
USING MOLECULAR MODELS FOR A BETTER 
EDUCATION IN LIFE SCIENCES

Round table event associated with:

Faculty of Biology Scientific Session

New trends in Biology:
from molecules to complex systems
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Understanding Life Sciences relies on  understanding Structural Biology
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https://cdn.rcsb.org/pdb101/molecular-machinery/
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RCSB PDB - Structural data for researchers

27.10.2021 USING MOLECULAR MODELS FOR A BETTER EDUCATION IN LIFE SCIENCES Pagina nr. 3

How much data is available?
Enough to have confidence in protein structure prediction!
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PDB-101 – PDB for pupils, students and teachers
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Teaching Structural Biology relies on structural formulae

α-D-glucopyranose

USING MOLECULAR MODELS FOR A BETTER EDUCATION IN LIFE SCIENCES
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Molecular models to aid teaching - Molymod
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http://www.molymod.com/MMS-004_Inorganic__Organic_Teacher_Set.jpg



Faculty of Biology, Alexandru Ioan Cuza University of Iasi, Romania

27.10.2021 USING MOLECULAR MODELS FOR A BETTER EDUCATION IN LIFE SCIENCES Pagina nr. 7
https://pdb101.rcsb.org/learn/paper-models

Molecular models to aid teaching – Paper models

https://pdb101.rcsb.org/learn/paper-models
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Molecular models to aid teaching – DIY

Herman T., et. al. Tactile teaching: Exploring protein 
structure/function using physical models. Biochem. Mol. 
Biol. Educ. 34: 247–254. 

Birk, J. P.; Foster, J. Molecular models for the do-it-
yourselfer. J. Chem. Educ. 1989, 66, 1015−1018.

Styrofoam balls and copper wires

Flexible foam, wires and foam cut-outs

Screw-on bottle caps
Siodłak, D. Building Molecular Models Using Screw-On 
Bottle Caps. J. Chem. Educ. 2013, 90, 1247−1249.

Glass Beads
Chuang, C. et al. Molecular 
Modeling of Fullerenes with 
Beads. J. Chem. Educ. 2012, 89, 
414−416
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Molecular models to aid teaching – 3D printed models

p53 tumor suppressor protein
Herman T., et. al. Tactile teaching: 
Exploring protein structure/function 
using physical models. Biochem. Mol. 
Biol. Educ. 34: 247–254. 

Leucine zipper
Meyer S.C. 2015. 3D Printing of Protein 
Models in an Undergraduate Laboratory: 
Leucine Zippers. J. Chem. Educ. 92: 2120–
2125. 

Human haemoglobin
Kawakami M. A soft and 
transparent handleable 
protein model. Rev Sci 
Instrum. 2012; 83(8): 
084303.

Human deoxyhaemoglobin EcoRI endonuclease and DNA Nanopore sequencing complex
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Advantages of 3D printed molecular models:

Based on real 
scientific data;

Depicted using 
standardized 

representations;
Easy to edit and adapt 
to the outcomes of a 

specific lesson; Cheap to fabricate 
and reproduce;

Easy to distribute

183584 
structures

freely
available

molecular visualization software
Chimera, PyMol

Over the internet, print when required

Molecular models to aid teaching – 3D printed models
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3D printed models – how to get them

The easy, but certainly not cheap the way:

http://www.molecmodels.co.uk/ https://biologicmodels.com/

http://www.molecmodels.co.uk/
https://biologicmodels.com/
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3D printed models – how to get them

The almost easy, but clearly much cheaper  way:

A1. Find an already available model at: 
https://3dprint.nih.gov/
https://modelemoleculare.ro/

A2. Automatically create your own model at: 
https://3dprint.nih.gov/create

OR

A3. Ask somebody else to do it such as: 
https://modelemoleculare.ro/product-
category/modele-la-cerere/

OR

B. Fabricate your model using your own 3D printer or access an on demand 3D printing service 
printari-3d.ro 3dp.ro fablab.ro

https://3dprint.nih.gov/
https://modelemoleculare.ro/
https://3dprint.nih.gov/create
https://modelemoleculare.ro/product-category/modele-la-cerere/
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Take-away message

Usage of physical models of (macro)molecules improves learning outcomes, 
but is better to be tailored to teachers needs

3D printing offers a cheap way of fabricating and distributing
molecular models

Models and workflows for printing macromolecular models from PDB are 
available

Proof of concept demonstrated. Please spread the word!
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Updates and new printed models
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https://modelemoleculare.ro/

Find us on Facebook @BioActive.bio.uaic.ro

https://modelemoleculare.ro/
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Download structure from

PDB or CIF file

Visualize and prepare the model in

UCSF Chimera

STL file

Prepare the file for printing using

Ultimaker Cura

GCODE file

Print Support material 
removal

C. Clean up and finalize the physical model

A. Generate the computer model

1. Chose or combine visualization 
styles;
2. Add H bonds or create struts to 
make the model more sturdy (mandatory 
for cartoon and  balls and sticks models, not required for 
surface);

3. Increase the thickness of each printed 
element and/or improve the smoothness 
for molecular surfaces.   

B. Print the model

1. Set the printing scale;
2. Orient the model on printing bed;
3. Set printing resolution;
4. Set shell wall thickness and infill %;
5. Automatically add support;
6. Slice the model;
7. Send the resulting gcode to printer 
(via SD-Card, USB or WiFi)

3D printed models – how to get them

The hard way:
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3D printed models – how to get them
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What is 3D printing and how does it work
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3D printing - construction of a three-dimensional object from a digital 3D model.
Also termed additive manufacturing.

Material extrusion / Fused filament fabrication (FFF) / fused deposition modeling (FDM)



Faculty of Biology, Alexandru Ioan Cuza University of Iasi, Romania

27.10.2021 USING MOLECULAR MODELS FOR A BETTER EDUCATION IN LIFE SCIENCES Pagina nr. 18

Under 500$ printer 20$ - 40$ Kg of plastic

3D printing can pe used in high schools/universities from low income countries to 
fabricate macromolecular models adapted to teachers needs

3D printing using FFF is accessible


