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Molecular origami offers an offline way to explore the 3D structures of biology. Visit
PDB101.rcsb.org to download free paper models of DNA, green fluorescent protein,
viruses, and more.

Structural studies provide unique windows into the biological world, revealing at the atomic level the
molecular mechanisms that orchestrate the processes of life. Biomolecular structure can be daunting,
however, with its incredible complexity. The Research Collaboratory for Structural Bioinformatics
Protein Data Bank (RCSB PDB, RCSB.org)1,2 is always looking for ways to make biomolecules
familiar and comprehensible to experts and non-experts alike. At PDB-101 (PDB101.RCSB.org),
RCSB PDB’s training and outreach portal, we offer many modalities for learning, including monthly
feature articles, animations, posters, and lesson plans.3 As part of this effort, we strive to develop
compelling hands-on activities in classrooms and outreach events that will promote an understanding
of biological macromolecules in 3D. To reach a wide audience, these activities need to be easily
accessible and at near-zero cost. We have found that printable paper models or ‘‘molecular origami’’
fit these parameters.

Our collection started with a model of themost celebrated biomolecule: double-stranded B-form DNA.4

In our discussions, educators almost invariably ask for engaging materials about genetic mechanisms,
so focusing on DNA was an ideal place to start. The model uses a traditional origami approach where a
single sheet of paper is folded into the shape of the iconic right-handed double helix. Step-by-step
folding instructions (Figure 1) and tutorial videos are available in English and Spanish. Other DNA paper
models exist online at other resources; the PDB-101 version offers supporting materials and links to
related content. The sheet is printed with a schematic representation of the three parts of each nucle-
otide: sugar, phosphate, and base. Each part is left intentionally blank to provide an opportunity to color
and design different base sequences. To deepen discussions with students during a folding activity, the
PDF also includes a second foldable template (not shown) that includes detailed depictions of atomic
structures for each nucleotide. The DNA model is our most popular molecular origami offering (down-
loaded !3,000 times annually).

Protein folding is another key foundational concept for 3D understanding of biological processes.
We have created several models that provide a tangible experience in understanding the hier-
archical process of folding a protein chain first into local secondary structures and then into
functional tertiary structures. Figure 2 shows a paper model of green fluorescent protein (GFP), a
protein often used in classroom settings. In the activity, students first cut out the strands and tape
them into one long strip representing the unfolded primary structure of the polypeptide chain.
Regions of secondary structure, in this case beta strands, are denoted schematically on this strip.
The students then form loops between the beta strand regions and tape neighboring strands
together to form the folded beta barrel of GFP. An online activity augments the physical model,
providing an interactive computer-graphics view of the atomic structure for comparison with the
model. Additional paper models available at PDB-101 allow students to explore other folding
patterns, including a G-protein-coupled receptor, an immunoglobulin G antibody, insulin, and a
model that explores the trefoil fold of transfer RNA.
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We have also created paper models highlighting protein structures related to public health
challenges, including HIV, Dengue virus, and its close relative Zika virus (Figure 3). A paper model
of human papilloma virus (HPV), a common cause of genital and oral cancers, is also available
(Figure 3). These models provide teachers with a user-friendly activity for furthering understanding
of viruses in 3D and discussing health threats. These models have been expanded into an
advanced collection highlighting viral quasisymmetry, a difficult topic often only presented at the
graduate level. Molecular origami models allow students to explore how, through small defor-
mations, a single type of viral protein can be used to create much larger icosahedral capsids in
different viruses.

In keeping with RCSB PDB’s long-standing commitment to FAIR (findable, accessible, interoperable,
and reusable) principles, all models are freely available at PDB-101 along with supplemental materials
and links to corresponding experimental data. Papermodels are provided as printable PDF files for easy
usewithminimal technological requirements.We have also printed customized punch-out templates for
many of the virus models. Both have been invaluable at science festivals, professional scientific society
meetings, and science education conferences.

To learn (and fold) more, please visit PDB-101 at https://pdb101.rcsb.org/learn/paper-models.
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When not thinking about molecules in origami form, RCSB PDB members take different
approaches in promoting structural views of biology. David S. Goodsell paints molecular land-
scapes in watercolor and other media. Shuchismita Dutta and Stephen K. Burley lead an

Figure 1. Step-by-step pictorial instructions for folding a paper model of DNA
Students can color in the bases (small rectangular boxes between the backbones) or add nucleotide names to customize their model.
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undergraduate honors seminar course that explores the molecular anatomy of health and disease.
Brian P. Hudson expertly curates and rigorously validates data in collaboration with PDB de-
positors. Maria Voigt creates detailed 3D molecular animations that demonstrate how PDB
structures function in the cell. Christine Zardecki promotes all RCSB PDB activities on social
media and beyond. Learn more at https://RCSB.org.

Figure 3. Paper models of virus capsids created in response to public health threats

Figure 2. Paper model of green fluorescent protein
Users print the template (left), cut along dotted lines, tape pieces into one long strand, andmatch up beta strands (black arrows) in alphabetical order to create the
beta barrel structure (right).

Patterns 5, February 9, 2024 3

ll
OPEN ACCESSCreations

https://RCSB.org


ACKNOWLEDGMENTS

RCSB PDB Core Operations are funded by the National Science Foundation (DBI-1832184), the US Department of Energy
(DE-SC0019749), and the National Cancer Institute, National Institute of Allergy and Infectious Diseases, and National
Institute of General Medical Sciences of the National Institutes of Health under grant R01GM133198.

DECLARATION OF INTERESTS

The authors declare no competing interests.

REFERENCES

1. Burley, S.K., Bhikadiya, C., Bi, C., Bittrich, S., Chao, H., Chen, L., Craig, P.A., Crichlow, G.V., Dalenberg, K., Duarte, J.M.,
et al. (2023). RCSB Protein Data Bank (RCSB.org): Delivery of Experimentally-Determined PDB Structures Alongside One
Million Computed Structure Models of Proteins from Artificial Intelligence/Machine Learning. Nucleic Acids Res. 51,
D488–D508. https://doi.org/10.1093/nar/gkac1077.

2. Burley, S.K., Bhikadiya, C., Bi, C., Bittrich, S., Chao, H., Chen, L., Craig, P.A., Crichlow, G.V., Dalenberg, K., Duarte, J.M.,
et al. (2022). RCSB Protein Data Bank: Tools for visualizing and understanding biological macromolecules in 3D. Protein
Sci. 31, e4482. https://doi.org/10.1002/pro.4482.

3. Zardecki, C., Dutta, S., Goodsell, D.S., Lowe, R., Voigt, M., and Burley, S.K. (2022). PDB-101: Educational resources
supporting molecular explorations through biology and medicine. Protein Sci. 31, 129–140. https://doi.org/10.1002/
pro.4200.

4. Watson, J.D., and Crick, F.H. (1953). Molecular structure of nucleic acids; a structure for deoxyribose nucleic acid. Nature
171, 737–738. https://doi.org/10.1038/171737a0.

4 Patterns 5, February 9, 2024

ll
OPEN ACCESS Creations

https://doi.org/10.1093/nar/gkac1077
https://doi.org/10.1002/pro.4482
https://doi.org/10.1002/pro.4200
https://doi.org/10.1002/pro.4200
https://doi.org/10.1038/171737a0

	Folding paper models of biostructures for outreach and education
	About the authors
	Acknowledgments
	Declaration of interests
	References


