. Independent planning, execution and 

evaluation of new experimental or theoretical studies on a current scientific topic. The 

problem as well as the results are documented in writing together with a critical 

interpretation of the data. 

 

3 Learning Outcomes 

Following completion of the module, students will be able to: 

• work independently on complex cellular and molecular biology problems and 

consider different 

approaches of solving them; 

• develop problem-solving strategies; 

• document their work scientifically and to discuss and critically reflect on it in the 

light of current scientific knowledge; 

• present their work 

4 Requirements for Participation 

Minimum of 42 CP in M.Sc. Molecular and Cellular Biology 

5 Form of Examination 

Final Module Examination: 

•  Module Examination (Technical Examination, Thesis, Standard) 

• Module Examination (Technical Examination, oral Examination, Duration 30 min 

Standard) 

6 Requirements on the Award of Credit Points 

Passing the exam. 
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7 Grading 

• Module Examination (Technical Examination, Thesis, Weight: 80%, Standard) 

• Module Examination (Technical Examination, Oral Examination, Weight: 20%, 

Standard) 

8 Usability of the Module 

M.Sc. Molecular and Cellular Biology 

9 Literature 

Will be announced in the course. 

10 Comment 
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Module Description 

Module name 

Career paths in molecular and cellular biology 

Module 
no. 

10-22-

0200 

Credit Points 

5 CP 

Workload 

150 h 

Self-study 

105 h 

Duration 

1 Semester 

Frequency 

Every 2. 

semester 

Language of Instruction 

English 

Person responsible for the Module 

Studiendekan*in des Fachbereichs 10 

1 Courses of the Module 

Course no.  Course name Workload (CP) Form of 
Teaching 

Contact 
Hours 
per 
Week 

10-22-0200-se Career paths in molecular and 

cellular biology - Seminar 
0 Seminar 1 

 

10-22-0200-vl Career paths in molecular and 

cellular biology - Lecture 

0 Lecture 2 

 

2 Study Content 

This lecture series allows student to gain insights into the various career perspectives in 

molecular and cellular biology. Lecturers from academic institutes will be supplemented 

by lecturers with expertise in industry and administration. They will discuss differences 

between research in academia and industry, examine the requirements for careers 

outside academia and provide opportunities for getting to know potential future 

employers in the region and for building professional networks. In the exercise, students 

will reflect the career options and write a fictive application to one of the presented 

employers. 

 

3 Learning Outcomes 

By the end of this module, students will be able to: 

•identify career paths in academia and industry 

•evaluate personal career preferences 

•compose convincing applications 

4 Requirements for Participation 

 

5 Form of Examination 

Final Module Examination: 

•  Module Examination (Study Examination, Essay,  Standard) 

6 Requirements on the Award of Credit Points 

Passing the exam. 

7 Grading 

Final Module Examination:  
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•  Module Examination (Study Examination, Essay, Weight: 100%, Standard) 

8 Usability of the Module 

M.Sc. Molecular and Cellular Biology 

M.Sc. Ecology and Biodiversity 

M.Sc. Synthetic Biology 

M.Sc. Biomolecular Engineering 

9 Literature 

Will be announced in the course. 

10 Comment 
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Module Description 

Module name 

Advanced Genetics – RNA and centromere biology - Theory 

Module 
no. 

10-22-

0201 

Credit Points 

5 CP 

Workload 

150 h 

Self-study 

90 h 

Duration 

1 Semester 

Frequency 

Every 2. 

semester 

Language of Instruction 

English 

Person responsible for the Module 

Prof. Dr. rer. nat. Beatrix Süß, Prof. Dr. Patrick 

Heun 

1 Courses of the Module 

Course no.  Course name Workload (CP) Form of 
Teaching 

Contact 
Hours 
per 
Week 

10-22-0001-se Advanced Genetics – RNA and 

chromosome biology - Seminar 

0 Seminar 2 

 

10-22-0001-vl Advanced Genetics – RNA and 

chromosome biology - Lecture 

0 Lecture 2 

 

2 Study Content 

This course provides an advanced understanding of molecular genetics. The focus is on 
RNA biology, genome editing and centromere biology. Topics in detail: 

 

Lecture 

The first part of the lectures has RNA biology as main topic with a focus on based 

regulation of gene expression. In addition to an introduction into the basics of RNA 

structure and function and RNA based methods, the comparison of natural and synthetic 

RNA-based systems for regulated gene expression are discussed. Students are then 

further introduced to concepts of how RNA aptamers can be applied to conditionally 

control gene expression. The second part has genome editing and centromere biology as 

its main topic. It introduces different techniques to manipulate the genome with an 
emphasis on CRISPR-Cas9 based approaches. Students will further learn about general 

chromosome organization, epigenetics, and its importance in defining centromere 

identity. Different applications of genome editing, and synthetic biology techniques will 

be discussed in the context of ongoing research in the field of centromere biology.  

Seminar 

In addition to the lecture, selected topics of basic molecular biology and molecular 

genetic technique such as purification, handling and modification of nucleic acid and 

proteins, transfection of expression constructs, transgenic organisms, synthetic biology, 

etc. will be discussed by the students and based on the students’ presentations using 

original literature. 

 

3 Learning Outcomes 

After completing the module, students can: 

•describe and compare the principles of RNA-based gene regulation. 

•describe and compare the principles of different gene editing tools. 
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•understand and explain the basic concepts of RNA and chromosome biology. 

4 Requirements for Participation 

 

5 Form of Examination 

Final Module Examination: 

•  Module Examination (Study Examination, Written Exam, Duration 60 min, 

Standard) 

6 Requirements on the Award of Credit Points 

Passing the exam. 

7 Grading 

Final Module Examination:  

•  Module Examination (Study Examination, Written Exam, Weight: 100%, 

Standard) 

8 Usability of the Module 

M.Sc. Molecular and Cellular Biology 

M.Sc. Ecology and Biodiversity 

M.Sc. Synthetic Biology 

9 Literature 

Current primary literature 

 

10 Comment 
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Module Description 

Module name 

Plant Metabolic Engineering - Theory 

Module 
no. 

10-22-

0202 

Credit Points 

5 CP 

Workload 

150 h 

Self-study 

120 h 

Duration 

1 Semester 

Frequency 

Every 2. 

semester 

Language of Instruction 

English 

Person responsible for the Module 

Prof. Dr. Heribert Warzecha 

1 Courses of the Module 

Course no.  Course name Workload (CP) Form of 
Teaching 

Contact 
Hours 
per 
Week 

10-22-0002-vl Plant metabolic engineering - 

Lectures 

0 Lecture 2 

 

2 Study Content 

Lecture: 

Plants produce a plethora of low molecular weight compounds with highly diverse 

functionalities (e.g. alkaloids, flavonoids, or terpenes). They are of tremendous 

importance for us since very often they have a pronounced pharmacological activity or 

they can be used as flavours, fragrances or basic chemicals. 
Within this lecture, the biosynthetic routes of the different compound classes will be 

discussed. Also, distribution within the plant kingdom as well as function will be covered.  

Moreover, use of secondary metabolites in medicine and technology will be presented 

and the pharmacology of selected compound classes discussed. Finally, concepts of 

metabolic engineering and synthetic biology for the production and modification of plant-

derived compounds will be introduced. 

 

3 Learning Outcomes 

After completing the module, students can: 

Lecture 

•Recognize and differentiate biosynthetic pathways from plants and group substances 

into classes according to their building blocks. 

•Develop strategies for the elucidation of biosynthetic pathways as well as for metabolic 

engineering. 

•Evaluate the use of natural products due to their physicochemical properties. 

•Evaluate the risk of adverse effects of natural medicines and drugs. 

4 Requirements for Participation 

 

5 Form of Examination 

Final Module Examination: 
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•  Module Examination (Study Examination, oral Examination, Duration 20 min, 

Standard) 

6 Requirements on the Award of Credit Points 

Passing the exam. 

7 Grading 

Final Module Examination:  

•  Module Examination (Study Examination, oral Examination, Weight: 100%, 

Standard) 

8 Usability of the Module 

M.Sc. Molecular and Cellular Biology 

M.Sc. Ecology and Biodiversity 

M.Sc. Synthetic Biology 

9 Literature 

Current primary literature 

 

Paul Dewick - Medicinal Natural Products. Wiley  

ISBN 978-0-470-74168-9 

Samuelsson, Bohlin – Drugs of Natural Origin.   

ISBN 978-91-976510-5-9 

 

10 Comment 
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Module Description 

Module name 

Engineering Microbes - Theory 

Module 
no. 

10-22-

0203 

Credit Points 

5 CP 

Workload 

150 h 

Self-study 

90 h 

Duration 

1 Semester 

Frequency 

Every 2. 

semester 

Language of Instruction 

English 

Person responsible for the Module 

Prof. Dr. Jörg Simon, Prof. Dr. rer. nat. Torsten 

Waldminghaus 

1 Courses of the Module 

Course no.  Course name Workload (CP) Form of 
Teaching 

Contact 
Hours 
per 
Week 

10-22-0003-se Engineering Microbes - Seminar 0 Seminar 2 
 

10-22-0003-vl Engineering Microbes  - Lecture 0 Lecture 2 
 

2 Study Content 

Lecture: 

- Aspects of current microbiological research  
- Genetic Engineering of Microorganisms 

- Metabolic Engineering of Microorganims 

- Quantitative methods to study and engineer bacterial cell biology and (energy) 

metabolism 

- Designing and using microorganisms for industrial applications 

 

Seminar: 

Selected current original literature will be studied by the students in group work and 

presented and discussed in the form of an oral presentation. The results of the practical 

experiments are also prepared and presented in the presentations. The seminar serves to 

improve presentation techniques. 

 

3 Learning Outcomes 

After completing the module, students will be able to: 

- address current issues in problem-driven microbiological research in a targeted manner 

using molecular genetics, biochemical and physiological methods. 

4 Requirements for Participation 

 

5 Form of Examination 

Final Module Examination: 

•  Module Examination (Study Examination, Written Exam, Duration 90 min, 

Standard) 
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6 Requirements on the Award of Credit Points 

Passing the exam. 

7 Grading 

Final Module Examination:  

•  Module Examination (Study Examination, Written Exam, Weight: 100%, 

Standard) 

8 Usability of the Module 

M.Sc. Molecular and Cellular Biology 

M.Sc. Ecology and Biodiversity 

M.Sc. Synthetic Biology 

9 Literature 

Will be announced in the course. 

10 Comment 
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Module Description 

Module name 

Biomolecular Design - Theory 

Module 
no. 

10-22-

0205 

Credit Points 

5 CP 

Workload 

150 h 

Self-study 

90 h 

Duration 

1 Semester 

Frequency 

Every 2. 

semester 

Language of Instruction 

English 

Person responsible for the Module 

Prof. Dr. rer. nat. Kay Hamacher, Prof. Dr. rer. 

nat. Katja Schmitz 

1 Courses of the Module 

Course no.  Course name Workload (CP) Form of 
Teaching 

Contact 
Hours 
per 
Week 

10-22-0005-ue Biomolecular Design - Exercise 0 Exercise 2 
 

10-22-0005-vl Biomolecular Design - Lecture 0 Lecture 2 
 

2 Study Content 

Lecture: 

Basics of the statistical mechanics of biomolecular systems (protein folding/stability, 
molecular binding, mathematical evolutionary models). State-of-the-art programming 

techniques/languages will be introduced (Julia, R, C++). 

Simulation methods and in silico design procedures will also be taught. 

Exercise: repetition and contextualization of the lecture 

 

3 Learning Outcomes 

•Understanding of mathematical methods and simulation techniques, as well as their 

physical and chemical basis 

•Competence to apply standard programs like molecular dynamics simulations, 

molecular docking, 3D-structure modeling 

•Evaluate and understand interfaces and data dependencies between different software 

packages and mathematical/physical models 

4 Requirements for Participation 

 

5 Form of Examination 

Final Module Examination: 

•  Module Examination (Study Examination, Portfolio,  Standard) 

6 Requirements on the Award of Credit Points 

 

7 Grading 
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Final Module Examination:  

•  Module Examination (Study Examination, Portfolio, Weight: 100%, Standard) 

8 Usability of the Module 

M.Sc. Molecular and Cellular Biology 

M.Sc. Synthehtic Biology 

M.Sc. Biomolecular Enginerering 

M.Sc. Ecology and Biodiversity 

9 Literature 

Will be announced in the course. 

 

10 Comment 
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Module Description 

Module name 

DNA repair and damage response - Theory 

Module 
no. 

10-22-

0207 

Credit Points 

5 CP 

Workload 

150 h 

Self-study 

90 h 

Duration 

1 Semester 

Frequency 

Every 2. 

semester 

Language of Instruction 

English 

Person responsible for the Module 

Prof. Dr. Markus Löbrich, Prof. Dr. rer. nat. 

Alexander Löwer 

1 Courses of the Module 

Course no.  Course name Workload (CP) Form of 
Teaching 

Contact 
Hours 
per 
Week 

10-22-0007-vl DNA repair and damage 

response – Lecture 

0 Lecture 2 

10-22-0007-se DNA repair and damage 

response - Seminar 

0 Seminar 2 

 

2 Study Content 

DNA damage repair and response – lecture 

In the lecture, the response to DNA double strand breaks (DSB) serves as a paradigm to 

illustrate modern, state-of-the-art research in molecular and cellular biology. We will 

highlight how basic principles of biochemistry, molecular and cellular biology play 

together to enable complex regulatory processes inside cells. Furthermore, we provide in-

depth knowledge of the molecular mechanisms mediating the cellular response to and 

the repair of DNA damage, present the current state of the research field and introduce 

relevant research methodology. Specific topics include for example: 

-Recognition of DSB 

-Repair of DSB by resection-dependent and independent non-homologous end joining 

-The importance of homology-dependent repair and its sub-pathways for genome stability 

-Regulation of microhomology-mediated end joining 

-Coordination of cell cycle and DSB repair 

-DSB repair during development and its consequences for genome stability 

-Regulation of the DNA damage response by the tumor suppressor p53 

-Investigating the p53 network through live-cell microscopy and mathematical modeling 

-Stimulus- and state-specific dynamics and functions of the p53 pathway in individual 

cells 

-Regulation of target gene expression by p53 

-Principles of cell cycle regulation and p53-dependent and -independent activation of 

checkpoints 

-Senescence and apoptosis as terminal cell fates upon DNA damage induction 

 

DNA damage repair and response – seminar 

In the seminar, students will research relevant literature in the field, discuss and present 

recent publications and engage in project planning and management. This takes place for 
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example in the context of simulated research proposals. 

3 Learning Outcomes 

Upon completion of this module, students will be able to: 

-differentiate the molecular mechanisms of DSB repair and explain the underlying 

principles 

-describe the molecular networks mediating the DNA damage response and explore their 

dynamics 

-formulate new hypotheses about molecular mechanisms 

4 Requirements for Participation 

 

5 Form of Examination 

Final Module Examination: 

•  Module Examination (Study Examination, Written Exam, Duration 60 min, 

Standard) 

6 Requirements on the Award of Credit Points 

Passing the exam. 

7 Grading 

Final Module Examination:  

•  Module Examination (Study Examination, Written Exam, Weight: 100%, 

Standard) 

8 Usability of the Module 

M.Sc. Molecular and Cellular Biology 

M.Sc. Biomolecular Engineering 

M.Sc. Ecology and Biodiversity 

M.Sc. Synthetic Biology 

9 Literature 

Will be announced in the course. 

10 Comment 
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Module Description 
 

Module name 

Radiation Biophysics - Theory 

Module 
no. 

10-22-

0208 

Credit Points 

5 CP 

Workload 

150 h 

Self-study 

90 h 

Duration 

1 Semester 

Frequency 

Every 2. 

semester 

Language of Instruction 

English 

Person responsible for the Module 

Honorarprof. Dr. Burkhard Jakob 

1 Courses of the Module 

Course no.  Course name Workload (CP) Form of 
Teaching 

Contact 
Hours 
per 
Week 

10-22-0008-vl Radiation Biophysics Lectures 0 Lecture 2 
 

10-22-2008-pr Radiation Physics - Lab Course 0 Practical / 

Lab / 

Internship 

2 

 

2 Study Content 

Lecture: 

Fundamentals and new aspects of radiobiological research are presented and categorised 

with regard to the influence of radiation quality.  

The focus is on:  

•physical principles of radiation biophysics 

•dosimetry of ionizing radiation including ion beams 

•radiation biology (molecular and cellular reactions to DNA damage, especially complex 

lesions) 
•principles  and use of advanced microscopy in radiation research 

•radiation effects in tissue 

•fundamentals of radiotherapy 

•space radiation 

Practical course in physics: 

In addition to the accompanying lectures, students will learn how to use typical devices 

(such as detectors, cloud chamber), create and evaluate measurements and gain a 

conceptual understanding of physical processes. 

Exemplary contents are 

•Spectroscopic and range measurements of a-particles (Bragg-Peak) 

•Measurement and evaluation of the dose-response relationships (cell survival) 
•Evaluation of cloud chamber images to develop a feeling for measured variables and 

accuracy 

•Experiments on dosimetry and attenuation of X-rays and particle radiation 

•Logging and error calculation 

 

3 Learning Outcomes 

After completing the module, students will be able to: 

•understand the physical principles of ionizing radiation and its interaction with matter 

and to transfer these to radiobiological effects 



 

27 

 

•understand basic concepts of radiation protection and dosimetry 

4 Requirements for Participation 

Comprehensive knowledge of cell biology and basic knowledge of physics and radiation 

biology are recommended. 

5 Form of Examination 

Final Module Examination: 

•  Module Examination (Study Examination, Written Exam, Duration 90 min, 

Standard) 

6 Requirements on the Award of Credit Points 

Passing the exam. 

7 Grading 

Final Module Examination:  

•  Module Examination (Study Examination, Written Exam, Weight: 100%, 

Standard) 

8 Usability of the Module 

M.Sc. Molecular and Cellular Biology 

M.Sc. Biomolecular Engineering 

M.Sc. Ecology and Biodiversity 

M.Sc. Synthetic Biology 

9 Literature 

Hall, E. J.,  Giaccia, A. J. (2011): Radiobiology for the Radiologist. Lippincott, Williams  

Wilkins. 

Alpen, E. L. (2013):  Radiation Biophysics, Academic Press 

Baatout, S. (2023):  Radiobiology Textbook, Springer 

 

10 Comment 

Takes place at the GSI Helmholtzcentre for Heavy-Ion Research, Darmstadt,  

Department of Biophysics 

 

 

  



 

28 

 

Module Description 

Module name 

Stem Cell Biology - Theory 

Module 
no. 

10-22-

0209 

Credit Points 

5 CP 

Workload 

150 h 

Self-study 

75 h 

Duration 

1 Semester 

Frequency 

Every 2. 

semester 

Language of Instruction 

English 

Person responsible for the Module 

Prof. Dr. Ulrike Nuber 

1 Courses of the Module 

Course no.  Course name Workload (CP) Form of 
Teaching 

Contact 
Hours 
per 
Week 

10-22-0009-vl Stem Cell Biology - Lecture 0 Lecture 5 
 

2 Study Content 

The lectures provide basic and advanced knowledge of the biology and biomedical 

applications of stem cells. The focus is on vertebrate stem cells, in particular human ones. 

Neural, hematopoietic, cancer and pluripotent stem cells are included. In addition to 

biological concepts, methods to analyse, isolate, and culture stem cells are conveyed. 

Other contents are basic intellectual property concepts such as patenting. 

 

3 Learning Outcomes 

By the end of this module, students will be able to: 

•Understand and explain basic and advanced concepts in stem cell biology and respective 

biomedical applications including current limitations in the human stem cell field. They 

will understand basic intellectual property concepts such as patenting and are able to 

interpret basic patent contents. 

4 Requirements for Participation 

 

5 Form of Examination 

Final Module Examination: 

•  Module Examination (Study Examination, Written Exam, Duration 60 min, 

Standard) 

6 Requirements on the Award of Credit Points 

Passing the exam. 

7 Grading 

Final Module Examination:  

•  Module Examination (Study Examination, Written Exam, Weight: 100%, 

Standard) 
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8 Usability of the Module 

M.Sc. Molecular and Cellular Biology 

M.Sc. Ecology and Biodiversity 

M.Sc. Synthetic Biology 

9 Literature 

Will be announced in the course. 

 

10 Comment 

 

 

 

Module Description 

Module name 

Epigenetic engineering - Theory 

Module 
no. 

10-22-

0210 

Credit Points 

5 CP 

Workload 

150 h 

Self-study 

105 h 

Duration 

1 Semester 

Frequency 

Every 2. 

semester 

Language of Instruction 

English 

Person responsible for the Module 

Prof. Dr. Cristina Cardoso 

1 Courses of the Module 

Course no.  Course name Workload (CP) Form of 
Teaching 

Contact 
Hours 
per 
Week 

10-22-0010-se Epigenetic engineering - 

Seminar 

0 Seminar 1 

 

10-22-0010-vl Epigenetic engineering - Lecture 0 Lecture 2 
 

2 Study Content 

Lecture: The lecture is based on research publications on cell biology of the epigenome. 

In particular, the following topics are presented and discussed: cell nucleus structure and 

function; replication of the (epi)genome; cellular reprogramming and 

(trans)differentiation, epigenetics and chromatin, (epi)genetic engineering. These are 

completed by (audio-visual) tutorials on methods in molecular cell biology and 

epigenetics as well as computational analysis tools. 

 

Project: On these topics, project ideas are planned for practical execution in the 

laboratory. The project outcome is presented and discussed at the end of the module in 

the form of a poster and/or oral presentation. 

3 Learning Outcomes 

After attending the lecture, students will be able to...: 

•understand and summarize the mechanism of cell proliferation, differentiation and 

epigenetics. 
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•understand and explain the relevance of maintaining as well as changing the epigenetic 

landscape in (stem) cell differentiation, reprogramming and in disease. 

•establish well-founded connections between cell biology questions and methodological 

approaches. 

 

After participating in the project development and outcome presentation, students will be 

able to...: 

•design a scientific project.  

•collaborate in a team to address a scientific question, and plan and distribute tasks. 

•present and discuss the outcome of the team‘s project. 

4 Requirements for Participation 

 

5 Form of Examination 

Final Module Examination: 

•  Module Examination (Study Examination, Written Exam, Duration 60 min, 

Standard) 

6 Requirements on the Award of Credit Points 

Passing the exam. 

7 Grading 

Final Module Examination:  

•  Module Examination (Study Examination, Written Exam, Weight: 100%, 

Standard) 

8 Usability of the Module 

M.Sc. Molecular and Cellular Biology 

M.Sc. Biomolecular Engineering 

M.Sc. Ecology and Biodiversity 

M.Sc. Synthetic Biology 

9 Literature 

General cell biology text books, e.g.:  

•Alberts, Molecular Biology of the Cell  

•Lodish, Molecular Cell Biology  

•Pollard and Earnshaw, Cell Biology  

Epigenetics text books, e.g.: 

•Allis et al; Epigenetics  

•Misteli and Spector; The Nucleus  

•Cook; Principles of Nuclear Structure and Function 
Internet material: 

•Databases (http://www.ncbi.nlm.nih.gov/sites/entrez; www.ensembl.org) 

•Light Microscopy http://www.microscopy.fsu.edu/primer/index.html 

•Scientific articles (research articles and reviews) 

•AI tools 
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10 Comment 
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Module Description 

 

Module name 

Neurobiology - Theory 

Module 
no. 

10-22-

0211 

Credit Points 

5 CP 

Workload 

150 h 

Self-study 

105 h 

Duration 

1 Semester 

Frequency 

Every 2. 

semester 

Language of Instruction 

English 

Person responsible for the Module 

Prof. Dr. phil. nat. Bodo Laube, Prof. Dr. med. 

Ralf Galuske 

1 Courses of the Module 

Course no.  Course name Workload (CP) Form of 
Teaching 

Contact 
Hours 
per 
Week 

10-22-0011-se Neurobiology - Seminar 0 Seminar 1 
 

10-22-0011-vl Neurobiology - Lecture 0 Lecture 2 
 

2 Study Content 

-Structure and function of neurons and neuronal tissues 

-Basic neuroanatomy of the mammalian CNS 

-Structure and function of different sensory and motor systems in the mammalian CNS 

 

3 Learning Outcomes 

The students are able to: 

... understand the basics of molecular, cellular and systems neurobiology 

… understand the functional basis of interactions in the processing of sensory 

information 

... independently review the recent literature provided on these subject areas and 

evaluate its relevance 

4 Requirements for Participation 

 

5 Form of Examination 

Final Module Examination: 

•  Module Examination (Study Examination, oral Examination, Duration 20 min, 

Standard) 

6 Requirements on the Award of Credit Points 

Passing the exam. 

7 Grading 

Final Module Examination:  
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•  Module Examination (Study Examination, oral Examination, Weight: 100%, 

Standard) 

8 Usability of the Module 

M.Sc. Molecular and Cellular Biology 

M.Sc. Ecology and Biodiversity 

M.Sc. Synthetic Biology 

9 Literature 

Will be announced in the course. 

10 Comment 
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Module Description 

Module name 

Clinical Immunology – The House MD Seminar 

Module 
no. 

10-22-

0213 

Credit Points 

5 CP 

Workload 

150 h 

Self-study 

135 h 

Duration 

1 Semester 

Frequency 

Every 2. 

semester 

Language of Instruction 

English 

Person responsible for the Module 

PD Dr. Stefan Schülke, Dr. Martina Anzaghe 

1 Courses of the Module 

Course no.  Course name Workload (CP) Form of 
Teaching 

Contact 
Hours 
per 
Week 

10-22-0213-se Clinical Immunology 0 Seminar 1 
 

2 Study Content 

Defects of the immune system, hypersensitivity reactions (allergies and autoimmunity), 

chronic inflammation, cancer, and infections with different pathogens play a prominent 

role in the clinic. As these diseases often show a variable presentation of disease 

symptoms, as well as complex interactions of the involved immune cells, non-immune 

cells, and pathogens among each other, these diseases are often very difficult to diagnose. 

In six seminars the students will be introduced into clinically relevant immune 
pathologies (allergies and autoimmunity, cancer, infections) using carefully chosen 

episodes of the TV series “House MD”. Here, the clinical cases will be presented by the 

lecturers, symptoms will be collected together with the students, analyzed, and a 

diagnosis and possible treatment regimens will be developed. 

All seminars are designed to be strongly interactive with enough room for questions and 

discussion. This results in an intensive and critical reflection of the provided knowledge. 

 

3 Learning Outcomes 

After completing the module, the students will have an in-depth knowledge about clinical  

immunology and immune pathological diseases as well as an understanding of their 

underlying mechanisms. The problem-solving strategies learned within the module will 

help them to analyze, interpret, and solve complex problems. 

4 Requirements for Participation 

 

5 Form of Examination 

Final Module Examination: 

•  Module Examination (Study Examination, oral Examination, Duration 30 min, 

Standard) 

6 Requirements on the Award of Credit Points 

Passing the exam. 
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7 Grading 

Final Module Examination:  

•  Module Examination (Study Examination, oral Examination, Weight: 100%, 

Standard) 

8 Usability of the Module 

M.Sc. Molecular and Cellular Biology 

M.Sc. Biomolecular Engineering 

M.Sc. Ecology and Biodiversity 

M.Sc. Synthetic Biology 

9 Literature 

Janeway’s Immunobiology 9th Edition (Garland Science) 

 

10 Comment 
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Module Description 

Module name 

Immunology Literature Seminar 

Module 
no. 

10-22-

0214 

Credit Points 

5 CP 

Workload 

150 h 

Self-study 

120 h 

Duration 

1 Semester 

Frequency 

Every 2. 

semester 

Language of Instruction 

English 

Person responsible for the Module 

PD Dr. Stefan Schülke, Dr. Martina Anzaghe 

1 Courses of the Module 

Course no.  Course name Workload (CP) Form of 
Teaching 

Contact 
Hours 
per 
Week 

10-22-0214-se Presentation of scientific 

publications 

0 Seminar 1 

 

10-22-2214-se Journal Club 0 Seminar 1 
 

2 Study Content 

In a first lecture (duration ~4 hours), students will get an overview of the process of 

writing and publishing a scientific paper. The students will gain an insight about how to 
prepare and interpret a scientific publication. Within the module, they should develop an 

understanding of what the structure of a publication looks like and how to read, 

understand, and present it in a scientific environment. As part of a highly interactive 

lecture, students will apply their knowledge to a given scientific publication together with 

the lecturer.  

In 6 subsequent four-hour seminars, the students then present immunological 

publications individually or in groups of max. 2 people. Discussed publications will be 

provided by the lecturers and chosen in advance from selected immunological topics in 

agreement with the lecturers. The presentations will take place in two rounds, with the 

first round serving as a test round for the second presentation.  

Two presentations are planned per session. The individual presentations should last 
around 30 Labaratory Notebook, followed by a 15-20 minute discussion round in which 

students learn to both ask and answer questions and critically examine the content 

presented. Students will also receive individual feedback from the lecturer after each 

presentation. In a second round of presentations, students can apply what they learned 

together with the feedback from the first presentation round and demonstrate their 

progress via the presentation of another publication. 

 

 

3 Learning Outcomes 

After completing the module, students know how to read, understand, and interpret 

scientific publications. As part of the module, they have the opportunity to practice the 

critical examination of data using examples taken from the field of immunology in a 

scientific environment. They furthermore gain the basic understanding to critically 

discuss and scientifically evaluate publications 



 

37 

 

4 Requirements for Participation 

 

5 Form of Examination 

Final Module Examination: 

•  Module Examination (Study Examination, Presentation,  Standard) 

6 Requirements on the Award of Credit Points 

Passing the exam. 

7 Grading 

Final Module Examination:  

•  Module Examination (Study Examination, Presentation, Weight: 100%, 

Standard) 

8 Usability of the Module 

M.Sc. Molecular and Cellular Biology 

M.Sc. Biomolecular Engineering 

M.Sc. Ecology and Biodiversity 

M.Sc. Synthetic Biology 

9 Literature 

Will be announced in the course. 

 

10 Comment 

The literature seminar is designed to be highly interactive; active student participation in 

the discussion sections and regular attendance are prerequisites for a successful seminar. 
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Module Description 

Module name 

Philosophy of Biology and Bioethics for Biologists 

Module 
no. 

10-22-

0219 

Credit Points 

5 CP 

Workload 

150 h 

Self-study 

105 h 

Duration 

1 Semester 

Frequency 

Every 2. 

semester 

Language of Instruction 

English 

Person responsible for the Module 

Prof. Dr. rer. nat. Andreas Jürgens 

1 Courses of the Module 

Course no.  Course name Workload (CP) Form of 
Teaching 

Contact 
Hours 
per 
Week 

10-23-0019-se Philosophy of Biology and 

Bioethics for Biologists - 

Seminar 

0 Seminar 1 

 

10-23-0019-vl Philosophy of Biology and 

Bioethics for Biologists - Lecture 

0 Lecture 2 

 

2 Study Content 

This module explores the fundamental philosophical questions underlying biological 
research and its applications. Students will gain critical thinking skills regarding core 

concepts in biology, such as evolution, natural selection, and the nature of life itself. The 

module will then delve into bioethics, examining the ethical implications of cutting-edge 

biological advancements. Course content: 

 

A) Philosophy of Biology: 

•Epistemology of Biology: How do we acquire biological knowledge? What are the 

limitations of scientific methods in biology? 

•Metaphysics of Biology: What is life? What are the defining characteristics of living 

organisms? 

•Philosophy of Evolution: Theories of evolution, natural selection, and their philosophical 
implications. 

•Scientific Explanation in Biology: Reductionism vs. holism in explaining biological 

phenomena. 

•Models and Theories in Biology: The role of models and theories in advancing biological 

understanding. 

B) Bioethics: 

•Ethical Principles in Biology: Applying ethical principles (e.g., autonomy, justice, 

beneficence) to biological research and applications. 

•Biotechnology and its Ethical Dilemmas: Genetically modified organisms, human 

enhancement technologies, and their ethical considerations. 
•Animal Ethics in Research: Ethical considerations of using animals in biological 

research. 

•Environmental Ethics and Conservation Biology: The intrinsic value of nature and the 

ethical implications of human impact on the environment. 

•Emerging Bioethical Issues: Exploring the ethical implications of new biological 

discoveries and technologies (e.g., CRISPR). 

C) Intersections of Philosophy and Biology: 
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•Philosophy of Mind and Consciousness: Can philosophical theories on consciousness 

explain the emergence of consciousness in biological systems? 

•Free Will and Determinism: Do biological systems have free will, or are all actions 
predetermined? 

•Philosophy of Science and Biology: Applying philosophical critiques of scientific 

methodology to the field of biology. 

Exercises  

Ethical Reasoning (Case Studies, Group Discussions): 

Students will apply ethical frameworks to a bioethical case study (e.g., gene editing, 

assisted reproductive technologies). Formulate a well-reasoned argument supporting a 

particular ethical position. 

Philosophy-Biology Integration (Problem-solving Exercises): 

Students will design a hypothetical research project in their field (molecular/cellular 

biology) and identify potential philosophical implications (e.g., reductionism when 
studying complex systems, ethical considerations with genetic engineering). 

Bioethical Applications (Scenario-based Role-playing): 

Students will participate in a scenario-based role-playing exercise simulating a bioethical 

debate. Defend a specific viewpoint related to a bioethical dilemma in their field (e.g., 

designer babies, CRISPR technology). 

 

3 Learning Outcomes 

By the end of this module, students will be able to: 

Knowledge and Understanding: 

•Demonstrate a critical understanding of fundamental philosophical questions in biology 

(e.g., nature of life, evolution, scientific explanation). 

•Explain the key concepts in bioethics and their application to contemporary biological 

advancements. 

•Identify and discuss the ethical principles (autonomy, justice, beneficence) relevant to 

biological research and applications. 

•Analyse the philosophical implications of new biological discoveries and technologies 

(e.g., CRISPR). 

 

Critical Thinking and Analysis: 

•Critically evaluate scientific claims and arguments in biology. 

•Identify and analyse the strengths and weaknesses of different philosophical approaches 

to biological phenomena (e.g., reductionism vs. holism). 

•Apply ethical principles to complex case studies in bioethics. 

•Formulate and defend well-reasoned arguments on philosophical and bioethical issues. 

Communication: 

•Effectively communicate complex philosophical and bioethical ideas in oral formats. 

•Participate in respectful and informed discussions on controversial topics in biology and 

bioethics. 

Additionally students will: 

•develop their research skills through critical analysis of scientific literature and case 

studies. 

•gain experience in collaborative work through group projects on bioethical issues. 

•should be able to develop and defend their own position on bioethical issues. 

Furthermore, they should understand  the importance of bioethics and ethics in general 
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for the civic, political, and cultural role of academics. 

4 Requirements for Participation 

 

5 Form of Examination 

Final Module Examination: 

•  Module Examination (Study Examination, Essay,  Standard) 

6 Requirements on the Award of Credit Points 

Passing the exam. 

7 Grading 

Final Module Examination:  

•  Module Examination (Study Examination, Essay, Weight: 100%, Standard) 

8 Usability of the Module 

M.Sc. Molecular and Cellular Biology 

M.Sc. Synthetic Biology 

9 Literature 

Journal Articles and book chapters on specific topics in philosophy of biology and 

bioethics (selected by instructor) 

 

10 Comment 
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Module Description 

Module name 

Peer Teaching and Mentoring 

Module 
no. 

10-22-

0024 

Credit Points 

5 CP 

Workload 

150 h 

Self-study 

90 h 

Duration 

1 Semester 

Frequency 

Every semester 

Language of Instruction 

English 

Person responsible for the Module 

Studiendekan*in des Fachbereichs 10 

1 Courses of the Module 

Course no.  Course name Workload (CP) Form of 
Teaching 

Contact 
Hours 
per 
Week 

10-22-0024-se Peer Teaching and Mentoring 0 Seminar 4 
 

2 Study Content 

Introduction to supervision and mentoring including providing feedback, effective 

communication, moderation and development of teams, challenges in mentoring and 

supervision.  

Supervision and support of small teams of students in one of the following courses 

• M.Sc. Molecular and Cellular Biology: project in the module “Getting Started in 

Molecular and Cellular Biology” and during the first semester of the study program  

• M.Sc. Synthetic Biology: project in the module “Getting Started in Synthetic Biology” 

and during the first semester of the study program  

• projects and practical courses in one of the 12 CP modules of the “Open Catalogue 

Master of Science Molecular and Cellular Biology” 

3 Learning Outcomes 

Following completion of the module, students will be able to:  

• reflect their role and responsibilities as a mentor and/or supervisor 

• formulating the rules and use of feedback 

• illustrate methods to resolve communication challenges 

• evaluate developmental processes in teams 

• recognize and name cultural differences and draw conclusions from them 

4 Requirements for Participation 

 

5 Form of Examination 

Course Examination: 

•  [10-22-0024-se] (Study Examination, Portfolio, pass/not passed) 

6 Requirements on the Award of Credit Points 

Passing the exam. Compulsory attendance in 75% of the seminar.  The seminar prepares 

students for their mentoring role and for supervising students in a practical course. For 

this purpose, a focus of the seminar is on simulations of critical situations in mentoring 
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and supervision which requires attendance. This also holds true for mentoring and 

supervision of mentees during the project. 

7 Grading 

Course  Examination:  

•  [10-22-0024-se] (Study Examination, Portfolio, Weight: 100%, Passed / Not 

Passed) 

8 Usability of the Module 

M.Sc. Molecular and Cellular Biology 

M.Sc. Ecology and Biodiversity 

M.Sc. Synthetic Biology 

9 Literature 

Will be announced in the course. 

 

10 Comment 
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Open Catalogue 
Master of Science 

Molecular and Cellular Biology  
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Module Description 

Module name 

Advanced Genetics – RNA and chromosome biology 

Module 
no. 

10-22-

0001 

Credit Points 

12 CP 

Workload 

360 h 

Self-study 

120 h 

Duration 

1 Semester 

Frequency 

Every 2. 

semester 

Language of Instruction 

English 

Person responsible for the Module 

Prof. Dr. Patrick Heun, Prof. Dr. rer. nat. Beatrix 

Süß 

1 Courses of the Module 

Course no.  Course name Workload (CP) Form of 
Teaching 

Contact 
Hours 
per 
Week 

10-22-0001-pr Advanced Genetics – RNA and 

chromosome biology – Lab 

Course 

0 Practical / 

Lab / 

Internship 

12 

 

10-22-0001-se Advanced Genetics – RNA and 

chromosome biology - Seminar 

0 Seminar 2 

 

10-22-0001-vl Advanced Genetics – RNA and 

chromosome biology - Lecture 

0 Lecture 2 

 

2 Study Content 

This course provides an advanced understanding of molecular genetics. The focus is on 

RNA biology, genome editing and centromere biology. Topics in detail: 

 

Lecture 

The first part of the lectures has RNA biology as main topic with a focus on based 

regulation of gene expression. In addition to an introduction into the basics of RNA 

structure and function and RNA based methods, the comparison of natural and synthetic 
RNA-based systems for regulated gene expression are discussed. Students are then 

further introduced to concepts of how RNA aptamers can be applied to conditionally 

control gene expression. The second part has genome editing and centromere biology as 

its main topic. It introduces different techniques to manipulate the genome with an 

emphasis on CRISPR-Cas9 based approaches. Students will further learn about general 

chromosome organization, epigenetics, and its importance in defining centromere 

identity. Different applications of genome editing, and synthetic biology techniques will 

be discussed in the context of ongoing research in the field of centromere biology.  

 

Practical course 

In part I of the practical course, “RNA-based gene regulation”, students learn cloning of 
conditional gene expression system with a special focus on aptamers and synthetic 

riboswitches. In addition, students will analyse RNA-ligand interaction using different 

genetic and biochemical methods. In part II of the practical course, “Genome editing 

using CRISPR-Cas9”, students learn the basic steps of gene editing from designing DNA 

constructs to introducing genome changes in Drosophila tissue culture cells and verify the 

successful genome editing by microscopy and polymerase chain reaction (PCR). Students 

will discuss and explain the experimental outcome as a team using a poster presentation. 
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Seminar 

In addition to the lecture, selected topics of basic molecular biology and molecular 

genetic technique such as purification, handling and modification of nucleic acid and 
proteins, transfection of expression constructs, transgenic organisms, synthetic biology, 

etc. will be discussed by the students and based on the students’ presentations using 

original literature. 

 

3 Learning Outcomes 

After completing the module, students can: 

•describe and compare the principles of RNA-based gene regulation. 

•describe and compare the principles of different gene editing tools. 

•understand and explain the basic concepts of RNA and chromosome biology. 

•apply all relevant steps of the techniques acquired in the practical course. 

•analyse, validate and interpret experimentally obtained data in a team. 

•communicate, discuss and explain used experiments, individually and in a team setting. 

4 Requirements for Participation 

 

 

5 Form of Examination 

Course Examination: 

•  [10-22-0001-pr] (Study Examination, Presentation,  Standard) 

•  [10-22-0001-vl] (Technical Examination, Written Exam, Duration 60 min, 

Standard) 

6 Requirements on the Award of Credit Points 

Passing the exams. 
Attendance at least 75 % of the internship. 

Compulsory attendance is required for the acquisition of the following competences:  

professional handling of scientific equipment, safe application of practical methods in the 

laboratory, evaluation, documentation and interpretation of experimentally obtained 

data, presentation of results. 

7 Grading 

Course Examination:  

•  [10-22-0001-pr] (Study Examination, Presentation, Weight: 50%, Standard) 

•  [10-22-0001-vl] (Technical Examination, Written Exam, Weight: 50%, Standard) 

8 Usability of the Module 

M.Sc. Molecular and Cellular Biology 

M.Sc. Biomolecular Engineering 

M.Sc. Ecology and Biodiversity 

M.Sc. Synthetic Biology 
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9 Literature 

Will be announced in the course. 

 

10 Comment 
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Module Description 

Module name 

Plant Metabolic Engineering 

Module 
no. 

10-22-

0002 

Credit Points 

12 CP 

Workload 

360 h 

Self-study 

120 h 

Duration 

1 Semester 

Frequency 

Every 2. 

semester 

Language of Instruction 

English 

Person responsible for the Module 

Prof. Dr. Heribert Warzecha 

1 Courses of the Module 

Course no.  Course name Workload (CP) Form of 
Teaching 

Contact 
Hours 
per 
Week 

10-22-0002-pr Plant Metabolic Engineering - 

Lab course 

0 Practical / 

Lab / 

Internship 

14 

 

10-22-0002-vl Plant Metabolic Engineering - 

Lectures 

0 Lecture 2 

 

2 Study Content 

Lecture: 
Plants produce a plethora of low molecular weight compounds with highly diverse 

functionalities (e.g. alkaloids, flavonoids, or terpenes). They are of tremendous 

importance for us since very often they have a pronounced pharmacological activity or 

they can be used as flavours, fragrances or basic chemicals. 

Within this lecture, the biosynthetic routes of the different compound classes will be 

discussed. Also, distribution within the plant kingdom as well as function will be covered.  

Moreover, use of secondary metabolites in medicine and technology will be presented 

and the pharmacology of selected compound classes discussed. Finally, concepts of 

metabolic engineering and synthetic biology for the production and modification of plant-

derived compounds will be introduced.  

Practical course:  
Participants will form a team and work on a current topic of metabolic engineering in 

plants.  

Content: Cloning of biosynthetic genes of plant secondary metabolism. Design and use of 

standardized modular cloning methods. Stable and transient transformation of different 

plant species. Extraction of metabolites and identification of different metabolite classes. 

Application of analytic methods like TLC, HPLC and HPLC-MS. Transformation (stable 

and transient) of various plant species. The results will be documented in form of a 

publication. 

 

3 Learning Outcomes 

After completing the module, students can: 

Lecture 

•Recognize and differentiate biosynthetic pathways from plants and group substances 

into classes according to their building blocks. 

•Develop strategies for the elucidation of biosynthetic pathways as well as for metabolic 
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engineering. 

•Evaluate the use of natural products due to their physicochemical properties. 

•Evaluate the risk of adverse effects of natural medicines and drugs. 

 

Practical courses 

•Develop a hypothesis and structure and organize lab-work in small groups. 

•Independently design in-silico expression vectors for plant transformation. 

•Apply various transformation methods and analyse and interpret experimentally 

collected data (e.g. HPLC and HPLC-MS-spectra, DNA- and RNA analysis). 

•Interpret published scientific results in the field of metabolic engineering. 

•effectively communicate complex topics in plant physiology and phytochemistry in 

written format. 

4 Requirements for Participation 

 

5 Form of Examination 

Course Examination: 

•  [10-22-0002-pr] (Study Examination, Essay,  Standard) 

•  [10-22-0002-vl] (Technical Examination, oral Examination, Duration 20 min, 

Standard) 

6 Requirements on the Award of Credit Points 

Passing the exam. 

Attendance at least 75 % of the internship. 

Compulsory attendance is required for the acquisition of the following competences:  

professional handling of scientific equipment, safe application of practical methods in the 

laboratory, evaluation, documentation and interpretation of experimentally obtained 

data, presentation of results. 

7 Grading 

Course Examination:  

•  [10-22-0002-pr] (Study Examination, Essay, Weight: 50%, Standard) 

•  [10-22-0002-vl] (Technical Examination, oral Examination, Weight: 50%, 

Standard) 

8 Usability of the Module 

M.Sc. Molecular and Cellular Biology 

M.Sc. Biomolecular Engineering 

M.Sc. Ecology and Biodiversity 

M.Sc. Synthetic Biology 

9 Literature 

Current primary literature 

 

Paul Dewick - Medicinal Natural Products. Wiley  
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ISBN 978-0-470-74168-9 

Samuelsson, Bohlin – Drugs of Natural Origin.   

ISBN 978-91-976510-5-9 

 

10 Comment 
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Module Description 

Module name 

Engineering Microbes 

Module 
no. 

10-22-

0003 

Credit Points 

12 CP 

Workload 

360 h 

Self-study 

120 h 

Duration 

1 Semester 

Frequency 

Every 2. 

semester 

Language of Instruction 

English 

Person responsible for the Module 

Prof. Dr. Jörg Simon, Prof. Dr. rer. nat. Torsten 

Waldminghaus 

1 Courses of the Module 

Course no.  Course name Workload (CP) Form of 
Teaching 

Contact 
Hours 
per 
Week 

10-22-0003-pr Engineering Microbes - Lab 

Course 

0 Practical / 

Lab / 

Internship 

12 

 

10-22-0003-se Engineering Microbes - Seminar 0 Seminar 2 
 

10-22-0003-vl Engineering Microbes  - Lecture 0 Lecture 2 
 

2 Study Content 

Lecture: 

- Aspects of current microbiological research  

- Genetic Engineering of Microorganisms 

- Metabolic Engineering of Microorganims 

- Quantitative methods to study and engineer bacterial cell biology and (energy) 

metabolism 

- Designing and using microorganisms for industrial applications 

 

Seminar: 
Selected current original literature will be studied by the students in group work and 

presented and discussed in the form of an oral presentation. The results of the practical 

experiments are also prepared and presented in the presentations. The seminar serves to 

improve presentation techniques. 

 

Practical course:  

Students will work in small groups on research-related projects in the fields like microbial 

bioenergetics, microbial energy conversion, synthetic microbiology and bacterial cell 

biology. 

Exemplary contents are: Safe handling of non-standard microorganisms; production of 
plasmids and genetically modified microorganisms; small to medium scale 

biotechnological protein production and purification; elucidation of the function of 

genetic elements and proteins using molecular genetic, biochemical and immunological 

methods. Light and fluorescence microscopy methods are used for the analysis of 

intracellular structures. 

The results of the lab work will be presented, discussed and documented in writing. 
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3 Learning Outcomes 

After completing the module, students will be able to: 

- address current issues in problem-driven microbiological research in a targeted manner 

using molecular genetics, biochemical and physiological methods. 

- independently develop strategies in practical laboratory work. 

- present and discuss the results. 

- document the results in written form. 

4 Requirements for Participation 

 

5 Form of Examination 

Course Examination: 

•  [10-22-0003-pr] (Study Examination, Minutes/(laboratory) notebook,  Standard) 

• [10-22-0001-vl] (Technical Examination, Written Exam, Duration 60 min, 

Standard) 

6 Requirements on the Award of Credit Points 

Passing the exam. 

Attendance at least 75 % of the internship. 
Compulsory attendance is required for the acquisition of the following competences:  

professional handling of scientific equipment, safe application of practical methods in the 

laboratory, evaluation, documentation and interpretation of experimentally obtained 

data, presentation of results. 

7 Grading 

Course Examination:  

•  [10-22-0003-pr] (Study Examination, Minutes/(laboratory) notebook, Weight: 

50%, Standard) 

• [10-22-0001-vl] (Technical Examination, Written Exam, Weight: 50%, Standard) 

8 Usability of the Module 

M.Sc. Molecular and Cellular Biology 

M.Sc. Biomolecular Engineering 

M.Sc. Ecology and Biodiversity 

M.Sc. Synthetic Biology 

9 Literature 

Will be announced in the course. 

 

10 Comment 
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Module Description 

Module name 

Biomolecular Design 

Module 
no. 

10-22-

0005 

Credit Points 

12 CP 

Workload 

360 h 

Self-study 

180 h 

Duration 

1 Semester 

Frequency 

Every 2. 

semester 

Language of Instruction 

English 

Person responsible for the Module 

Prof. Dr. rer. nat. Kay Hamacher, Prof. Dr. rer. 

nat. Katja Schmitz 

1 Courses of the Module 

Course no.  Course name Workload (CP) Form of 
Teaching 

Contact 
Hours 
per 
Week 

10-22-0005-pr Biomolecular Design - Lab 

Course 

0 Practical / 

Lab / 

Internship 

8 

 

10-22-0005-ue Biomolecular Design - Exercise 0 Exercise 2 
 

10-22-0005-vl Biomolecular Design - Lecture 0 Lecture 2 
 

2 Study Content 

Lecture: 

Basics of the statistical mechanics of biomolecular systems (protein folding/stability, 

molecular binding, mathematical evolutionary models). State-of-the-art programming 

techniques/languages will be introduced (Julia, R, C++). 

Simulation methods and in silico design procedures will also be taught. 

Exercise: repetition and contextualization of the lecture 

Practical Course: 

Based on examples of ongoing biomolecular research, the techniques and models 

introduced in the lecture will be applied. If possible, experimental lab time will be spent 
to evaluate theoretical predictions. To strengthen the research orientation of this module, 

the requirements of the practical course can be fulfilled by project work. 

 

3 Learning Outcomes 

•Understanding of mathematical methods and simulation techniques, as well as their 

physical and chemical basis 

•Competence to apply standard programs like molecular dynamics simulations, 

molecular docking, 3D-structure modeling 

•Evaluate and understand interfaces and data dependencies between different software 

packages and mathematical/physical models 

•Ability to automatize data analysis tasks 

•Ability to design experiments to confirm theoretical predictions and to evaluate 

experimental data accordingly. 

4 Requirements for Participation 
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5 Form of Examination 

Final Module Examination: 

•  Module Examination (Technical Examination, Portfolio,  Standard) 

6 Requirements on the Award of Credit Points 

Passing the exam. 

Attendance at least 75 % of the internship. 

Compulsory attendance is required for the acquisition of the following competences:  

professional handling of scientific equipment, safe application of practical methods in the 
laboratory, evaluation, documentation and interpretation of experimentally obtained 

data, presentation of results. 

7 Grading 

Final Module Examination:  

•  Module Examination (Technical Examination, Portfolio, Weight: 100%, 

Standard) 

8 Usability of the Module 

M.Sc. Molecular and Cellular Biology 

M.Sc. Synthetic Biology 

M.Sc. Biomolecular Design 

M.Sc. Ecology and Biodiversity 

9 Literature 

Will be announced in the course. 

 

10 Comment 
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Module Description 

Module name 

DNA repair and damage response 

Module 
no. 

10-22-

0007 

Credit Points 

12 CP 

Workload 

360 h 

Self-study 

120 h 

Duration 

1 Semester 

Frequency 

Every 2. 

semester 

Language of Instruction 

English 

Person responsible for the Module 

Prof. Dr. Markus Löbrich, Prof. Dr. rer. nat. 

Alexander Löwer 

1 Courses of the Module 

Course no.  Course name Workload (CP) Form of 
Teaching 

Contact 
Hours 
per 
Week 

10-22-0007-pr DNA repair and damage 

response – Lab course 

0 Practical / 

Lab / 

Internship 

12 

 

10-22-0007-se DNA repair and damage 

response - Seminar 

0 Seminar 2 

 

10-22-0007-vl DNA repair and damage 

response – Lecture 

0 Lecture 2 

 

2 Study Content 

DNA repair and damage response – lecture 

In the lecture, the response to DNA double strand breaks (DSB) serves as a paradigm to 

illustrate modern, state-of-the-art research in molecular and cellular biology. We will 

highlight how basic principles of biochemistry, molecular and cellular biology play 

together to enable complex regulatory processes inside cells. Furthermore, we provide in-

depth knowledge of the molecular mechanisms mediating the cellular response to and 

the repair of DNA damage, present the current state of the research field and introduce 
relevant research methodology. Specific topics include for example: 

-Recognition of DSB 

-Repair of DSB by resection-dependent and independent non-homologous end joining 

-The importance of homology-dependent repair and its sub-pathways for genome stability 

-Regulation of microhomology-mediated end joining 

-Coordination of cell cycle and DSB repair 

-DSB repair during development and its consequences for genome stability 

-Regulation of the DNA damage response by the tumor suppressor p53 

-Investigating the p53 network through live-cell microscopy and mathematical modeling 

-Stimulus- and state-specific dynamics and functions of the p53 pathway in individual 

cells 
-Regulation of target gene expression by p53 

-Principles of cell cycle regulation and p53-dependent and -independent activation of 

checkpoints 

-Senescence and apoptosis as terminal cell fates upon DNA damage induction 

 

DNA repair and damage response – seminar 

In the seminar, students will research relevant literature in the field, discuss and present 

recent publications and engage in project planning and management. This takes place for 
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example in the context of simulated research proposals. 

 

DNA repair and damage response – lab course 
In the lab course, students will design and implement experiments in small groups using 

state-of-the-art methods in molecular and cell biology. Topics are related to current 

research in the Löbrich and Löwer labs. Methods include for example: 

-Cell biological methods to monitor DNA damage and repair 

-Biochemical methods for analyzing the interaction of proteins 

-Expression of proteins in mammalian cells 

-Genetic and pharmacological perturbation of cellular pathways 

-Cell cycle measurements using flow cytometry and microscopy, 

-Investigation of cellular processes using live-cell imaging 

-Systems biology studies of signaling pathways 

-Computer-aided image analysis 
-Data analysis and presentation 

-Data management including the use of electronic notebooks 

3 Learning Outcomes 

Upon completion of this module, students will be able to: 

-Differentiate the molecular mechanisms of DSB repair and explain the underlying 

principles 

-Describe the molecular networks mediating the DNA damage response and explore their 

dynamics 

-Formulate new hypotheses about molecular mechanisms 

-Select appropriate methods for hypothesis testing and plan corresponding experiments 

-Analyze, present and manage quantitative data  

-Apply knowledge to new, previously unknown problems in molecular and cellular 

biology 

4 Requirements for Participation 

 

5 Form of Examination 

Course Examination: 

•  [10-22-0007-vl] (Technical Examination, Written Exam, Duration 60 min, 

Standard) 

•  [10-22-0007-pr] (Study Examination, Portfolio,  Standard) 

6 Requirements on the Award of Credit Points 

Passing the exam. 

Attendance at least 75 % of the internship. 

Compulsory attendance is required for the acquisition of the following competences:  

professional handling of scientific equipment, safe application of practical methods in the 

laboratory, evaluation, documentation and interpretation of experimentally obtained 

data, presentation of results. 

7 Grading 

Course Examination:  
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•  [10-22-0007-vl] (Technical Examination, Written Exam, Weight: 50%, Standard) 

•  [10-22-0007-pr] (Study Examination, Portfolio, Weight: 50%, Standard) 

8 Usability of the Module 

M.Sc. Molecular and Cellular Biology 

M.Sc. Biomolecular Engineering 

M.Sc. Ecology and Biodiversity 

M.Sc. Synthetic Biology 

9 Literature 

Will be announced in the course. 

 

10 Comment 
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Module Description 

Module name 

Radiation Biophysics 

Module 
no. 

10-22-

0008 

Credit Points 

12 CP 

Workload 

360 h 

Self-study 

120 h 

Duration 

1 Semester 

Frequency 

Every 2. 

semester 

Language of Instruction 

English 

Person responsible for the Module 

Honorarprof. Dr. Burkhard Jakob 

1 Courses of the Module 

Course no.  Course name Workload (CP) Form of 
Teaching 

Contact 
Hours 
per 
Week 

10-22-0008-pr Radiation Physics - Lab Course 0 Practical / 

Lab / 

Internship 

12 

 

10-22-0008-vl Radiation Biophysics - Lectures 0 Lecture 2 
 

10-22-2008-pr Radiation Physics - Lab Course 0 Practical / 

Lab / 

Internship 

2 

 

2 Study Content 

Lecture: 

Fundamentals and new aspects of radiobiological research are presented and categorised 

with regard to the influence of radiation quality.  

The focus is on:  

•physical principles of radiation biophysics 

•dosimetry of ionizing radiation including ion beams 

•radiation biology (molecular and cellular reactions to DNA damage, especially complex 

lesions) 
•principles  and use of advanced microscopy in radiation research 

•radiation effects in tissue 

•fundamentals of radiotherapy 

•space radiation 

 

Practical course in physics: 

In addition to the accompanying lectures, students will learn how to use typical devices 

(such as detectors, cloud chamber), create and evaluate measurements and gain a 

conceptual understanding of physical processes. 

Exemplary contents are 

•Spectroscopic and range measurements of a-particles (Bragg-Peak) 
•Measurement and evaluation of the dose-response relationships (cell survival) 

•Evaluation of cloud chamber images to develop a feeling for measured variables and 

accuracy 

•Experiments on dosimetry and attenuation of X-rays and particle radiation 

•Logging and error calculation 

 

Practical course in radiation biophysics: 

Students work in small groups on current, research-related projects in the biological 
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groups of the biophysics department at GSI. Potential fields are DNA repair, cellular and 

genetic effects of radiation, the influence of radiation on inflammation and 

differentiation, organoids as a model system, space and clinical radiation biology. 
•Research into current aspects of the radiation response using molecular genetic, 

biochemical and or immunological methods. Depending on the project, these include 

confocal laser scanning, advanced live cell microscopy methods, flow cytometry or other 

devices in radiation research. 

•Safe sterile working with mammalian cell cultures, organoids and tissue sections 

•Evaluation of radiation-induced effects at molecular, chromosomal, cellular or tissue 

level 

The results of the practical course will be presented and discussed in a presentation as 

well as summarized in the style of a short publication. 

 

3 Learning Outcomes 

After completing the module, students will be able to: 

•understand the physical principles of ionizing radiation and its interaction with matter 

and to transfer these to radiobiological effects 

•perform and apply classical methods of radiobiology  

•understand basic concepts of radiation protection and dosimetry 

•use modern molecular biology methods in combination with technical equipment for 

addressing question in radiation biophysics 

•plan and carry out experiments on radiobiological issues and analyze them 

•record, present and discuss practical results 

4 Requirements for Participation 

Comprehensive knowledge of cell biology and basic knowledge of physics and radiation 

bi-ology are recommended. 

5 Form of Examination 

Final Module Examination: 

•  Module Examination (Study Examination, Portfolio,  Standard) 

Course Examination: 

•  [10-22-0008-vl] (Technical Examination, Written Exam, Duration 90 min, 

Standard) 

6 Requirements on the Award of Credit Points 

Passing the exam. 

Attendance at least 75 % of the internship. 

Compulsory attendance is required for the acquisition of the following competences:  

professional handling of scientific equipment, safe application of practical methods in the 

laboratory, evaluation, documentation and interpretation of experimentally obtained 

data, presentation of results. 

7 Grading 

Final Module Examination:  

•  Module Examination (Study Examination, Portfolio, Weight: 50%, Standard) 
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Course Examination:  

•  [10-22-0008-vl] (Technical Examination, Written Exam, Weight: 50%, Standard) 

8 Usability of the Module 

M.Sc. Molecular and Cellular Biology 
M.Sc. Biomolecular Engineering 

M.Sc. Ecology and Biodiversity 

M.Sc. Synthetic Biology 

9 Literature 

Hall, E. J.,  Giaccia, A. J. (2011): Radiobiology for the Radiologist. Lippincott, Williams  

Wilkins. 

Alpen, E. L. (2013):  Radiation Biophysics, Academic Press 

Baatout, S. (2023):  Radiobiology Textbook, Springer 

 

10 Comment 

Takes place at the GSI Helmholtzcentre for Heavy-Ion Research, Darmstadt,  

Department of Biophysics 
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Module Description 

Module name 

Stem Cell Biology 

Module 
no. 

10-22-

0009 

Credit Points 

12 CP 

Workload 

360 h 

Self-study 

120 h 

Duration 

1 Semester 

Frequency 

Every 2. 

semester 

Language of Instruction 

English 

Person responsible for the Module 

Prof. Dr. Ulrike Nuber 

1 Courses of the Module 

Course no.  Course name Workload (CP) Form of 
Teaching 

Contact 
Hours 
per 
Week 

10-22-0009-pr Stem Cell Biology - Lab course 0 Practical / 

Lab / 

Internship 

8 

 

10-22-0009-se Stem Cell Biology - Seminar 0 Seminar 3 
 

10-22-0009-vl Stem Cell Biology - Lecture 0 Lecture 5 
 

2 Study Content 

The lectures provide basic and advanced knowledge of the biology and biomedical 

applications of stem cells. The focus is on vertebrate stem cells, in particular human ones. 

Neural, hematopoietic, cancer and pluripotent stem cells are included. In addition to 

biological concepts, methods to analyse, isolate, and culture stem cells are conveyed. 

Other contents are basic intellectual property concepts such as patenting.    

 

In the team work and presentation part, students work together in small groups to 

develop and present an experimental plan on a specific project that will be conducted in 

the practical course. They can choose one of several projects assigned to the practical 

course. Other contents of the team work part include reading, interpreting, and 
presenting scientific literature or patent publications. 

 

In the practical course, students conduct a scientific project that they have chosen.  

Project results are presented at the end of the course. 

 

3 Learning Outcomes 

By the end of this module, students will be able to: 

•Understand and explain basic and advanced concepts in stem cell biology and respective 

biomedical applications including current limitations in the human stem cell field. They 

will understand basic intellectual property concepts such as patenting and are able to 

interpret basic patent contents.  

•Critically scrutinize / evaluate and explain scientific publications and patents. 

•Transfer knowledge about stem cell concepts and cell- and molecular biology methods 

in the stem cell field to develop an experimental plan with the aim of testing specific 

hypothesis through practical experiments. 

•Understand, apply, document, and explain experimental methods in the stem cell field.  
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•Evaluate data, interpret results and perform systematic error analyses. 

4 Requirements for Participation 

 

5 Form of Examination 

Course Examination: 

•  [10-22-0009-pr] (Study Examination, Presentation,  Standard) 

•  [10-22-0009-vl] (Technical Examination, Written Exam, Duration 60 min, 

Standard) 

6 Requirements on the Award of Credit Points 

Passing the exam. 

Attendance at least 75 % of the internship. 

Compulsory attendance is required for the acquisition of the following competences:  

professional handling of scientific equipment, safe application of practical methods in the 

laboratory, evaluation, documentation and interpretation of experimentally obtained 

data, presentation of results. 

7 Grading 

Course Examination:  

•  [10-22-0009-pr] (Study Examination, Presentation, Weight: 50%, Standard) 

•  [10-22-0009-vl] (Technical Examination, Written Exam, Weight: 50%, Standard) 

8 Usability of the Module 

M.Sc. Molecular and Cellular Biology 

M.Sc. Biomolecular Engineering 

M.Sc. Ecology and Biodiversity 

M.Sc. Synthetic Biology 

9 Literature 

Will be announced in the course. 

 

10 Comment 
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Module Description 

Module name 

Epigenetic engineering 

Module 
no. 

10-22-

0010 

Credit Points 

12 CP 

Workload 

360 h 

Self-study 

120 h 

Duration 

1 Semester 

Frequency 

Every 2. 

semester 

Language of Instruction 

English 

Person responsible for the Module 

Prof. Dr. Cristina Cardoso 

1 Courses of the Module 

Course no.  Course name Workload (CP) Form of 
Teaching 

Contact 
Hours 
per 
Week 

10-22-0010-pr Epigenetic engineering - Lab 

course 

0 Practical / 

Lab / 

Internship 

13 

 

10-22-0010-se Epigenetic engineering - 

Seminar 

0 Seminar 1 

 

10-22-0010-vl Epigenetic engineering - Lecture 0 Lecture 2 
 

2 Study Content 

Lecture: The lecture is based on research publications on cell biology of the epigenome. 

In particular, the following topics are presented and discussed: cell nucleus structure and 

function; replication of the (epi)genome; cellular reprogramming and 

(trans)differentiation, epigenetics and chromatin, (epi)genetic engineering. These are 

completed by (audio-visual) tutorials on methods in molecular cell biology and 

epigenetics as well as computational analysis tools. 

 

Project: On these topics, project ideas are planned for practical execution in the 

laboratory. The project outcome is presented and discussed at the end of the module in 

the form of a poster and/or oral presentation. 

 

Practical Lab Course  

Groups develop their own projects and pursued in the following weeks. The projects are 

within the field of (epi)genetic engineering using stem cells, cancer cells or differentiated 

cells and focus, e.g., on the following methods:  

•Application of biological databases and bioinformatic analysis 

•Development of automated image analysis pipelines 

•Design/generation of mammalian expression vectors 

•Gene expression analyses 

•Domain mapping of chromatin factors  

•In vitro protein-protein interactions (Co-immunoprecipitation)  

•In vivo protein-protein interactions (Mammalian Three-Hybrid Assay)  

•Protein-DNA/RNA interactions 

•Protein dynamics (FRAP, …) 

•Cell culture and differentiation 
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•Transient and stable transfection of mammalian cells and reporter cell lines 

•FISH, Immunofluorescence and live cell microscopy 

•Flow cytometric analyses 

3 Learning Outcomes 

After attending the lecture, students will be able to...: 

•understand and summarize the mechanism of cell proliferation, differentiation and 

epigenetics. 

•understand and explain the relevance of maintaining as well as changing the epigenetic 

landscape in (stem) cell differentiation, reprogramming and in disease. 

•establish well-founded connections between cell biology questions and methodological 

approaches. 

After participating in the project development, students will be able to...: 

•design a scientific project.  

•collaborate in a team to address a scientific question, and plan and distribute tasks. 

•present and discuss the outcome of the team‘s project. 

After participating in the practical part, students will be able to...: 

•to pursue a scientific question together in a team and work on it synergistically. 

•safely manage materials and instruments in the lab. 

•cross-evaluate the projects and protocols and give/receive constructive feedback. 

•document the experiments and structure and evaluate results (data management). 

•discuss the results with peers and supervisors. 

•critically evaluate experiments, analyze and interpret the data and draw conclusions.  

•independently design follow-up experiments based on the results (project perspectives) 

4 Requirements for Participation 

 

5 Form of Examination 

Course Examination: 

•  [10-22-0010-vl] (Technical Examination, Written Exam, Duration 60 min, 

Standard) 

•  [10-22-0010-pr] (Study Examination, Portfolio,  Standard) 

6 Requirements on the Award of Credit Points 

Passing the exam. 

Attendance at least 75 % of the internship. 

Compulsory attendance is required for the acquisition of the following competences:  

professional handling of scientific equipment, safe application of practical methods in the 

laboratory, evaluation, documentation and interpretation of experimentally obtained 

data, presentation of results. 

7 Grading 

Course Examination:  

•  [10-22-0010-vl] (Technical Examination, Written Exam, Weight: 50%, Standard) 
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•  [10-22-0010-pr] (Study Examination, Portfolio, Weight: 50%, Standard) 

8 Usability of the Module 

M.Sc. Molecular and Cellular Biology 

M.Sc. Biomolecular Engineering 

M.Sc. Ecology and Biodiversity 

M.Sc. Synthetic Biology 

9 Literature 

General cell biology text books, e.g.:  

•Alberts, Molecular Biology of the Cell  

•Lodish, Molecular Cell Biology  

•Pollard and Earnshaw, Cell Biology  

Epigenetics text books, e.g.: 

•Allis et al; Epigenetics  

•Misteli and Spector; The Nucleus  

•Cook; Principles of Nuclear Structure and Function 

Internet material: 
•Databases (http://www.ncbi.nlm.nih.gov/sites/entrez; www.ensembl.org) 

•Light Microscopy http://www.microscopy.fsu.edu/primer/index.html 

•Scientific articles (research articles and reviews) 

•AI tools 

 

10 Comment 
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Module Description 

Module name 

Neurobiology 

Module 
no. 

10-22-

0011 

Credit Points 

12 CP 

Workload 

360 h 

Self-study 

120 h 

Duration 

1 Semester 

Frequency 

Every 2. 

semester 

Language of Instruction 

English 

Person responsible for the Module 

Prof. Dr.med. Ralf Galuske, Prof. Dr. phil. nat. 

Bodo Laube 

1 Courses of the Module 

Course no.  Course name Workload (CP) Form of 
Teaching 

Contact 
Hours 
per 
Week 

10-22-0011-pr Neurobiology - Lab course 0 Practical / 

Lab / 

Internship 

13 

 

10-22-0011-se Neurobiology - Seminar 0 Seminar 1 
 

10-22-0011-vl Neurobiology - Lecture 0 Lecture 2 
 

2 Study Content 

-Structure and function of neurons and neuronal tissues 

-Basic neuroanatomy of the mammalian CNS 

-Structure and function of different sensory and motor systems in the mammalian CNS 

-Advanced methods in neuroanatomy and neurophysiology 

 

3 Learning Outcomes 

The students are able to: 

... understand the basics of molecular, cellular and systems neurobiology 

… understand the functional basis of interactions in the processing of sensory 

information 

... independently review the recent literature provided on these subject areas and 

evaluate its relevance 

...apply selected neuroanatomical and neurophysiological methods and equipment in 

small groups  

... work together in small groups to develop computational tools to analyze neuronal data 

...discuss scientifically in small groups and evaluate experimental results 

... present the results in a protocol based on the form of a scientific paper and finalise this 

in a small group 

4 Requirements for Participation 

 

5 Form of Examination 

Course Examination: 
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•  [10-22-0011-pr] (Study Examination, Minutes/(laboratory) notebook,  Standard) 

•  [10-22-0011-vl] (Technical Examination, oral Examination, Duration 20 min, 

Standard) 

6 Requirements on the Award of Credit Points 

Passing the exams. 

Attendance at least 75 % of the internship. 

Compulsory attendance is required for the acquisition of the following competences:  

professional handling of scientific equipment, safe application of practical methods in the 
laboratory, evaluation, documentation and interpretation of experimentally obtained 

data, presentation of results. 

7 Grading 

Course Examination:  

•  [10-22-0011-pr] (Study Examination, Minutes/(laboratory) notebook, Weight: 

50%, Standard) 

•  [10-22-0011-vl] (Technical Examination, oral Examination, Weight: 50%, 

Standard) 

8 Usability of the Module 

M.Sc. Molecular and Cellular Biology 

M.Sc. Biomolecular Engineering 

M.Sc. Ecology and Biodiversity 

M.Sc. Synthetic Biology 

9 Literature 

Will be announced in the course. 

 

 

10 Comment 
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Module Description 

Module name 

Immunology 

Module 
no. 

10-22-

0013 

Credit Points 

12 CP 

Workload 

360 h 

Self-study 

300 h 

Duration 

1 Semester 

Frequency 

Every 2. 

semester 

Language of Instruction 

English 

Person responsible for the Module 

PD Dr. Stefan Schülke, Dr. Martina Anzaghe 

1 Courses of the Module 

Course no.  Course name Workload (CP) Form of 
Teaching 

Contact 
Hours 
per 
Week 

10-22-0013-se Scientific Illustration - Seminar 0 Seminar 2 
 

10-22-0013-vl Immunology - Lecture 0 Lecture 2 
 

2 Study Content 

Lecture Series Immunology: 

The module is designed to provide a comprehensive introduction into the field of 

immunology followed up by lectures on applied immunological topics such as 
vaccination, biopharmaceutics, and clinical studies. Furthermore, the students will 

explore the principles of immune pathological reactions and the currently available 

treatment options. The seminar will teach students the conceptual and technological 

skills to generate their own, high-quality scientific illustrations.  

The function of our immune system is to protect us from different pathogens and toxins 

as well as cancer. During the last 150 years advances in immunology have revolutionized 

our understanding of the cellular and molecular mechanisms underlying these immune 

responses. 

The module will explain the basics in immunology, including the composition of the 

immune system, its cells and effector mechanisms, how we tolerate our own cells and 

tissues, the formation of memory responses, and trained immunity. Students will also be 
introduced to the basics of infection, and how pathogens are able to evade our immune 

system using examples of some of the most common, successful, and deadly pathogens.  

Immunological knowledge has also become indispensable in the generation and 

evaluation of biopharmaceuticals. The students will learn how biopharmaceuticals are 

developed, which severe side effects can result from the application of 

biopharmaceuticals, uncover treatment options for rare diseases such as hemophilia A, 

and are introduced into the field of vaccination. Here, participants will get an overview 

about historical facts, standard vaccination methods, and novel vaccination strategies 

using latest updates from the literature as examples. 

 

Scientific Illustration Seminar: 
In the accompanying seminar, the students will learn to conceptually design and 

technically produce their own scientific infographics using different graphic design 

programs (commercial and cost-free alternatives available for both Mac, PC, Linux, and 

mobile operations systems).  

3 Learning Outcomes 

After successfully completing the module, the students will be able to: 
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•Explain the basic principles of immunology, including the mechanisms underlying the 

innate and adaptive immune system 

•Understand the basic concepts of more complex immunological topics like tolerance, 

infection, and cancer 

•Understand current biomedical research and difficulties regarding the development of 

biopharmaceuticals and discuss about topics such as the development of novel 

vaccination strategies in a scientific context 

•Understand under which circumstances and by which mechanisms the actions of our 

immune system can cause diseases 

•Reflect (I) which strategies are currently used for the treatment of pathological immune 

reactions and (II) what their advantages and disadvantages are 

•Understand the research questions currently worked on by the lecturers and have a 

general understanding of the complexity of immunological research 

•Have the technical and conceptual understanding of how to design their own graphics 

to transport complex scientific problems in simple pictures 

4 Requirements for Participation 

 

5 Form of Examination 

Course Examination: 

•  [10-22-0013-vl] (Technical Examination, Written Exam, Duration 60 min, 

Standard) 

•  [10-22-0013-se] (Study Examination, Homework Assignment,  Standard) 

6 Requirements on the Award of Credit Points 

 

7 Grading 

Course Examination:  

•  [10-22-0013-vl] (Technical Examination, Written Exam, Weight: 66%, Standard) 

•  [10-22-0013-se] (Study Examination, Homework Assignment, Weight: 33%, 

Standard) 

8 Usability of the Module 

M.Sc. Molecular and Cellular Biology 

M.Sc. Biomolecular Engineering 
M.Sc. Ecology and Biodiversity 

M.Sc. Synthetic Biology 

9 Literature 

Janeway´s Immunobiology, Taylor  Francis Ltd.; Auflage: 9th revised edition, ISBN-10: 

0815345518 

 

A script covering the lecture part will be supplied at the beginning of the module 
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10 Comment 
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Module Description 

Module name 

Applied Biochemistry 

Module 
no. 

07-07-

0312 

Credit Points 

12 CP 

Workload 

360 h 

Self-study 

45 h 

Duration 

1 Semester 

Frequency 

Every 2. 

semester 

Language of Instruction 

English 

Person responsible for the Module 

Prof. Dr. Felix Hausch 

1 Courses of the Module 

Course no.  Course name Workload (CP) Form of 
Teaching 

Contact 
Hours 
per 
Week 

 

07-07-0312-pr Applied Biochemistry - Lab 

Course 

0 Practical / 

Lab / 

Internship 

18 

 

07-07-0312-ue Applied Biochemistry - Exercise 0 Exercise 1 
 

07-07-0312-vl Applied Biochemistry - Lecture 0 Lecture 2 
 

2 Study Content 

Lecture: 

The following aspects of applied biochemistry are covered, each focussing on one of the 

following topics: Macromolecular Biochemistry, Protein Design, Protein Engineering, 

Chemical Biology, Physical Biochemistry and Biochemical Analysis, Antibody Technology, 

Viruses, Membrane Biochemistry, Human Physiology and Anatomy, Pathobiochemistry, 

Molecular medicine, Industrial Biotechnology. 

Exercise: 

In the exercise, the lecture content is deepened based on current examples and 

application tasks. 

Practical course: 

As part of the three practical blocks, the basic working techniques of the three 
biochemistry working groups are conveyed. These include 

- Generation of peptides and proteins with new properties using genetic and chemical 

techniques 

- Purification, modification and characterization of biological macromolecules. 

- Biochemical protein analysis and measurement of affinity and biological activity of 

selected biological macromolecules in vitro and in the overall cellular context. 

The students record their experimental set-up and their experimental results in a digital 

medium (Moodle, digital laboratory book of the TU) and analyze their data 

independently using statistical methods if necessary. 

3 Learning Outcomes 

Students who have successfully completed the module have an overview of current 

methods and topics in applied biochemistry. They are able to 

- accurately describe procedures for isolating and analyzing biomacromolecules and their 

physico-chemical basis and correctly use the technical vocabulary. 

- isolate, modify and characterize biological macromolecules using selected methods. 
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- recognize sources of error and limitations in biochemical experiments and take them 

into account when planning and evaluating experimental projects 

- analyze biochemical measurement data qualitatively and quantitatively, present them in 

an appropriate form, interpret them meaningfully and discuss them critically. 

- assess the efficiency of methods for the isolation, characterization and quantification of 

biomacromolecules. 

- independently develop the theoretical background of current biochemical research 

topics. 

- present scientific results appropriately in written form. 

4 Requirements for Participation 

 

5 Form of Examination 

Final Module Examination: 

•  Module Examination (Technical Examination, Written Exam, Duration 60 min, 

Standard) 

Course Examination: 

•  [07-07-0312-pr] (Study Examination, Portfolio,  Standard) 

6 Requirements on the Award of Credit Points 

Passing the exams. 

Attendance at least 75 % of the internship. 

Compulsory attendance is required for the acquisition of the following competences:  

professional handling of scientific equipment, safe application of practical methods in the 

laboratory, evaluation, documentation and interpretation of experimentally obtained 

data, presentation of results. 

7 Grading 

Final Module Examination:  

•  Module Examination (Technical Examination, Written Exam, Weight: 40%, 

Standard) 

Course Examination:  

•  [07-07-0312-pr] (Study Examination, Portfolio, Weight: 60%, Standard) 

8 Usability of the Module 

M.Sc. Molecular and Cellular Biology 

9 Literature 

 

 

10 Comment 
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Master of Science 

Ecology and Biodiversity 
 

 

Module descriptions of this catalogue can be found in the module handbook of the 

Master of Science Ecology and Biodiversity programme. This is an open catalogue. 
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Module descriptions of this catalogue can be found in the module handbook of the 

Master of Science Synthetic Biology programme. This is an open catalogue. Examples of 

modules are listed below. 
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Module Description 

Module name 

Current Synthetic Biology 

Module 
no. 

10-42-

0003 

Credit Points 

5 CP 

Workload 

150 h 

Self-study 

90 h 

Duration 

1 Semester 

Frequency 

Every 2. 

semester 

Language of Instruction 

English 

Person responsible for the Module 

Prof. Dr. rer. nat. Beatrix Süß 

1 Courses of the Module 

Course no.  Course name Workload (CP) Form of 
Teaching 

Contact 
Hours 
per 
Week 

10-42-0003-se Current Synthetic Biology - 

Seminar 

0 Seminar 2 

 

10-42-0003-vl Current Synthetic Biology - 

Lecture 
0 Lecture 2 

 

2 Study Content 

Lecture: 

The lecture gives an in-depth insight into modern methods and concepts of synthetic 
biology with emphasis on interdisciplinary work. Current developments within the field 

of synthetic biology will be highlighted and key examples of research are presented in 

detail. A special focus is on the synthetic biology research currently ongoing at the TUDa 

and connected institutions. 

Seminar: 

Within the seminar, students will build on the teaching content of the lecture covering all 

presented topics to prepare a scientific talk on one aspect in great depth. Seminar topics 

will thereby extent the knowledge acquired within the lecture focusing on concrete 

examples, potentially including the planning of possible future follow up experiments or 

research directions. The results of the work will be within the seminar as oral 

presentation. 

 

3 Learning Outcomes 

The students will be able  

•to gain a basic understanding of current concepts and methods of synthetic biology 

•to read research publications and to critically evaluate published research data 

•discuss a scientific topic in the global context of the field (review of recently 

published literature) with supervisors in a comprehensive and competent manner 

•present a research topic to fellow students and supervisors 

4 Requirements for Participation 

 

5 Form of Examination 

Final Module Examination: 
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•  Module Examination (Technical Examination, Presentation,  Standard) 

6 Requirements on the Award of Credit Points 

Passing the exam 

7 Grading 

Final Module Examination:  

•  Module Examination (Technical Examination, Presentation, Weight: 100%, 

Standard) 

8 Usability of the Module 

M.Sc. Synthetic Biology 

9 Literature 

Kuldell, Hart, Bernstein, Ingram (2015), BioBuilder: Synthetic Biology in the Lab, O'Reilly 

 

10 Comment 

 

 

 

  



 

76 

 

Module Description 

Module name 

Science Communication and Bioethics/Biosecurity 

Module 
no. 

10-42-

0004 

Credit Points 

6 CP 

Workload 

180 h 

Self-study 

105 h 

Duration 

1 Semester 

Frequency 

Every 2. 

semester 

Language of Instruction 

English 

Person responsible for the Module 

Prof. Dr. phil. Nina Janich, Prof. Dr. rer. nat. 

Andreas Jürgens 

1 Courses of the Module 

Course no.  Course name Workload (CP) Form of 
Teaching 

Contact 
Hours 
per 
Week 

02-25-2901-se Science Communication 0 Seminar 2 
 

10-42-0004-se Bioethics and Biosecurity 0 Seminar 3 
 

2 Study Content 

“Biosecurity cannot be achieved unless scientists themselves are recognized as an 

essential part of the solution and are engaged in all discussions around the issue.” [Revill 
et al. 2012] 

Science Communication 

The course Science Communication addresses aspects of communicating scientific 

knowledge to the broader public or to specific stakeholders and serves both reflection and 

orientation. The reflection part deals with aspects such as scientific identity, 

comprehensibility and responsibility as well as factors of public trust in science in the 

context of mediatization and politicization of science. The application part focuses on 

media, formats and text types, and on possible critical interaction situations in dealing 

with journalists and mediation strategies. 

 

Bioethics and biosecurity 
The course integrates biosecurity and bioethics with the broader topic of research safety 

and security measures. Overarching concepts such as risk assessment and management, 

along with general safety legislation requirements, are discussed. Attention then moves to 

areas of concern, such as the research use of infectious/toxic biological materials, 

concepts such as dual use of science. 

In the seminar students will learn, using examples, how to critically analyse topics related 

to biosafety/biosecurity. As a preparation for this exercise current bioethics and 

biosecurity issues will be discussed in groups. Students will gain the skills to seek out and 

analyse information related to biosecurity and then discuss public policies, and strategies 

for enhancing biosecurity. 

 

3 Learning Outcomes 

After completion of this module students will be able to, 

•impart pragmatic contextual knowledge 

•get a reflective competence with regard to external science communication 

•use first concrete writing experiences 
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•consider how bioethical dilemmas are shaped by life sciences professionals’ 

•understand the cultural values and beliefs about the concepts of biosafety, biosecurity, 

and responsible conduct of research. write and verbalise scientific information in an 

accurate, interesting, logical and coherent manner 

•analyse potential challenges and dilemmas associated with their work, including 

weighing potential risks and benefits, dual use concerns, and the possibility of accidents 

or misuse of life sciences research 

4 Requirements for Participation 

 

5 Form of Examination 

Final Module Examination: 

•  Module Examination (Study Examination, Essay,  Passed / Not Passed) 

6 Requirements on the Award of Credit Points 

Passing the exam 

7 Grading 

Final Module Examination:  

•  Module Examination (Study Examination, Essay, Weight: 100%, Passed / Not 

Passed) 

8 Usability of the Module 

M.Sc. Synthetic Biology 

9 Literature 

Revill J., M.D.C. Carnevali, Å. Forsberg, A. Holmström, J. Rath, Z.Khan Shinwari, G.M. 

Mancini. Lessons learned from implementing education on dual-use in Austria, Italy, 
Pakistan and Sweden. Medicine, Conflict and Survival, 28 (1) Preventing the Hostile Use 

of the Life Sciences and Biotechnologies: Fostering a Culture of Biosecurity and Dual Use 

Awareness, pp. 31-44. More: To be announced. 

 

10 Comment 
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Module Description 
 

Module name 

DNA and Protein Synthetic Biology 

Module 
no. 

10-42-

0009 

Credit Points 

6 CP 

Workload 

180 h 

Self-study 

75 h 

Duration 

1 Semester 

Frequency 

Every 2. 

semester 

Language of Instruction 

English 

Person responsible for the Module 

Prof. Dr. Viktor Stein 

1 Courses of the Module 

Course no.  Course name Workload (CP) Form of 
Teaching 

Contact 
Hours 
per 
Week 

10-42-0009-pr DNA and Protein Synthetic 

Biology - Lab course 

0 Practical / 

Lab / 

Internship 

5 

 

10-42-0009-se DNA and Protein Synthetic 

Biology - Seminar 

0 Seminar 1 

 

10-42-0009-vl DNA and Protein Synthetic 

Biology - Lecture 

0 Lecture 1 

 

2 Study Content 

Lecture: 

The lecture covers a brought range of topics related to advanced methods of Synthetic 

Biology. This includes key methodologies on modular DNA assembly cloning techniques, 

targeted genome engineering, DNA synthesis and next generation DNA sequencing. In 

addition, main concepts of recombinant protein technology, protein engineering and 

protein design will be covered. 

Seminar: 

Recent scientific publications in the field of DNA- and protein-focused Synthetic Biology 

will be used to prepare oral presentations to be shared with all students attending the 

course.  

Lab course: 

Research projects will be developed in groups and pursued over the duration of the 

course. The projects are related to topics and advanced methods of Synthetic Biology e.g. 

the following: 

•Modular DNA Assembly Cloning 

•Modular Protein Engineering Strategies 

•Recombinant Protein Technology 

•Functional Analysis of Protein Function (with Optical Methods) 

 

3 Learning Outcomes 

The students will be able  

•to gain a solid understanding of concepts and advanced methods of synthetic biology 

•to discuss the project work in the global context of the field (review of recently 
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published literature) with supervisors and students 

•to present a research topic to fellow students and supervisors 

•to collect, interpret, and evaluate data obtained through application of synthetic biology 

methods 

•to work as a team on a joint scientific project 

4 Requirements for Participation 

Passing of module “Basics in Synthetic Biology” 

5 Form of Examination 

Final Module Examination: 

•  Module Examination (Technical Examination, Presentation,  Standard) 

6 Requirements on the Award of Credit Points 

Passing the exam. 

Attendance at least 75 % of the internship. 
Compulsory attendance is required for the acquisition of the following competences:  

professional handling of scientific equipment, safe application of practical methods in the 

laboratory, evaluation, documentation and interpretation of experimentally obtained 

data, presentation of results. 

7 Grading 

Final Module Examination:  

•  Module Examination (Technical Examination, Presentation, Weight: 100%, 

Standard) 

8 Usability of the Module 

M.Sc. Synthetic Biology 

M.Sc. Molecular and Cellular Biology 
M.Sc. Biomolecular Engineering 

M.Sc. Ecology and Biodiversity 

9 Literature 

Kuldell, Hart, Bernstein, Ingram (2015), BioBuilder: Synthetic Biology in the Lab, O'Reilly 

Primary Literature 

 

10 Comment 
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Module Description 

Module name 

Advanced Synthetic Biology 

Module 
no. 

10-42-

0010 

Credit Points 

6 CP 

Workload 

180 h 

Self-study 

75 h 

Duration 

1 Semester 

Frequency 

Every 2. 

semester 

Language of Instruction 

English 

Person responsible for the Module 

Prof. Dr. rer. nat. Beatrix Süß 

1 Courses of the Module 

Course no.  Course name Workload (CP) Form of 
Teaching 

Contact 
Hours 
per 
Week 

10-42-0010-pr Advanced Synthetic Biology - 

Lab course 

0 Practical / 

Lab / 

Internship 

5 

 

10-42-0010-se Advanced Synthetic Biology - 

Seminar 

0 Seminar 1 

 

10-42-0010-vl Advanced Synthetic Biology - 

Lecture 

0 Lecture 1 

 

2 Study Content 

Lecture: 

The lecture covers a brought range of topics related to Synthetic RNA Biology. This 

includes basics in RNA structure and structure determination, concepts of RNA 

regulation, synthetic riboswitches, synthetic cis acting regulatory RNA, aptazymes, RNA-

based logic gates and genetic circuits design, RNA aptamer development and application, 

RNA-based biosensors, RNA origami and RNA modification. 

Seminar: 

Recent scientific publications in the field of RNA Synthetic Biology will be discussed. 
Lab course: 

Research projects will be developed in groups and pursued over the duration of the 

course. The projects are related to topics and advanced methods of Synthetic Biology e.g. 

the following: 

•Design of conditional gene expression systems 

•Design of Boolean logic gates and synthetic genetic circuits 

•Synthetic riboswitches and trans acting regulatory RNAs 

•Genome manipulation based on programmable nucleases and CRISPR-Cas9 based 

approaches 

 

3 Learning Outcomes 

The students will be able  

•to gain a solid understanding of concepts and advanced methods of synthetic biology 

•to discuss the project work in the global context of the field (review of recently 

published literature) with supervisors and students 

•to present a research topic to fellow students and supervisors 

•to collect, interpret, and evaluate data obtained through application of synthetic biology 
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methods 

•to work as a team on a joint scientific project 

4 Requirements for Participation 

Passing of module “Basics in Synthetic Biology” 

5 Form of Examination 

Final Module Examination: 

•  Module Examination (Technical Examination, Presentation,  Standard) 

6 Requirements on the Award of Credit Points 

Passing the exam. 

Attendance at least 75 % of the internship. 

Compulsory attendance is required for the acquisition of the following competences:  

professional handling of scientific equipment, safe application of practical methods in the 

laboratory, evaluation, documentation and interpretation of experimentally obtained 

data, presentation of results. 

7 Grading 

Final Module Examination:  

•  Module Examination (Technical Examination, Presentation, Weight: 100%, 

Standard) 

8 Usability of the Module 

M.Sc. Synthetic Biology 

M.Sc. Molecular and Cellular Biology 

M.Sc. Biomolecular Engineering 

M.Sc. Ecology and Biodiversity 

9 Literature 

Kuldell, Hart, Bernstein, Ingram (2015), BioBuilder: Synthetic Biology in the Lab, O'Reilly 

 

10 Comment 

 

 

 

 

 


