Leveraging the Protein Databank

Creating effective molecular 3D models for improving scientific
communication

Emily Adams | eadams@novavax.com
Medical lllustrator and Graphic Designer
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Pymol

Molecular model editing

https://pymol.orq/2/

Downloads

Chimera

Molecular model editing

https://www.cgl.ucsf.edu/chimera/download.html

Blender
Whole 3D pipeline (modelling, animating, lighting, etc.)

https://www.blender.org/download/
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Ove rVieW By the end of this workshop you should:

« Have a better understanding of what an
accurate protein is and why different

representations might be used

« How to export a file from the Protein Databank to

use in 3D graphics software

« How to manipulate the file in other software to
select and export different elements for use in 3D

modeling

novavax:



Why visualize molecular structures?

Communication with the public, subject matter experts, students and more

Explain complex biological processes to a general audience,

including patient communication

 Help people using the technology (ie. Healthcare providers,

public) understand how it works

* Provide internal experts with visual materials they can use to

explain the scientific concepts to external stakeholders

« Enhance understanding for employees, scientists and others

for training and improved productivity

Image 1-Protein ID: 6VXX (Closed Spike Protein)
Image 2 -Protein ID: 21BX (HA protein)

novavax:



Presenter
Presentation Notes
Why it is worth it to visualize molecular and cellular structures (generally not Novavax specific):
Visualization is one of the best ways to pragmatically communicate information. The better people understand what you are saying the more they will trust what you are saying. Additionally, its important that the graphics are accurate and consistent to further build trust and make it easier for different audiences to recognize different visual elements across materials. 

To explain processes within the body to a general audience including patient communication
To make sure people using the technology ie. Pharmacists or physicians understand how it works 
To provide our subject matter experts with visual materials they can use to explain the scientific concepts externally
To communicate to students studying molecular or cellular biology of some kind (ie. Medical students, biology students, biochemistry students, etc.)



What iIs the
protein
databank?

novavax:

Public databank of molecularly accurate proteins:

File Type: PDBs (can be converted to other types of 3D
data)

License: CCO 1.0 Universal Public Domain Dedication
Number of available Files: ~190,000

Citation instructions are available on the website

© 2022 NOVAVAX. All rights reserved. 5



https://www.rcsb.org/

What is a protein?

Molecules that compose one or more long chains of amino acids

v

Oligomer (several of the

Amino Acid (AA
(AA) same protein together)

v

Protein (many AAS)

Proteins (of all sizes) do much of the work of the cell: growth, structure, signaling, transport, etc.

© 2022 NOVAVAX. All rights reserved. 6
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Presenter
Presentation Notes
Molecules composed of one or more amino acids


Visualizing Proteins

Ribbon Diagram

The overall path of
the protein’s
backbone

Allows you to include
important features at
key locations

novavax: Protein ID: IHSA (MHCI)

Surface Structures

The combined
shapes of the
electrostatic potential
of the molecules

Can help to show
protein interactions
and fit

Reduced

A less detailed
surface diagram

Abstract

Represents subunits or
important parts of a
protein using generic
shapes

lllustrating larger-
scale pathways and
mechanisms

© 2022 NOVAVAX. All rights reserved. 7



: Go to the link below to access a PDB in the
H an dS on. protein databank and work through the
following slides to learn the basics of working
In molecular editors such as the Protein
Databank Editor, PyMol, and Chimera.

© 2022 NOVAVAX. All rights reserved. 8
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https://www.rcsb.org/structure/1IGT

Accessing the Structure in the Databank Editor

RCSB PDB Deposit + Search ~ Visualize ~ Analyze ~ Download ~ Leam ~ More ~ Documentation ~ Careers

Structure Summary 3D View Annotations Experiment Sequence Genome \ersions

. . I Display Files «
< Biological Assembly 1 @ ) 1 I GT

STRUCTURE OF IMMUNOGLOBULIN
PDB DOI: 10.2210/pdb1IGT/pdb

Classification: IMMUNOGLOBULIN
Organism(s): Mus musculus
Mutation(s): No @

Deposited: 1996-10-25 Released: 1997-07-07
Deposition Author(s): Harris, L.J., Larson, S.B., Hasel, K.W., McPherson, A.

Experimental Data Snapshot wwPDB Validation € © 3D Report || Full Report

Method: X-RAY DIFFRACTION Metric Percentile Ranks Value

Resolution: 2.80 A Clashscore [ — 1

R-Value Free: 0.297 Ramachandran outliers D 3.7%

R-Value Work: 0.209 Sidechain outliers I I G
® 3D View: Structure | 1D-3D View | R-Value Observed: 0.209 o e

' Percentile relative to all X-ray structures
Validation Re por‘[ [ percentile relative to X-ray structures of similar resalution

Global Symmetry: Asymmetric - C1 @

Global Stoichiometry: Hetero 4-mer - A2B2 @ This is version 2.0 of the entry. See complete history.

- PR, . N .. s MR

Protein ID: 1IGT (Immunoglobulin)

HOVGVQ?(' Berman, et al. 2000, The Protein Data Bank Nucleic Acids Research, 28: 235-242. rcsb.org



http://www.rcsb.org/

Adding a molecular surface in the PDB Editor

Instructions: Polymer > Add Representation > Molecular Surface

¥, Measurements

LTa

7. Measurements

Q, Structure Motif Search

@ Components

1GT

Dynamic Bonds X Off

%, Measurements

Q, Structure Motif Search

@ Components 1GT

[ Preset + Add E D
» Polymer Cartoon g
Carbohydrate 2 reprs O
Unit Cell p 1 &

Protein ID: 1IGT (Immunoglobulin)
HOVQVQ?( Berman, et al. 2000, The Protein Data Bank Nucleic Acids Research, 28: 235-242. rcsb.org

[ Preset + Add

Polymer Cartoon

» Add Representation
» Set Coloring

» Modify by Selection
d® Select This

Edit Label

» Cartoon Representation

Carbohydrate 2 reprs

Unit Cell p 1

O

Ol

Q, Structure Motif Search

@ Components 11GT
[ Preset + Add =
Polymer Catcon @ [

~ Add Representation
Cartoon
Backbone
Ball & Stick
Carbohydrate
Gaussian Surface
Gaussian Volume
Label
Line
Molecular Surface
Orientation

Point

10


http://www.rcsb.org/

Dynamic Bonds X Off

®

ra 7. Measurements

- Q_ Structure Motif Search

N @ Components 1IGT

(1 Preset + Add 5 | A

Polymer 2reps © 0O
Carbohydrate 2reps @ [
Unit Cell p 1 ®
# Density

@ Quality Assessment
% Assembly Symmetry
¥ Export Models

& Export Animation

9 Export Geometry

Protein ID: 1IGT (Immunoglobulin)
Berman, et al. 2000, The Protein Data Bank Nucleic Acids Research, 28: 235-242. rcsb.org

novavax:



http://www.rcsb.org/

Downloading the Geometry

Instructions: Export Geometry > gITF 2.0 Binary > Select File Type > Save

% Density glTF, STL, and OBJ STL and OBJ

U Quality Assessment Compatible with Blender Compatible with Cinema 4D

¥ Assembly Symmetry

% Export Models Download a .glb
&5 Export Animation

i@ Export Geometry

Format  glTF 2.0 Binary (.glb)

glTF 2.0 Binary (.glb)
St (stl)
Wavefront (.obj)

Universal Scene Description (usdz)

* Save

Protein ID: 1IGT (Immunoglobulin)
Berman, et al. 2000, The Protein Data Bank Nucleic Acids Research, 28: 235-242. rcsb.org

novavax:
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Bringing a Protein Into Blender

Instructions: File > Import > [File Type] > Select File > Import

FleN Edit Render Window Help Layout dodeling SeL : A2 Blender File View
3 c} 2\ > ¥ » . " . . "
T New b el C:\Users\whata\OneDrive\Desktop

B8 Open... _
7 Add | Object M windows (C:) 4 Date Modified
Open Recent > > i « Pack Images

¥ System Merge Vertices
Recover P LIGT.glb Today 05:51 47.2 MiB Shading Use Normal Data  ~
Home
(s Save

Save As...

+ Guess Original Bind...
Desktop
Bone Dir Temperance (avera... v
Documents
Save ggpy Downloads
Music

& Link...

& Append...
Data Previews

Pictures
Videos

Fonts

@
]
v
I
N
o
t

o Import Collada (Default) (.dae) E—

T Export Alembic (.abc)
it + Add Bookmark
Motion Capture {.bvh)
External Data
Scalable Vector Graphics {.svg)
Clean Up 5
Stanford (.ply)

Defaults Sti (.stl)

@ Quit FBX (.fbx)
glTF 2.0 (.glb/.gltf)

Wavefront f ~bit
X3D Exten: Load a gITF 2.0 file.
Protein Data Bank (.pdb)

XYZ (.xyz)
1IGT.glb Import gITF 2.0

Protein ID: 1IGT (Immunoglobulin)

HOVCJVQ?( ' CC BY-SA 3.0 Blender Foundation — www.blender.org




Protein Enters Scene

Protein may not be visible when it first comes into scene or may be very zoomed in

A% Blender

Layout

User Pefspective
/(1) Collection | Mesh_16

® l« ¢4 4 b ro »|

Protein ID: 1IGT (Immunoglobulin)

HOVGVC_I?( : CC BY-SA 3.0 Blender Foundation - www.blender.org

14



ODbject Mode to Edit Mode

Instructions: Object Mode > Edit Mode

45~ Scene
S e W BN ; ) I A Options
W] ObjectMaode » View Select Add Object 0 oees -
; Object Mode fo
dit Mode || Mesh_19

Sets the object interaction mode: Ed
5! weight Paint

#2 Texture Paint

@
@
L0
@
@
@
@
(o]
(O]
@
(o
@
@
@
L0
@
(o]
@
@
Lo
@
@
©

W, Mesh 19
MW~ Mesh 19
¥ Transform

Playback +' Keying v View Marker MHead P rée 250 3 Location X 1.5609 m
o= Z B 10.058 m
16.533 m

12( 130 140

Protein ID: 1IGT (Immunoglobulin)
CC BY-SA 3.0 Blender Foundation — www.blender.org




Decimate Geometry

Instructions: Mesh > Clean Up > Decimate Geometry > Adjust number in ratio slider

r\whata\OneDrive’ Al protein workshop file.bbend]
Select Add FMeshy Vertex Edge Face UV
Transform
Mirror Faiit Mok . BEE

Snap User Perspective
= (1) Mesh 19
Duplicate

Extrude

Merge
Split

Separate

Bisect
Knife Project

Convex Hull

Symmetrize

Snap to Symmetry

Normals
Shading
Weights
Sort Elements...
Show/Hide
Clean Up Delete Loose
Delete Decimate Geometry
Degenarata Nieeahia
Limit  Simplify geometry by collapsing edges © T oo ik e 5 T

Make Planar Faces

Split Non-Planar Faces
Split Concave Faces

Merge by Distance

*you may need to zoom in to see the polygons, reduce it based on
your needs

Protein ID: 1IGT (Immunoglobulin)
CC BY-SA 3.0 Blender Foundation — www.blender.org
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Selecting > 1 Object and Deleting Objects

Instructions: Select one object > Shift > Select the number of objects you want
Right click > Select delete

A5 Blender* [C\Users\whata\OneDrive\Desktop\IMI protein workshop file.blend]
Render Window Help Layout E &5+ Scene [ & View Layer [ Scene

G2 Y Z i Options v
View ‘Sui Add | Mesh | Vertex Face i X é s e | ; Is . g oevs vj
Ay eforT = ; .
User Perspective i Al o7 ‘!ﬂ} T AT, ; o
i S . = > B Camera
(1) Mesh 19 Mirror : 9 & S ; mera

Options

890 |
T oy
e,

Light

Snap

Duplicate g

Extrude
Merge
Split

‘
&
STl h [

Separate
Bisect

Knife Project
Convex Hull

== X Delete

Delete Hie=rohy

VOO OENS O 0

Symmetrize
Snap to Symmetry Delete selected objects and collections.
Select

Normals

Shading Select Hierarchy
Weights
Deselect
Sort Elements.. ¥

Show/Hide 2

Clean Up

Delete

Delete Loose

Decimate Geometry.

0OOLOOOOLOOOROOOOOOOOOOO

ink

Degenerate Dissolve
Limited Dissolve

Make Planar Faces

Split Non-Planar Faces

Split Concave Faces
0.0001 m
Merge by Distance
W, ~ Mesh 19
Fill Holes

¥ Transform

= e

Location X 1.5609 m
i 10.058 m
z 16.533 m

Playback v Keying v View Marker

H e 4 préel
30 0 ( i G 11( 140

00000000 EO0 I,

Protein ID: 1IGT (Immunoglobulin)
CC BY-SA 3.0 Blender Foundation — www.blender.org




Exporting Object

Click: File > Export > Select file type

User Perspective
(1) Mesh 0

Hesdq pre

10.058 m

i

novavax: Protein ID: 1IGT (Immunoglobulin)

CC BY-SA 3.0 Blender Foundation — www.blender.org
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PymOI An open source molecular visualization software, it
uses Python-based commands to control, select,
and highlight the protein in the software

© 2022 NOVAVAX. All rights reserved. 19
novavax:



https://pymol.org/2/

Downloading a PDB

Instructions: Double-click file to open in Pymol

Structure Summary 3D View Annotations Experiment Sequence Genome \ersions
( Biological Assembly 1 @ 1 IGT

STRUCTURE OF IMMUNOGLOBULIN
PDB DOI: 10.2210/pdb11GT/pdb

[ PIEERIERA @ Download Files ~

FASTA Sequence

PDB Format
PDB Format (gz)
Classification: IMMUNOGLOBULIN

Organism(s): Mus musculus PDBx/mmMCIF Format
Mutation(s): No @
PDBx/mmCIF Format (gz)

Deposited: 1996-10-25 Released: 1997-07-07
Deposition Author(s): Harris, L.J., Larson, S.B., Hasel, K.W., McPherson, A, PDBML/XML Format (gz)

Experimental Data Snapshot wwPDB Validation @ Validation Full PDF

Method: X-RAY DIFFRACTION Metric | Validation XML
Resolution: 2.80 A Clashscore
R-Value Free: 0.297 Ramachandran outliers Biological Assembly 1 (CIF - gz) @
R-Value Work: 0.209 Sidechain outliers
& 3D View: Structure | 1D-3D View | R-Value Observed: 0.209 1o Biological Assembly 1 (PDB - gz)
\alidation Report L ——

org/download/11GT.pdb

Lete
. by

novavax:

© 2022 NOVAVAX. All rights res 2d.
Protein ID: 1IGT (Immunoglobulin) 022 NO rights reserved 20

Pettersen, et al. UCSF Chimera--a visualization system for exploratory research and analysis, J Comput Chem. 2004 Oct;25(13):1605-12.



https://www.ncbi.nlm.nih.gov/pubmed/15264254

Fetching a PDB

“Fetch 11GT”

K pyMOL

File Edit Builld Movie Display 5etting 5cene Mouse Wizard Plugin Help

GL VERSION: 4.5.8 - Build 24.208.168.6344
No License File - For Evaluation Only (8 days remaining)
Detected & CPU cores. Enabled multithreaded rendering.
TITLE STRUCTURE OF IMMUNOGLOBULIN

Executiveload-Detail: Detected mmCIF
CmdLoad: "C:‘\Users\whata\OneDrive\Desktop‘\ligt.cif" loaded as "ligt".

PyMOL> fetch 11GT]

novavax: Protein ID: 1IGT (Immunoglobulin)

Open-Source PyMOL is Copyright (C) Schrodinger, LLC. pymol-open-source/LICENSE at master - schrodinger/pymol-open-source - GitHub



https://github.com/schrodinger/pymol-open-source/blob/master/LICENSE

Show Surface

Instructions: S in the right drop down menu > C to change its color

Colar:
Wi -,—-..3 | by element
lines | by chain

nonbonded
| by ==

IbH TER

pect

ribhon

cartoon

ksalmon :Hell-:n.--.ns: *Magnified view of drop-down bar
mor

novavax: Protein ID: 1IGT (Immunoglobulin)

Open-Source PyMOL is Copyright (C) Schrodinger, LLC. pymol-open-source/LICENSE at master - schrodinger/pymol-open-source - GitHub

™

22


https://github.com/schrodinger/pymol-open-source/blob/master/LICENSE

Select Residue

Instructions: Type “Select Resi #”

FyMOL> select resi 1

novavax:

Protein ID: 1IGT (Immunoglobulin)
Open-Source PyMOL is Copyright (C) Schrodinger, LLC. pymol-open-source/LICENSE at master - schrodinger/pymol-open-source - GitHub

*you should
see pink dots
show up

23


https://github.com/schrodinger/pymol-open-source/blob/master/LICENSE

Rename and Recolor Selection

Instructions: Type “Select Resi #”

Fenaming =g

Recolorthe  _

selection the |_|_|_
way you Colar:
recolored by element
the surface by

Actiaon?

rename =election
Z oo

orient

*hit enter to rename

1
dEFHEalmDHIHEllDME
zalmon
dee

campute
L
I
novavax: Protein ID: 1IGT (Immunoglobulin)
e Open-Source PyMOL is Copyright (C) Schrodinger, LLC. pymol-open-source/LICENSE at master - schrodinger/pymol-open-source - GitHub

24


https://github.com/schrodinger/pymol-open-source/blob/master/LICENSE

Make selection separate export

JI-8 Edit Build Movie Display Setting Sce

New PyMOL Window *

Wire
lines Open.. atoms and 1 obje
. » s.
nonbonder OPEH Recent... m
Get PDE..

Save Session
Save Session As..

ribbon
cartoon Export Molecule...
Export Map...
Export Alignment...
SRR NG
Export Movie As 4 VRML 2...
Log File 4 COLLADA...
Run Script... GLTF...
main chain Working Directory 4 PCOV-Ray...
zide chain . ~ STL.
Edit pymolrc
*also export the main antibody by selecting it and exporting it Reinitialize b
as an stl Quit

valence

novavax: Protein ID: 1IGT (Immunoglobulin)

Open-Source PyMOL is Copyright (C) Schrodinger, LLC. pymol-open-source/LICENSE at master - schrodinger/pymol-open-source - GitHub



https://github.com/schrodinger/pymol-open-source/blob/master/LICENSE

Selecting specific chains on your model

Instructions: Put your cursor in the command box > Type select “select chA, chain A”

by select e polRARREeM = “Cchains can be
e cxported using
the same
R —— N processto
cor export

residues, we
are not going
to do thatas a

part of this

workshop

Mouse Mode 3-Button Wiewing
Buttons L i R UWheel
y= Rota Move MowZ Slab

Selecting Residues
State 1/ L

[ [ [ b [ (W[5 [w [

Protein ID: 1IGT (Immunoglobulin)
Open-Source PyMOL is Copyright (C) Schrodinger, LLC. pymol-open-source/LICENSE at master - schrodinger/pymol-open-source - GitHub



https://github.com/schrodinger/pymol-open-source/blob/master/LICENSE

Overlay Residue on Blender File

Instructions: Open Blender > File > Import > STL > Select both the antibody and residue

A Fle Edit Render Window Help Layout Aode C Edit > ac 1 ende 3 ) - &5~ Scene

* T D B e | (0 8 BB *should come in
M, Object Mode +~ View Select Add Object 'OV ?{' i (9 i @ {j.!’)@ i L_fE 4L Overlapplng aS

e User Perspective

'_:' 4 (1) Collection | Surfacereside i~ ,:'w-,-u : Se p arate O bj e CtS

= 2

Ly W, Surfacereside
i L

ﬂ M, ~ Surfacereside
% ¥ Transform

N Location X om
. 0m
5 Y
Z om
Rotation X 0°
Y
z 0°
Mode  XYZ Euler
Scale X 1.000
Y 1.000
z 1.000

» Delta Transform
* Relations
» Collections
* |nstancing
@+ Playback v' Keying v View Marker [« ¢4 4 P ré »| » Motion Paths

12( 130 40 15 170 180 19( 200 210 22( 230 240 250 » Visibility

aete,
novavax: Protein ID: 1IGT (Immunoglobulin)
e CC BY-SA 3.0 Blender Foundation - www.blender.org




Ch Imera Open-source molecular visualization software

novava

© 2022 NOVAVAX. All rights reserved. 28



https://www.cgl.ucsf.edu/chimera/download.html

Opening a File

Instructions: Open > Select PDB

ﬁf ChimeraX

File Edit Select Actions Tools Favorites Presets Help

Home Molecule Display Mucleotides Graphics Map Medical Image Markers Right Mouse
22 J
tJ OO >
Open Recent Save  Snapshot Spin Show Hide  Show Hide Stick Sphere  Ball White Black Simple Soft  Full
maovie stick
File Images Atoms Cartoons Styles Background Lighting

Protein ID: 1IGT (Immunoglobulin)

novavax: 29
Pettersen, et al. UCSF Chimera--a visualization system for exploratory research and analysis, ] Comput Chem. 2004 Oct;25(13):1605-12.



https://www.ncbi.nlm.nih.gov/pubmed/15264254

Select Chains, Create Surface

Instructions: Select Chains in right hand menu > Go to top menu > Molecule Display > Surface

Iigr.ciftitle: % ChimeraX

Structure of immunoglobulin [more info. ] ) ) ) )
File Edit Select Actions Tools Favorites Presets Hel)

Chain information for ligt.cif #1 Home Malecule Display Nucleotides Graphics

Chain Description @
AC |IGG2A intact antibody - MAB231 - & show S show QS““‘”“ ‘3

BD |IGG2A intact antibody - MAB231 e Hide T Hide -Hide Stick Sphere  Ball Plain

stick
Non-standard residues in ligt.cif #1 r Atoms Cartoons = Surfaces Styles

BMA — beta-D-mannopyranose

FUC — alpha-L -fucopyranose

FUL — beta-L-fucopyranose {6-deoxv-B-L-galactose)

GAL — beta-D-galactopyranose

MAN — alpha-D-mannopyranose

NAG — 2-acetamido-2-deoxy-beta-D-glucopyranose

select /A:1-214
2033 atoms. 2073 bonds. 214 residues, 1 model selected

select /C:1-214

2033 atoms. 2073 bonds, 214 residues, 1 model selected

select /D:1-474
4232 atoms, 4330 bonds, 444 residues, 1 model selected

show sel surfaces

Models

e,

novavax: .
Protein ID: 1IGT (Immunoglobulin)
o Pettersen, et al. UCSF Chimera--a visualization system for exploratory research and analysis, ] Comput Chem. 2004 Oct;25(13):1605-12.



https://www.ncbi.nlm.nih.gov/pubmed/15264254

Other types of selections in chimera

<& ChimeraX - O X

File Edit Select Actions Tools Favorites Presets Help

Home I Chemistry »  faphics Map Medical Image Markers Right Mouse
g gSssJes[ M

t ot Residues o

Open Rece ST y | Hide Show Hide Stick Sphere g;!k White Black Simple Soft  Full

I_ File _ toms Cartoons Styles Background Lighting

Zone...

Log a

Clear Prsa— E— . — - —
No such file/path: C:\Users\whata\OneDrive\Desktop'ligt.cif
open "C:/Users/whata/OneDrive/Desktop/ligt (1).pdb"

(1)
Broaden Structure of immunoglobulin [more info...]
Narrow

Menu Mode: Replace 4 / Chain information for ligt (1).pdb #1

Invert
All

User-Defined Selectors * - ) Chain Description
Define Selector... i AC |IGG2A intact antibody - MAB231
BD |IGG2A intact antibody - MAB231

Non-standard residues in ligt (1).pdb #1

BMA — B-D-mannopyranose

FUC — a-L-fucopyranose

FUL — p-L-fucopyranose (6-deoxy-p-L-galactose)

GAL — B-D-galactopyranose

MAN — g-D-mannopyranose

NAG — 2-acetamido-2-deoxy-f-D-glucopvranese

select ::name="GLU"
604 atoms. 548 bonds_ 60 residues, 1 model selected

select sequence 2
Nothing selected

select thiocarbonyl
Nothing selected

Models 5 X
Name D = § Close
tigt (1).pdb i 4 0 Hide
Show
View

novavax:

Protein ID: 1IGT (Immunoglobulin)
Pettersen, et al. UCSF Chimera--a visualization system for exploratory research and analysis, J Comput Chem. 2004 Oct;25(13):1605-12.



https://www.ncbi.nlm.nih.gov/pubmed/15264254

Export a File

Instructions: File > Save

i ﬁf Chimerax
| File Edit Select Actions Tools

pen... tri+ |
| O Ctrl+O
Open DICOM Folder...

‘ Close Session
b Quit Ctrl+Q

—

novava

B Protein ID: 1IGT (Immunoglobulin)
Pettersen, et al. UCSF Chimera--a visualization system for exploratory research and analysis, ] Comput Chem. 2004 Oct;25(13):1605-12.
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Useful resources to help you get started

« PyMol Command References: * Blender for Biochemists YouTube Chanel:
https://pymol.org/pymol-command-ref.nhtml https://www.youtube.com/c/BradyJohnston

« Additional Proteins: https://charmm- « Luminous Labs Blender for Scientists Youtube
qui.org/?doc=archive&lib=covid19 Channel: https://www.youtube.com/c/LuminousLab

Animation in Chimera:

* Visualizing Mutations: https://pcur.princeton.edu/

2021/05/visualizing-covid-19-mutations-using- https://www.youtube.com/watch?v=SpfVA450AuUA

pymol-a-university-provided-resource/

 Blender for Scientists CG Figures YouTube

Chanel: https://www.youtube.com/c/CGFigures/f

eatured

novavax: 33



https://charmm-gui.org/?doc=archive&lib=covid19
https://charmm-gui.org/?doc=archive&lib=covid19
https://pcur.princeton.edu/2021/05/visualizing-covid-19-mutations-using-pymol-a-university-provided-resource/
https://pcur.princeton.edu/2021/05/visualizing-covid-19-mutations-using-pymol-a-university-provided-resource/
https://pcur.princeton.edu/2021/05/visualizing-covid-19-mutations-using-pymol-a-university-provided-resource/
https://www.youtube.com/c/CGFigures/featured
https://www.youtube.com/c/CGFigures/featured
https://www.youtube.com/c/BradyJohnston
https://www.youtube.com/c/LuminousLab

Thank you!

Emily Adams | eadams@novavax.com
Medical lllustrator and Graphic Designer

novavax
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