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VR - What's the Fuzz?

The feeling of presence is real



Virtual Reality is not New

Gartner Hype Cycle for Emerging Technologies, 2016
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VR in Games




VR in Entertainment
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PGA Tour offers live virtual reality
coverage of No. 17 at The Players

Live-streaming from sports or music events



VR in Psychology
Itsy
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“For severe cases, it can take up to three hours to
complete. Not days, not months”

Bringing change to treatment for psychological conditions by letting people face their fears and
gradually let them go



VR in Architecture and Construction

Consumers can expect homes to be viewable before they are built



VR in Education

Taking kids where the can’t go



VR in the Human Body




Virtual Reality in Healthcare

participate in an operation through VR.



VR is Everywhere



VR also in Drug
Discovery
@AstraZeneca




VR for Drug Designers - Molecular Rift




Computer-aided Drug Design

e

3D-Shape and
electrostatics

Using data to find patterns

Generate knowledge for faster and better decisions



Multi-parameter problem
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1063 molecules R.S Bohacek et al. Med Res Rev 16 (1996) pp- 3-50.
10%* molecules: P. Ertl JCICS 43 (2003) 374-380.



..given enough time

Synthesizing 10%* molecules would take

1000000000000 000 000 years provided...

1000 chemists makes 1000 compounds each per year






We must cho;ose what to make

U0 B AW AR

Can predict nothing Can predict something
Buy more tickets Place bets based on previous knowledge
* Driven by synthesis * Driven by design



Molecules are 3D objects

AMPA

Knowledge about their 3D structure is important in most stages of drug discovery



One Simple SBDD Example

Identify empty space in binding pocket
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pdb: 1ftm (GLUTAMATE RECEPTOR SUBUNIT 2)
SBDD Review: Anderson, A. C., The Process of Structure-Based Drug Design. Chemistry & Biology 2003, 10, 787-797



One Simple SBDD Example

Fill empty space in binding pocket

pdb: 1m5b (GLUTAMATE RECEPTOR SUBUNIT 2)
SBDD Review: Anderson, A. C., The Process of Structure-Based Drug Design. Chemistry & Biology 2003, 10, 787-797



3D Molecular Tools

With the rise of efficient computers, the focus switched from physical representations to
computer generated models.

an important innovation here was the ability to display stereoscopic 3D views.



Virtual reality for Drug Designers




Virtual reality tools...

CAVEs, Head-Mounted Devices to smartphone apps using simple Google Cardboard.
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Gesture-Based Interactions

Oculus Rift

Molecular Rift v1 Molecular Rift v2
MS Kinect (X-box) Leap Motion and controller



In-game menu
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Graphical Representations

Built from scratch, using the game-engine Unity b

Objects (atom, bonds, etc) are rendered from coordinates "
parsing pdb, sdf, mol2

Small molecule representations:
lines, ball-and-stick, stick, CPK

Creating protein/DNA ribbons ™«
Intermolecular H-bonds : -
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Focus groups

| enjoyed using MolecularRift

VR tools could prove useful
in drug discovery

The VR goggles were disturbing

| experienced motion sickness

red is good [here]



Prominent testers

AstraZeneca Follow

The King of Sweden uses virtual reality to see
the future of molecular design during a visit to
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3

ol

H.M. King Carl XVI Gustaf, The Sports Minister of Chile, The Executive Vice President at AstraZeneca, The Head of
Business Development at EA Sports, The Crown Princess of Sweden, Swedish power elite ...



Some Details

Oculus Rift goggles are used to create to the VR environment.

Gesture recognition (interaction)
e Leap Motion (v2), MS Kinect (v1),

Development: game engine Unity, Leap Motion SDK, Oculus Runtime, MS Kinect vZ, and
open source cheminformatics tool-kit integrated: openbabel.

Programming: mainly C#

Code available on GitHub
— open source under the GPLv3 license



People and papers

Magnus Norrby, Master Student
Jonatan Enstrom, Student
Christoph Grebner, Post-Doc

Molecular Rift: Virtual Reality for Drug Designers

Magnue Nornrb Chnvvoph Grebaner kasm Frnkuon” and Jonas Rostriowr
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3D-Lab: a collaborative web-based
platform for molecular modeling

Medicinal
Chemistry




VR "for the people” - smartphones

Mobile apps enables VR experiences without having to invest into extensive systems.
Does not need a high-end PC to run applications.
It's truly mobile (no wires)
Hardware is cheap, if not ‘free’

(most people already have a smartphone).
Performant

Google Daydream, Samsung GearVR




VR Smartphone apps

Cardboard VR apps (Android och iPhone): carbon forms, macromolecules and stereochemistry

Web VR platform: concepts like atom orbitals, hybridization, stereochemistry, geometries and reaction
mechanisms

cduChem VR

Learning Carbor Learning Macro Leaming %Iere:?* “Chemistry VR”
- - Samsung GearVR

*hhk kR ko kkk 1 88 8 48

“Chemistry WebVR”
in the browser

Cardboards
(apps and webVR)



VR in Chemistry Education®

Vision is to engage more students in chemistry using virtual reality.

Giving us more drug designers?
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* A former student and I started a separate EdTech VR Company last year: www.educhem-vr.com



http://www.educhem-vr.com/

Use-Case and Benefits

Virtual Reality experience more efficient and better for learning?

“StereoChemistry is just one concept which is difficult to explain with paper&pen/white-board. It can take a day to put
up such an exercise using traditional methods. With your VR apps this is instant and the technology is applicable in all
our courses.” Ass Prof C-] Wallentin



The Future of VR in Drug Design

Mixed/Augmented Reality?

Drug is team work -> to multi-player
"Wow!” effect not as strong

Voice recognition

There are other VR tool than ours of course
MolDRIVE/Reality Cube, VMD, UnityMol, ChemPreview, Nano-one, A/V Lab ...



Nanome Inc.

Advanced Virtual Reality Tools for Scientific Research and Development

www.Nanome.ai
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