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Introduction: General Biochemistry and Cell Biology is a highly successful undergraduate course in the ‘Biochemistry
and Cell Biology’ (BCCB) Bachelor program at Jacobs University Bremen. It provides scientific training both in the matter
(experiments are discussed and evaluated) and in the method (peer instruction).

Concept and Challenges: The ‘shell model’ of teaching in the School of Engineering and Science demands that first-year ‘General’
lectures give an overview of the entire field of the program, to be built upon in subsequent courses. The subject of the BCCB major
are the fields of biochemistry, cell biology, and molecular genetics. Students often bring very good prior knowledge in one of these
fields and rudimentary knowledge in the others. Thus, the course always has to cater to beginners and the advanced at the same
time. In addition, students come from extremely different learning cultures, some used to discursive learning in class, others to
reproduction only. Most students need 2-3 months to adapt to the rigorous learning and testing environment of Jacobs.

The course consists of 56 classes that deal with increasingly complex subjects, from chemical bonds up to the biology of
development. It aims to give students not only an overview of the field, but — importantly — also an insight into how scientific
knowledge is generated and interpreted. An important contribution of the success of the course — not discussed here further —is the
weekly quiz, which tests the material acquired in the previous week, and which ensures that students keep abreast of the curriculum.

Discussing research: About 15% of the course are set aside
to discuss research techniques such as protein isolation or
molecular cloning. To enable students to understand how
scientific knowledge is generated, we then discuss selected
historical experiments in detail, including method,
experimental setup, outcome, and their paradigmatic
value for the field. All the information from the lecture is
available to the students in annotated slide files. An
example of one slide (from a show of 30) is shown here:

The Anfinsen experiment
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How do we know whether the protein had really been denatured during
the experiment?

Anfinsen performed a control experiment. He switched the steps of
protein renaturation: first he exposed the protein to oxidizing conditions
(which led to the formation of incorrect disulphide bridges that trapped
the protein in its denatured conformation) and only then he removed
urea. The activity of the obtained protein was only 1-2% of the initial
activity, since the protein was not properly refolded.

This shows that when the urea was present, the protein had indeed lost
its structure.

Anfinsen’s conclusion: All of the information needed to specify a

protein s three-dimensional structure is contained within its amino-acid
sequence, i.e. the protein structure is predetermined by the amino acid
sequence.

This statement is very nicely expressed in his Nobel lecture.

About fifteen original experiments are discussed in the
lecture.

Peer Instruction: We have realized that getting students to
discuss the subject with each other is the key to the
acquisition of the material, and to the equalization — as far
as possible — of the different degrees of knowledge and
learning skills. Discussions also lead to networking and
cooperation, which is an essential component of real-life
science but not at all practiced in the high schools of some
countries.

To get students to interact, one ‘open question’ is given
every week. It must be answered in next week’s quiz, and
it is typically too difficult for a traditional first-year course,
often derived from actual research problems. Examples:

Why are cells so small?
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Such questions can only be solved if students work
together and/or network with peers from the upper years
of the program. They quickly notice that it is not enough to
refer to the slide files but that they must develop their
own ways of acquiring information and to evaluate it
critically. The midterm examination consists mainly of such
open questions. Students have consistently reported that
solving these ‘real’ questions, though strenuous, has been
the best experience of their first year lectures.

Outcomes: The General BCCB lecture has won a number of awards and a university-wide recognition. We believe that
this is due to the real-life science skills that it teaches. They lay a firm foundation for the second year ‘Advanced’
courses, but, more importantly, they give students insight into the nature and the working reality of the field that they
are studying; this leads to excellent motivational outcomes and allows many students to commit to the area of BCCB as
their career aim. We are very happy to answer any questions by email (see above).



