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Many important enzymes are part of multi-subunit complexes that involve complex movements and interactions that
are difficult to visualize via traditional 2-dimensional diagrams or in visualization software. Physical, 3-dimensional
models are an especially effective way to illustrate abstract concepts within the curriculum, including about protein
dynamics, subunit functions, pathway architectures, and the nature of protein-protein interactions. The usage of
physical models in the classroom has been successful when teaching concepts such as enzyme catalysis and protein
refolding, quantized by increased exam scores and positive student feedback. Here, we present work done to 3D print
publicly available protein structures of the Krebs Cycle enzymes in both rigid and flexible polymers to convey concepts
of dynamics in protein structure, as well as aid in teaching the roles of different monomers within the cycle. Structures
3D printed with thermoplastic polyurethane (TPU) are lightweight and flexible, which allows the models to be safe for
classroom use while simultaneously teaching dynamics of enzyme motion among subunits and individual chains.
Highly regulated enzymes have been coated with a glaze to easily differentiate from the other five enzymes of the
pathway. Upon integration with traditional lecture methods, student gains in key learning outcomes will be quantified
by polling, comparison of results of a pre- and post-assessment, and performance on standardized test items.
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Citrate synthase

• Students will learn about allostery, multimeric enzymes, enzyme classes, and regulation better than their control 
group counterpart through exposure to biologically accurate physical models alongside traditional teaching methods.
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• Improve Quantification Method

• Print models using molded silicone

• Print models using magnetic connectors

• Print more detailed and accurate dynamic 
models (point-mutations and wild-type)

• More complicated regulatory models: E. Coli 
Pyruvate Dehydrogenase Complex

Prompt: Describe how a protein functions to catalyze a biochemical reaction:
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We need more 
background data & 
students to sample.

Please take our 
survey!


