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OVERVIEW

1. 3D models and eureka moments.
2. Using animations to communicate molecular mechanismes.
3. Using animation as a tool for research.

4. The future of the model figure? Thoughts and directions.




3D MODELS IN SCIENCE
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FROM HTTP://WWW.CHEM.YALE.EDU/~CHEM125/125/HISTORY99/6STEREOCHEMISTRY/MODELS/MODELS.HTML



http://www.chem.yale.edu/~chem125/125/history99/6Stereochemistry/models/models.html
http://www.chem.yale.edu/~chem125/125/history99/6Stereochemistry/models/models.html

3D MODELS IN SCIENCE

FROM MODELS: THE THIRD DIMENSION OF SCIENCE, EDITED BY SORAYA DE CHADAREVIAN AND NICK HOPWOOD




3D MODELS IN SCIENGE

THE ALPHA HELIX AND THE DOUBLE HELIX
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3D MODELS IN SCIENCE
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3D MODELS IN SCIENGE

JAMES WATSON ON CONSTRUCTING BASE PAIR MODELS

HHMI

FROM HHMI'S “BIOINTERACTIVE” (HTTP://HHMI.ORG/BIOINTERACTIVE)



HTTP://hhmi.org/biointeractive
HTTP://hhmi.org/biointeractive

3D MODELS IN SCIENCE

- - o v..l/“ro
- —

- — W

———

- ." '.l

._ﬂ.l.lj..-
e 3 )

IMAGE FROM:

DICKERSON RE. CHAPTER 2: MYOGLOBIN: A WHALE OF A STRUCTURE! J MOL BIOL. 2009 SEP 11;392(1):10-23.



http://www.ncbi.nlm.nih.gov.ezp-prod1.hul.harvard.edu/pubmed?term=%22Dickerson%20RE%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov.ezp-prod1.hul.harvard.edu/pubmed?term=%22Dickerson%20RE%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract

3D MODELS IN SCIENCE

VIRTUAL MODELS
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COVERS MADE WITH PYMOL - FROM THE PYMOL WIKI




VISUALIZING THE GELLULAR MESOSCALE

“MACROPHAGE & BACTERIUM”
DAVID GOODSELL, SCRIPPS INSTITUTE




THE NEED FOR NEW MODELS IN BIOLOGY

WHY ANIMATION?

3D animation can synthesize diverse biological data ...
- protein structure

- protein activity

- dynamics

- localization

- simulation

- stoichiometry

- abundance

... allowing us to create a comprehensive visual hypothesis of a cellular
event




CLATHRIN-MEDIATED ENDOCYTOSIS

ILLUSTRATION BY PEARSE & CROWTHER, 1987

Clathrin: triskelion _$~ assembled &~
100kd—50kd proteins = receptor &

ligand «




Iwasa and Kirchhausen, Harvard Medical School, 2012



Iwasa and Kirchhausen, Harvard Medical School, 2012




CLATHRIN-MEDIATED ENDOCYTOSIS

ILLUSTRATION BY PEARSE & CROWTHER, 1987

Clathrin: triskelion _$~ assembled &~
100kd—50kd proteins = receptor &

ligand «




FOTIN, CHENG, SLIZ, GRIGORIEFF, HARRISON, KIRCHHAUSEN AND WALZ, 1994




CLATHRIN-MEDIATED ENDOCYTOSIS

ELECTRON MICROSCOPY OF CLATHRIN IN CELLS
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KIRCHHAUSEN, 2004




“Molecular 3D animations inform both the
scientist who creates them and the audience
that views them, through an active process
leading to further inquiry and discovery.”

- Tomas Kirchhausen, Harvard Medical School




BEHIND THE SCENES




THE EXPLORING ORIGINS PROJECT

%

To make current research and theories on the origin of life more accessible to the public and to
scientists through the use of dynamic molecular visualizations.

THE BROAD GOAL:

THE PLAN:

Work together with researchers
to design visualizations of their
research and current theories on
the origin of life.

Szostak Lab
MGH/Harvard

Create visualizations for use in a

multimedia exhibit at the o Museum of Science
Museum of Science.


file://localhost/Users/janet/Documents/presentations/2013_10_12_CS6630/CS6630_121013.key
file://localhost/Users/janet/Documents/presentations/2013_10_12_CS6630/CS6630_121013.key

TRANSLATING SCIENTIFIC DATA INTO A VISUAL STORY




EGNOMON

SCHOOL OF VISUAL EFFECTS

THE GNOMON EXPERIENCE

Our Courses for the Film, Game
and Broadcast Industries Come in
Several Options:

New Online Courses for 2013

Individual Courses

Entertainment Design

Digital Production for Entertainment
Entertainment Design & Digital Production
Maya Fast Track

Alumni Success Stories

Pacific Rim
Digital Matte Painter, ILM

View More »

TRAINING OPTIONS

1015 N Cahuenga Bivd

Specializing in computer graphics training for Hollywood, CA 90038
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THE EXPLORING ORIGINS PROJECT

WITH JACK SZOSTAK, MASS GENERAL HOSPITAL & HARVARD UNIVERSITY

= N

) Exploring Life's Origins: A Virtual Exhibit

L. http: / /exploringorigins.org,

weather Google Scholar Szostak Lab Highend3d Wikipedia downloads calendar




THE EXPLORING ORIGINS KIOSK

AT THE MUSEUM OF SCIENCE, BOSTON (CURRENT SCIENCE & TECHNOLOGY)
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THE EXPLORING ORIGINS PROJECT

VISUALIZING ENTRY OF SMALL MOLECULES INTO VESICLES, 2008



THE EXPLORING ORIGINS PROJECT

VISUALIZING ENTRY OF SMALL MOLECULES INTO VESICLES, 2008
&




THE EXPLORING ORIGINS PROJECT

ROLE OF HYDROTHERMAL VENTS AND FATTY ACID SYNTHESIS, 2008




ANIMATIONS IN THE PRESS

Science Times

es Puzzling Origins




VISUALIZING PROTOCELLS

(\.U 8[ C  protocell
SafeSearch

J‘}
<o
o
S

Endosymbiont Theory Protobionts

eveieot iry

\

PP It T | A apacr

\\
£J

Heatty o v s catun ol geees b

Mesoporons Endotomolylic
Siica . =\ Peptide

Nanoparticle | |

N b Targeting

" Peptide

Ligd Bilayer




VISUALIZING PROTOCELLS
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COMMUNICATING CONFIDENGE VIA RENDERING STYLE

THE ROLE OF DYNEIN IN YEAST MITOSIS

with Sam Reck-Peterson




COMMUNICATING CONFIDENGE VIA RENDERING STYLE

with Sam Reck-Peterson




ANIMATING AMYLOID FIBRILS




ANIMATING AMYLOID FIBRILS

WITH SUSAN LINDQUIST




ANIMATION AND THE SCIENTIFIC PROCESS

STEPS:

1. Define the question

2. Make observations

3. Form hypothesis

4. Perform experiment and collect data
5. Analyze data

6. Interpret data and draw conclusions

7. Publish results
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ANIMATION AND THE SCIENTIFIC PROCESS

STEPS:

1. Define the question

2. Make observations

3. Form hypothesis

4. Perform experiment and collect data
5. Analyze data

6. Interpret data and draw conclusions

7. Publish results
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STUDYING DYNEIN STRUCTURE AND FUNCTION
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Schematic illustration of dynein Physical model of the motor protein dynein
Reck-Peterson, et al., 2006 made by Samara Reck-Peterson




STUDYING DYNEIN STRUCTURE AND FUNCTION

AN EARLY ARTICULATED 3D MODEL

With the Reck-Peterson Lab




STUDYING DYNEIN STRUCTURE AND FUNCTION

AN EARLY 3D ANIMATED MODEL

With the Reck-Peterson Lab
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STUDYING DYNEIN STRUCTURE AND FUNCTION

3D PRINTED MODELS
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STUDYING DYNEIN STRUCTURE AND FUNCTION

3D PRINTED MODELS




MOLECULAR FLIPBOOK

A COMMUNITY RESOURCE FOR BUILDING AND SHARING MOLECULAR VISUALIZATIONS

(1) A 3D ANIMATION TOOLKIT

which will allow biologists to readily create molecular and
cellular animations using open-source animation software

(2) A WEBSITE AND DATABASE

where users can upload and share their animation scene files
and completed animations




MOLECULAR FLIPBOOK

TOOLKIT FEATURES & CHALLENGES

- suite of molecular animation tools built in Blender’s game engine which will
include import, modeling, animation and rendering modules.

- intuitive interface, simple controls

- ability to start creating animations after watching a short video tutorial.

Primary challenge:

How do we make 3D animation intuitive for users new to animation (and to
those returning after a long break)?




MOLECULAR FLIPBOOK

INTERFACE DESIGN: OVERVIEW

Adding slide after slide 1

Adding slide after slide 2




MOLECULAR FLIPBOOK

DEMO




MOLECULAR FLIPBOOK

FUTURE DEVELOPMENTS

+ Linker tool to connect different domains of known structure
+ Tools for creating polymers and other protein complexes
+ Use of collision detection for binding

http://MolecularFlipbook.org

/MOLECULAR
FLIPBOOK Login SignUp  Upload

Home About Download Library Tutorials News Help

" " . An open source 3D animation software using the
Molecular Flipbook Toolkit Features (Beta Version) Blender Game Engine
PDB Import Q Blobber tool
Upload molecular structures as Create a “blobby” as a stand-in for
PDB files, either from your proteins that you don't have a
computer or from the Protein Data structure file for. All you need to
Bank database. know is a molecular weight or
approximate dimensions to create
a blobby!

Animate colors and shaders In-app tutorials
It's easy to animate your The in-application tutorials launch
molecules changing color (to automatically and will walk you
signify activation, for example) and through how to use Flipbook.

0 chanae its look using the

Molecular Flipbook is a free and open-source
molecular animation software toolkit that has
been specifically designed with the needs of

biology researchers in mind. The Molecular



http://MolecularFlipbook.org
http://MolecularFlipbook.org

MOLECULAR FLIPBOOK

WEBSITE FEATURES

- searchable, easy-to-use online
database that also hosts
community/social interactions/
collaborations

- will allow users to share not
only Blender-based animation,
but also lllustrator, Photoshop
files, etc.

- provides a visual way of
following the evolution of a
hypothesis over time

Primary challenge:

How do we get users to share
their visualizations with others?

MOLECULAR
FLIPBOOK

Featured Animation

Crystal structure of the nucleosome core particle at 28 A
resolution.

FLIPBOOK

Browse Scene Files

Molecular Flipbook

An open source 3D anirmation soffware using the Blender
Game Engine

Downioad Now!

Molecular Fipbook is a free and open-source molecular
animaton software toolkit that has been specifically
designed with the needs of biology resaarchers in mind.

Browse the Library

Molecular Flipbook

An open source 30 animaton sofftware using the Blender
Game Engine

Download Now!
Molecular Fipbook Is a free and open-source molecular

animaton software toolkit that has been specifically
designed with the needs of biology researchers in mind




THE MOLECULAR FLIPBOOK TEAM

.\ Gael McGill & Piotr Sliz (Harvard Medical School)

7, co-Pls

Mike Pan Rise Riyo

Toolkit/Senior Programmer

Web/Junior Programmer




MANY THANKS LINKS

Sam Reck-Peterson, HMS

Tomas Kirchhausen, HMS

Jack Szostak and the Szostak Lab, MGH

Brad Cairns & Cedric Clapier, HCI, University of Utah

Wes Sundquist and the CHEETAH P50 Center, University of Utah
The Molecular FlipBook Team

Janet lwasa website
htip://biochem.web.utah.edu/iwasa

The Molecular Flipbook Project
http://MolecularFlipbook.org

The Exploring Origins Project
http://ExporingOrigins.org



http://iwasa.hms.harvard.edu
http://iwasa.hms.harvard.edu

