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A Characterization

A Biological effects (neurological effects,
citotoxycity , oxidative stress,
antimicrobial activity

of biological active molecules with

potential applications in biotechnology.
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https://www.nature.com/articles/s41598  -018-34687-y [ ) https://modelemoleculare.ro/
https:/doi.org/10.1002/bmb.21493 : .

https://bmcgenomics.biomedcentral.com/articles/10.1186/s12864  -023-09644-3
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The plan for today
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Theoretical part:

A Why are 3D printed molecular models needed?

A How and from where can | get 3D printed models ?
A Are these models efficient?

Hands-on part:
A .pdb to. stl file dsoftware and steps
A Practical considerations when 3D printing molecular models
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Understanding Life Sciences relies on understanding Structural Biology

ALEXANDRU IOAN CUZA UNIVERSITY of IASI WWW. uaic.ro

. Molecular MaChinery: A Tour of the Protein Data Bank
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https://cdn.rcsb.org/pdb101/molecular-machinery/

Teaching Chemistry and Biochemistry relies on structural formulae
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Molecular models to aid teaching & Molymod

i
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http://www.molymod.com/MMS -004_Inorganic__Organic_Teacher_Set.jpg

molymod®

The original dual-scale system of molecular models
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Molecular models to aid teaching &DIY

www. uaic.ro

Styrofoam balls and copper wires
Birk, J. P.; Foster, J. Molecular models for the
do-it -yourselfer. J. Chem. Educ. 1989, 66, . .

t-you u Flexible foam, wires and foam cut -outs

1015711018.
Herman T., et. al. Tactile teaching: Exploring protein
structure/function using physical models. Biochem.
Glass Beads Mol. Biol. Educ. 34: 247&354.

Chuang, C. et al. Molecular
- [ewmant
[erojection]

Modeling of Fullerenes with
Beads. J. Chem. Educ. 2012,
89, 41471416
Screw-on bottle caps
Siodgak, D. Building Mel
On Bottle Caps. J. Chem. Educ. 2013, 90,

1247112409, |
3D printed macromolecular models Slide 8/46
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Molecular models to aid teaching dPaper models

www. uaic.ro

2 oo Build a Paper Model of DNA T
§ PDB-101 P 5 -

pdbioL.resb.org

A ;
Antibody DNA Dengue Virus Green and Red
(Paper Model) (Paper Model) (Paper Model) Fluorescent Proteins

(Paper Model)

BARBRRAD R
b QQQQQEQQQQQQQQQQQ%

£
G Protein-Coupled HIV Capsid Human Papillomavirus Insulin 2l ‘ ]:H:n]., :I'CE
Receptor (GPCR) (Paper Model) (HPV) (Paper Model) BAD T SR oo I E— ]
(Paper Model) (Paper Model) P08 e ol o S P st Bk (b
e e
o 3 ,
,f;."'f:ﬁ é —
w7y -e‘.
o‘ e A
Quasisymmetry in tRNA Zika Virus with and
Icosahedral Viruses (Paper Model) without antibodies
(Activity Page) (Paper Model)
https://pdb101.rcsb.org/learn/paper -models
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Molecular models to aid teaching 93D printed models
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S

P53 tumor suppressor protein Leucine zipper Human haemoglobir
Herman T., et. al. Tactile teaching: Meyer S.C. 2015. 3D Printing of Protein Kawakami M. A soft and
Exploring protein structure/function Models in an Undergraduate Laboratory: transparent handleable
using physical models. Biochem. Mol.  Leucine Zippers. J. Chem. Educ. 92: protein model. Rev Sci

Biol. Educ. 34: 247&54. 21202125. Instrum. 2012; 83(8):

084303.

e o8

Human deoxyhaemoglobin EcoREendonuclease and DNA Nanopore sequencing comple
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Molecular models to aid teaching 93D printed models

ALEXANDRU IOAN CUZA UNIVERSITY of IASI www.uaic.ro

lonel Popa and Florin Saitis, Journal of Chmical Education 2022 99 (8), 3074-3082, DOI: 10.1021/acs.jchemed.2c00231

Custom macromol ecul ar models, adapted
requirements are needed !!!
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Custom macromolecular models for teaching are need it

www. uaic.ro

P ALEXANDRU IOAN CUZA UNIVERSITY of IASI
1
The custom macromolecular models should be:

Based on real
scientific data;

( Depicted using
standardized

\/ L representations; '
s

Easy to edit and adapt W

224 572 to the outcomes of a
fl 0|68 577_|C;M ‘ \,/ ’L and reproduce;
reely available (

BPDBe  molecular visualization software Easy to distribute

Protein Data Bank in Europe Chlmera, Jmol ’ PyM Ol

PDB | ' ‘
PROTEIN DATA BAN: V
PDB 3D printing can do that

Protein Data Bank Japan
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What is 3D printing?
b

i é #) ALEXANDRU IOAN CUZA UNIVERSITY of IASI www.uaic.ro

3D printing - construction of a three-dimensional object from a digital 3D model.
Alsotermed additive manufacturing .

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

Scopigno R et al. (2017). "Digital Fabrication
Techniques for Cultural Heritage: A
Survey". Computer Graphics Forum 36 (1): 6821

24.09.2024 3D printed macromolecular models Slide 13/ 25



3D printing using FFF is accessible

ALEXANDRU IOAN CUZA UNIVERSITY of IASI WWW. Uaic.ro

20%$ - 40% Kg of plastic

Under 500$ printers

Hello, Ma...  Retums

B Recoumts Somes Yo

Il Today's Deals CustomerService Marlus's Amazon.com BuyAgain Browsing History ~  Gift Cards Amazon's response to COVID-19
1-16 of over 1,000 results for "pla” Sort by: Featured v
Department

Sponsored @

TECBEARS PLA 3D Printer Filament 1.75mm Black,

3D Printing Supplies
3D Printing Filament

s Dimensional Accuracy +/- 0.02 mm, 1 Kg Spool, Pack of 1
Movies & Films e
Prime Video Kk kkfr v 4,
TV Shows $1999

~ See All 6 Departments Save more with Subscribe & Save

. Ships to Romania
Avg. Customer Review %

1 &Up
10 &Up
’ & Up

7 &Up Sponsored @
— OVERTURE PLA Filament 1.75mm with 3D Build Surface
[ HATCHBOX 200mm x 200mm 3D Printer Consumables, 1kg Spool...
[[)sunws Aohkfrle v 6,128
L] oveRTURE $20°° ($1.05/10 Items)
L TecBEARs Save more with Subscribe & Save
" SD Solijtech Ships to Romania
[ mikA3D
[esun
~ See more

3D Printing Materials

‘E :?:s HATCHBOX PLA 3D Printer Filament, Dimensional

] PETG Accuracy +/- 0.03 mm, 1 kg Spool, 1.75 mm, Black, Pack...
[JpLa Fekededeode v 11,192

[Jpva

$2299

Ships to Romania

[ Wood-Plastic Composite

More Buying Choices
$21.50 (9 used & new offers)

3D Printer Filament Weight

}: Uptosoag OVERTURE PLA Filament 1.75mm with 3D Build Surface
500t0 999 g

[(J1to1.9kg ﬁg[ 200mm x 200mm 3D Printer Consumables, 1kg Spool...
M 2 o o A
[*J 2 kg & above Fekdkodr v 6,129

From Our Brands
["J our Brands

$22% ($1.15/10 Items) $25:99
Save more with Subscribe & Save
Ships to Romania

Packaging Option

More Buying Choices
[ Frustration-Free Packaging

$18.99 (17 new offers)

3D printing can pe used in high schools/universities from low  -income countries to

fabricate macromolecular models adapted to teachers needs
24.09.2024 3D printed macromolecular models Slide 14/ 25




3D printed models dhow to get them
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The easy, buhot necessarily thecheap way

% BIOLOGIC MODELS

ome v  Explore v  3DPrint v  Shop v  Contat v

$i
Home Examples of our work FAQs Contact Us 4 -
e
SARS-CoV-2 Spike Protein
®
! Transform xray crystallography protein oSSR 2 2
» . o .
b

into 30 Printed Biologic Models

Submit Request

Copies of the model have been gifted to the vaccine development teams at Oxford University and

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

O R S A R N NN L B R O

Blepriy “ w & B

il

Learn Shop Program Lend Custom

Custom Models Communicate Your Innovations
And Inspire Others

Learn More

©0 -

https://3dmoleculardesigns.com
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1
@ ALEXANDRU IOAN CUZA UNIVERSITY of IASI
The almost easy, but a bit cheaper way:

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

OR

A2.Automatically create your own model at:

https://3dprint.nih.gov/create

OR

A3.Asksomebody else to do it such as
https://modelemoleculare.ro/product-
category/modelela-cerere/

AND

3D printed models dhow to get them

www. uaic.ro

DISCOVER SHARE CREATE LEARN

m NIH 3D Print Exchange
« Get the latest re: ation from NIH:

gl HE)IET:NI?ANGE @ @ Q ‘ ‘

SHARE

3D printing technology is advancing at a rapid
pace, but it is difficult to find or create 3D-
printable models that are scientifically accurate or
medically applicable. The NIH 3D Print Exchange
provides models in formats that are readily
compatible with 3D printers, and offers a unique
set nf tnnls tn areate and share AN-nrintahla

mm Despre noi Cum obtinem modelele v Modele noi Modele gratuite
NS

Modele fizice ale moleculelor pentru o
n mai buna educatie in stiintele vietii

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

24.09.2024
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Do these models make a difference in teaching?
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i )
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A compensatory research study

Lecture 1 - Lecture 2 -
Pre-test 1 Proteins Post-test 1 Pre-test 2 DNA structure Post-test 2

Week2 ______________ Wweek3 ___________________ [Week4 -Week7?

Structure

No _ 2 days
int fi Intervention after
Announcement 2 days before L days after 2 days before lecture
Recruitment lecture, 30 lecture, 30 lecture, 30 30 Intervention and
Consent m&ggtﬁ)sr;sl?’ ?&22;&56813 g‘l;g:;e;‘,slo = Feedback form
d Intervention N? i 10
intervention questions

The project was approved by the ethics committee at the Department of Phycologyand Education Sciences,Alexandruloan Cuza University of L | (@d
186/29.01.2024. Studentswere informed prior to the start of instruction of the purposeand objectivesof the investigation Studentparticipationwasanonymous
and voluntarily,and eachstudentwaspresentedwith the opportunityto excludehim/herselffrom the studyat anytime. Informationregardingdatasecurity,the type

of information obtained, datastorageprocedures.and the measuredakento protect participants‘anonymitywasprovided Furthermore,studentswere assuredthat

participationwould haveno bearingon any scoreassignmentand that the resultscouldbe usedfor publication
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Do these models make a difference in teaching?

ALEXANDRU IOAN CUZA UNIVERSITY of IASI WWW. uaic.ro
Evaluation of impact is ke

NIH 3D DOI: Learning objective Biomolecular visualization learning goals

Amino acids, peptides and proteins
4 amino acids (L -Glycine, L -
D LR 10.60705/3dpx/21049.1
Arginine) in different
representations

Recognize a variety of
Q2, Q4 molecular representations (i.e.
stick and space fill).

AR2.02 students will describe the atoms that are
represented in different renderings. (novice)

Recognize a variety of
molecular representations (i.e.
sins, chains C and D) in 4 stick and space fill). Identify

(Tt R (T S oL S 10.60705/3dpx/21051.1 0L, O, Q) Jeenlens; .the pgptlde .
and sticks. cartoon and Q4, Q7 backbone, including the amino

and carboxyl ends, peptide
bonds, and alpha carbon. N to
C direction

MR1.01 given a rendered structure of a biological
polymer students will be able to identify the

ends of a biological polymer. (novice, amateur,
expert)

MR1.02 given a rendered structure, students will
be able to divide the polymer into its monomer
units. (novice)

wo insuline chains (PDBID

TC2.06 Students can identify the levels of
protein structure (e.g., parse a
human deoxihaemoglobin Descri_be_why and how protein tertiary/quaternary structu_re into a series of_
ith removable hemn 10.60705/3dpx/14895.2 Q10, Q11 su bunits interact to make the  secondary structures/motifs) and the ways in
oquaternary st rwhichthey are connected from a

Quaternary structure of

three-di mensi onal struc
Expert)
Nucleotides and nucleic acids

Deoxyribonucleotides and Recognize a variety of
ribonucleotides in in 10.60705/3dpx/21050.1 Q2, molecular representations (i.e.
different representations. stick and space fill).

AR2.02 students will describe the atoms that are
represented in different renderings. (novice)

AG3.01 Students can identify a dihedral/torsion
angle in a three -dimensional representation of a

B-DNA dodecamer orinted in Understand the flexibility of macromolecule. (Novice)
. P 10.60705/3dpx/14893.2 Q5 DNA due to the higher number AG3.02 Students can identify the planes between
of rotable bonds. which a dihedral/torsion angle exists within a

three -dimensional representation of a
macromolecule. (Novice)

https://biomolviz.org/ . BiochemMol BiolEduc 2017 Jan 2;45(1):685. doi: 10.1002/bmb.20991.
24.09.2024 3D printed macromolecular models Slide 18/ 46
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Results
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Individual learning gain

A HGroupA EGroupB B 80 Pre-test Ml Post-test
0,5 **— —* " *%
70 *
S
o
04 2 % *
S
Medium-g lecture g 50
R JREEN—— SIS S——— o
o Low-g lecture o) 40
o a0
©
c c
Q
S 02 g, % S S
© = -
< 20 c c
g 3 o o S
- - c
o [S c o
0 (©] — — (O]

Group A Group B Group A Group B
Lecture 1 Lecture 2

Lecture 1 Lecture 2

BoiangiuRS, Popa LIWihasanM. Journal of Science Education and Technolagymitted manuscript
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Results
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Free-form assessment

A B
I would like more lectures/courses to I _ Cior ) i tred
use 3D printed models. IS 't Function f OI nec io1 l
0 eC
| recommend that the 3D printed tructure A tom S
models be used for the next year I _ 5 j t Use _T_O\fed KHOW :E';at"ter
lectures. oncep a S
_ T:Lme . J
T ttor amdorsrand the lorre . Y I F t Cl e
better understand the lecture. DNA Iniormation ear Vlsual

ttention
Tea:rned
0% 20% 40% 60% 80% 1009 UnderSt d ''''''' ite

. . Mannexr M emor
B Strongly disagree mDisagree " Neutral mAgree B Strongly Agree G O d Peaching

-------

BoiangiuRS, Popa LIMihasanM. Journal of Science Education and Technolsglymitted manuscript

¢ KS 05 Y geRQubeiulagateiNi®mation and images were
transformed into something physical that | could touclAnd this helped me
better understand the content presentett.is easier to understand a notion or a
concept if one can hold it in its hand and turn it around to evaluated it from all
the angleg &
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1 | INTRODUCTION

Christine S. Booth? ® | Sharmin M. Sikich* |
| Karinvan Dijk* | RebeccaL.Roston’ | Brian A. Couch®

Abstract

Ensuring undergraduate students become proficient in relating protein struc-
ture to biological function has important implications. With current two-
dimensional (2D) methods of teaching, students frequently develop misconcep-
tions, including that proteins contain a lot of empty space, that bond angles for
different amino acids can rotate equally, and that product inhibition is equiva-
lent to allostery. To help students translate 2D images to 3D molecules and
assign biochemical meaning to physical structures, we designed three 3D
learning modules consisting of interactive activities with 3D printed models
for amino acids, proteins, and allosteric regulation with coordinating pre- and
post ts. Module impl itation resulted in normalized learning
gains on module-based ats of 30% d to 17% in a no-module
course and normalized learning gains on a comprehensive assessment of 19%
compared to 3% in a no-module course. This suggests that interacting with
these modules helps students develop an improved ability to visualize and

retain molecular structure and function.

KEYWORDS

3D printing, allosteric regulation, amino acids, model-based learning, molecular visualization,
protein structure-function, student i

function relationships in order to understand complex
macromolecular interactions and higher-order processes.

Protein structure and function is fundamental to bio- Moreover, designing drugs, antibiotics, or pesticides and
chemistry. Biochemistry textbooks and classes begin with responding to disease-causing mutations represent practi-

a unit on protein structure and function because of their  cal appl

T

that rely on p how protein

role in nearly all biochemical processes. Because of the  structure directly drives biochemical function.

versatility of these macromolecules (including enzymes

Unfortunately, teaching protein structure and func-

and structural, transport, motility, and signaling pro-  tion with traditional two-dimensional (2D) methods
teins), undergraduate life science students must develop  results in crucial misunderstandings (Table ) identified
proficiency in foundational intramolecular structure-  from the literature and polling instructors.* From

Roston and Couch contributed equally to this manuscript.

chemical or stick representations of amino acids and pep-
tides, biochemistry undergraduates develop inaccurate

386 | ©200 ncernational Union of Blochemlstry and Molscular Blology  wileyonlinelibeary.com fournalfbab

Biochem Mol Biol Educ. 2020,48:356-368.

https://doi.org/10.1002/bmb.21362
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Article

Student Understanding of DNA
Structure-Function Relationships Improves
from Using 3D Learning Modules

with Dynamic 3D Printed Models

From the tDepartment of Bicchemistry, University of Nebraska, Lincaln,
Nebraska, 68588-0664, +School of Biological Sciences, University of
Nebraska, Lincoln, Nebraska, 68588-0118, §Department of Chemistry,
Doane University, Crete, Nebraska, 68333

Abstract

Understanding the relationship between molecular structure
and function represents an important goal of undergraduate
life sciences. Although evidence suggests that handling phy-
sical models supports gains in student understanding of
structure-function relationships, such models have not been
widely implemented in biochemistry classrooms. Three-
dimensional (3D) printing represents an emerging cost-
effective means of producing molecular models to help
students i igate str function We devel-
oped three interactive learning modules with dynamic 3D
printed models to help biochemistry students visualize biomo-
lecular structures and address particular misconceptions.
These medules targeted specific learning objectives related to

Keywords: DNA; RNA; student misconceptions; 3D printing; model-
based learning; nucleic acid structure and function; molecular
visualization

Introduction

Understanding the complex interdependence of macromo-
lecular structure and function represents a central goal of
undergraduate life science education, particularly within

www. uaic.ro

Michelle E. Howell ©1%
Christine S. Bootht
Sharmin M. Sikich§
Tomas Helikart
Rebecca L. Rostont
Brian A. Coucht*

Karin van Dijkt*

DNA and RNA structure, transcription factor-DNA interactions,
and DNA supercoiling dynamics. We also designed accompa-
nying assessments to gauge student learning. Students
responded favorably to the modules and showed normalized
learning gains of 43% with respect to their ability to understand
and relate molecular structures to biochemical functions. By
incorporating accurate 3D printed structures, these modules
represent a novel advance in instructional design for biomolec-
ular visualization. We provide instructors with the materials
necessary to incorporate each module in the classroom, includ-
ing instructions for acquiring and distributing the models,
activities, and assessments. © 2019 International Union of Bio-
chemistry and Molecular Biology, 47(3):303-317, 2019.

biochemistry [1-3]. However, life science students frequently
struggle to visualize and translate between the static two-
dimensional (2D) images displayed in textbooks and the
dynamic three-dimensional (3D) concepts they represent
[4-8]. Hence, many students leave life sciences classrooms
with mi: ions about structure-function relationships

Violume 47, Number 3, May/June 2018, Pages 303-317
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Biochemistry and Molecular Biology Education

[8]. One fundamental biological concept with which students
struggle is the relationship of DNA structure to its functions.
For example, students have misconceptions about the way
DNA bases are stacked and accessible to DNA binding pro-
teins, the continuity of and information presented in DNA
grooves, the flexibility and dynamic nature of DNA molecules,
and the enzymes that cleave and repair DNA [9-12]. For
example, students fail to realize that although DNA bases lie
between the DNA backbones, they are accessible to proteins
[91. As a result, students do not realize that the presented
chemical information varies between the major and minor
grooves of a specific DNA segment. Moreover, many students
do not realize that transcription factors can interact with a

303

https://doi.org/10.1002/bmb.21234
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How difficult it is to create your own 3D printable molecular model?

Let 0s wal k t hrough the process t

24.09.2024 Slide 22/ 46



Overview of the steps involved in fabricating a macromolecular model
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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.

Download structure from

Protein Data Bank in Eur:

£PDBe [I"DE PDBj

PDBor CIFfile

Visualize and prepare the model
in

1. Set the printing scale;
2. Orient the model on printing bed;
STLfile 1 3. Set printing resolution ;
4. Set shell wall thickness and infill 9%; ?w
5. Automatically add support ; 15 i ‘
6. Slice the model; —TT—

7. Send the resulting gcode to printer
(via SD-Card, USB or WiFi)

e e
GCODHile 1

Print

UCSFChimeraX

Support material

removal l

C. Clean up and finalize the physical model

v




A. Generation of the computer model (or stl file)
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1. Download and install UCSFChimeraX; T | UCSF ChimeraX o

o ALh S UCSF ChimeraX (or simply ChimeraX) is the next-generation molecular visualization program from the Resource for Biocomputing, Visualization, and Informatics (RBVI), e ot

 — following UCSF Chimera. ChimeraX can be downloaded free of charge for academic, government, nonprofit, and personal use. Commercial users, please see ChimeraX

Advantages commercia 0 Planned downtime: The ChimeraX
<o . websito, Tooished, wob services

(Blast Protein, Modeller, ...) and
ChimeraX is developed with support from National Institutes of Health R01-GM128325, Chan Zuckerberg Initative grant EOSS4-0000000439, and the Office of Cyber {epedoydonr e LI
o,

Presentations June 17-18, 2024

htt . / / I f d / h M / Documentation
User Guide cgl.

p S . WWW- C q . u CS . e u C I I I I e raX 57 Infrastructure and Computational Biology, National Institute of Allergy and Infectious Diseases. August 1, 3.6 pm P
Tutorials and Videg

Planned downtime: The ChimeraX

The
wbsite, Tooished, web services

Download ’ J
o Multichannel Light Microscopy S ks nachn
Alt t. I | - |. t- ‘th t -|| §>!‘ 5! ﬂ» June 17-18 PDT.
ernative molecular visualization programs that wi St S ek sy o et

Contact Us

work but are not covered here: e
1. Jmol - https://jmol.sourceforge.net/ —r—

hepatits B virus subvi

and adjusting threshold levels with the mouse. The menu of style options includes VOIUME"  Tne ChimeraX 1.8 production release
(translucent blobs, as in the image), surface, mesh, maximu intensity projection, single s available! See the change log for
plane, and orthoplanes. For convenience, the step size, region bounds, and display style of
different channels of the same dataset are coupled, in that changing the setting of ane
channel automatically changes it for the others.

Previous news...

The image shows human induced pluripotent stem cells, with plasma membrane in violet Upcoming Events

2. PyMOLJhttps://www.pymol.org/  some extra steps s e = et lpeerl b dereyr ot
Subs AICS-14_0.

in CAD software are required A
3. Molecular Maya -https://clarafi.com/tools/mmaya/

mitochondrial ATP synihase in whole
Polytomella cols, Dietrich L. Agip AA
6t al. Science. 2024 S

. . . Stucturalbasis for ran iExampIeImage
the plugin is free, but the Maya software is not S O ———

Germiine-targating HIV
e Calmodulin (CaM) acts as a calcium sensor. When its four Ca++ sites are fully occupied, it binds and modulates the

induces neutraiziny
CD4 binding site, Ci activity of various downstream proteins, including CaM-dependent protein kinase | (CaMKI). Here, a complex 7\

2. Open the . pdb file of yourchoicevia Fi | e > Fet cSelecoPPBandEnterDB ID

If unsure, use one these PDB IDs:
| L s e | 1BDNA

@ ChimenX
81 Fetch By ID X D‘

File Edit Select Actions Tools Favorites Presets Help

Open... Ctrl+O  otides  Graphics  Map  Mediallmage  Markers  Right Mouse Choose database
shere ipe

Fetch By ID_ il Cf,_,e-* D. E O\ ~
e Sg & & S S J o ’3 » Database Example IDs
- Cus D | Show Hde Show Mde | Sik Sohoe Bl Wie Bk | Smle S Ful | mpec tles|  AlphaFold database P29474 beti
Set Working Folder... Atoms Cartoons Styles Background Lighting Selection AlphaFold database PAE P29474 | 2| II IB
Quit cuka tog LLEd EDS (2Fo-Fc) 120m -
[ Startup Messages EDS (Fo-Fo) 1a0m 4| N S
wernnng | QCoreApplication::postEvent: Unexpected null receiver EMDB 5625 1€
wore__ | available bundle cache has not been initialized yet EMDB & it PDBs 1048 a 1AO N
You can double click a model's Name or I in the model panel to edit those fields ESMFold MGYP0005422428
UCSF ChimeraX version: 1.8 (2024-06-10) . fior
. c 2024 Regents of the University of California. All rights reserved IUPAC acetic acid lin 6VY B
JCSF
Lo g site LeL Choecrs NMR constraints 8bfg |
1mera o T fi 2FG4

PDB (biounit) 6ts0

Getstared Models a2 x 4 PDB chemical component FMN 3 KX
Name 0 @ Shown % Select Clase PDB-REDO (structure) 1cbs l J
< >
o 1EMA
Enter PDB ID:|2hht]
] trorecohet s l LY D

Close Help

Command:



https://www.cgl.ucsf.edu/chimerax/
https://jmol.sourceforge.net/
https://www.pymol.org/
https://clarafi.com/tools/mmaya/
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3. Edit/apply a visualization style to make the molecule 3D printable

www. uaic.ro

Default visualization styles in all molecular visualization software are not compatible with 3D printing

Specific visualization styles need to be applied via

<X ChimeraX et

File Edit Select Actions Tools Favorites Presets Help

Home Molecule Display ~ Nucleotides Graphics Map Medical Image Markers Right Mouse

4 c.
1 . B u tto n S & show S show @ Show J o J g @ % @ g @ @ @ _‘B

SWY,
e Ay Stick Sphere Ball Plain heteroatom  chain polymer rainbow electrostatic hydrophobic b-factor nucleotide = H- bonds Hide Sequence Interfaces
I ' I @} Hide S Hide | (OHide

an e n u S stick H-bonds

Atoms Cartoons | Surfaces Styles Coloring Analysis

Log -]

Chain information for 2hhb #1

Chain

Description UniProt
AC |HEMOGLOBIN (DEOXY) (ALPHA CHAIN) [HBA_HUMAN 1-141
BD |[HEMOGILOBIN (DEOXY) (BETA CHAIN)

HBB_HUMAN 1-146

Non-standard residues in 2hhb #1

HEM — protoporphyrin IX containing Fe (HEME)

PO4 — phosphate ion

2. CL

Models 5 X
Name ID <@ Shown %Select Close
2hhb 1 M U Hide
Show
View
Info
Command:
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A. Generation of the computer model (or
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stl file)
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The fastest and easiest way to have good -enough printable models:

NIHPresets from the ChimeraX Toolshed

In ChimeraX installvia To o |
for NIHPresets, Click on it and hit

@ @ ‘ https://cxtoolshed.rbvi.ucsf.edu/

All Bundles

Categories
EM

User Interface
Structure Analysis
Input/Output
Structure Editing
external program
MD

augmented reality
atomic structure
Sequence

Model validation
Light microscopy
Fitting

developer

Newest Releases

. printing

ArtiaX

Visualization and editing of

cryo-ET particle lists.

copick

Collaborative annotation of

cryo-electron tomograms.

NIHPresets

Presets useful for 3D

S

0 NDAQAE Qo

TetraScape

Automatically create
tetrahedral protein

ScholAR

Create augmented reality
and web browser data

clix

A powerful and intelligent
ChimeraX command line

more newest releases »

New visualization style presets are available in
menu Presets > NIH3D>

> Mo r lathdé nevowinglatv, search
Install

ChimeraX Toolshed - NIHPresets

°m

@ @|1c5f.edu/apps/chimeraxnihpresets?platform:Windows&version:1.8 o ‘0 D @ Q Q Q‘nih

Search the Toolshed

« Go back to home =

%3, NIHPresets

‘%& Presets useful for 3D printing

# W& & (1) 6057 downloads

Details Release History

Version 1.2.5

Categories: presets

This bundle adds presets useful for 3D printing. The user should be aware that these Works with ChimeraX
presets are "destructive” in that they delete solvent. ~=1.3

© Ask a question

ChimeraX via the
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Frequently used visualization styles

In ChimeraX Menu Presets > NIH3D>

Surface by chains (Printable)
Great for arguing the complementary of molecular shapes

Extremely easy to print without any processing
Works well also for large macromolecular complexes

Ribon by chains (Printable)

H-bonds and struts have been added

All elements are thicker
Works for small proteins (one chain of hemoglobine)

Can be difficult to print at times

Sticks (Printable)
Applicable only to small molecules or ligands

e e e g B
oA tk‘\" }‘{.r' o :\'% ~ f-‘
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4. Final step
In ChimeraX MenuFi | e > Save ¢
In the new window under File name: type your preferred name
under Files of type: STL (3D printing) (*. stl)
And hit Save

¥ ChimeraX o u
Home  Molecule Display ~ Nucleotides  Graphics Map Medical Image  Markers Right Mouse
BE & R ST S/ OL[ [MEILMO
Open Recent Save = Snapshot Spin = Show Hi <& Save File
movie
File Images Atoms Look in: I C:\Users\ProfesorDrHabilMariu\Desktop ~ O QO 0 @ E E
- " g x
- My Computer Name Size Type Date Modified

0 B determined trom SEQRES records

3 ProfesorDrHat EasyObdIl Workshop File..Ider 2/6/20..:32 PM 1 C determined from SEQRES records
MotoControler File..Ider 8/19/2..:11 AM 1D determined from SEQRES records
RST_V19.1.0.1001_PV File..Ider 8/19/2...40 AM re actual N termini: /A VAL 1, /B VAL 1, /C

re not actual N termini:
ke actual C termini: /A ARG 141, /B HIS 146,

e not actual C termini:

< > nmands:

se ##name='3D-printable missing structu:
File name: Save ; surface #1 enclose #1 grid 0.742301 :
Files of type: | STL (3D printing) (*.stl) ~ Cancel

»

No user-settable options F X

® $ Close ~
2hhb 1 O Hide
Show

v

< >




B. 3D Printing the computer generated model
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1. Download and install PrusaSlicer;

https://www.prusa3d.com/page/prusaslicer 424/

Alternative slicer programs used to control 3D printers:

1. Ultimaker Cura - https://ultimaker.com/software/ultimaker -cura/
2. Slic3r dhttps://slic3r.orgl/

3. Simplify3D - https://www.simplify3d.com/ _ not free

Choosing one or another depends on the printer one has available

2. Open PrusaSlicer and Cancel the configuration Wizard.

3. Download the configuration bundle. Link on the event website.
https://drive.goodle.com/file/d/1YM3sgMOEYSa7XxrpmzS5EqOsNFwNfaT8/view

4. In PrusaSlicer navigateto Menu > Fil e > | mport > I mport Config
Point to the newly downloaded file and hit Open

What we just did is to install the printer control software and configs required to run my printer


https://www.prusa3d.com/page/prusaslicer_424/
https://ultimaker.com/software/ultimaker-cura/
https://slic3r.org/
https://www.simplify3d.com/
https://drive.google.com/file/d/1YM3sqMOEYSa7XxrpmzS5EqOsNFwNfaT8/view
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4. Load the created . stl file - In PrusaSlicer navigateto Me n u
Point to the . stl file and hit Open

>

Fil e

Set

B. 3D Printing the computer generated model
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> | mport

3. Print settings

2. Material
1. Printer

4. Scale

5. Hit Slice

>

I



