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Introduction

Physical models of macromolecules have been shown to improve learning gains under various settings and to be well received by students
and educators alike. Various systems to produce physical models are available, but coupling the available structural databases with 3D printing
is by far the most flexible. Hypothetically, any life-science educator would be able to select any PDB entry, generate a custom physical model
adapted to his teaching goals and fabricate it using consumer-grade 3D printers. The major bottleneck in this approach is the conversion of the
structural data into reliable printable files. This step requires knowledge in structural biology and 3D printing technology and is key not only for
the printability, but also for the model’s success as an educational or demonstration material. To automate the process, 3DP-Jmol was created.

How it works

3DP-Jmol is a script that can be run in the Jmol console and can:
* automatically loads structural data from known databases (RCSB PDB, PubChem)
* evaluates the size of the model, atom types and bond lengths
* calculates maximum and minimum printable size of the final physical model
* indicates suitable rendering styles depending on the user selected model size
* automatically generates struts for improved printability, including for ligands
* generates printable .stl (monochrome) or .obj (multi-colour) files.
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Easy to integrate into web-pages

3DP-Jmol can be run with JSmol too and can be easily integrated into web-pages.

On Proteopedia

(experimental, not yet publicly available)

On biomodel.uah.es
https://biomodel.uah.es/JSmol16/3Dprint/3Dprint_2.htm
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Scheme [Trace v

Hydrogen atoms

Recommended to be off unless you have particular reasons to have the
hydrogen atoms shown in the model. H atoms might be required when

the model is represented as ball and sticks, or when ligands are present.

If not H atoms are not mandatory, keep in mind that keeping this option
on will increase the minimum scale at which the model can be printed.

1582 atoms selected =

14 struts added
1584 atoms selected

->> Bond for one-atom linked ligand #1, ZN

->> Bond for one-atom linked ligand #2, ZN

->> Type 'checkStruts' to verify struts added for ligand support.
1584 atoms selected

protein + oligosaccharide substrates ks Ligand struts If ligands are to be connected with the macromolecule.
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ribozyme | 1hmh_A |

RNA + ligand | 1pbr |

prot + HEM + SCN + iodides | 3eri |
prot + DNA, 3 models | 1lcd |

load by PDB ID: || from RCSB || from PDBe |
from Proteopedia |

Make file for 3D printer:

Scheme: |Ribbon (protein/nucleic) v|  Include/add H atoms: | OFF v

Create support links (struts) between protein and nucleic chains:|ON /|

Only for surface options
\ 3 \ (3 for production, 1 for quick check)

: keep ligands linked to surface (for other rendering choices, ligands will always be linked to macromolecules) Surface resolution:

be approximately (x,y,z) 9 207 x181x143 mm.

Make printer files

Note: Before processing, we removed from the structure solvent (UREA, SO4, PO4, HOH, DOD, WAT),
NA,K,CL,BR,GOL,DIO,DOX,NO,NO3,EDO,DMS,FMT,ACT,IPA, and they will not appear on the printed
model.

Rendering and printing recommendations are provided for a medium size (ie. Ender 3; Prusa MK3S+) |
-->Printed at a maximum allowed printing scale of 48 % , your model will be approx 210 mm x 134 n

-->Printed at a minimum printing scale of 2 %, your model will be approx 10 mm x 6 mm x 9 mm.
Your molecule is rather small. All styles are suitable and can be printed.

When deciding on the final dimensions and the corresponding scale, please keep in mind that:

- the minimum allowed scale for the Ball and stick style for single material printers is 40 %;
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Programming and implementation by Jaime Prilusky. ¢ STL/OBJ/MTL files generated with Jmol and 3DP-Jmol. ¢ Model

preview powered with Online 3D viewer

Output files tested on various 3D printers

The printability of 3DP-Jmol output files was tested on printers from major manufactures, including Prusa Research (MK3S+ and Core One),
Bambulab (A1 mini and X1C) Creallty (Ender 5 and Ender 3)

Released under MIT License
3DP-Jmol: https://github.com/mariusmihasan/3DP-Jmol

Experimental feature: color output
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3D printing profiles: https://github.com/mariusmihasan/molecularmodels-3d-printing-profiles
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