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Contents

Introduction

- Structure function relationships

- Elements of protein structure

- Visualization software and databanks of
protein structures

Protein samples for structural studies

- Recombinant proteins

- Expression and purification

- Evaluation of sample quality and purity
- Analysis of conformational stability

Practical experiences

- Crystallization of a protein sample

Biocrystallography

Crystallization of proteins

Symmetry in crystals
Non-crystallographic symmetries
Basic concepts of diffraction physics
Instruments

Diffraction data collection techniques
Phase problem in crystallography
Refinement of the structural model
Validation

Transmission electron microscopy

Basic concepts of optics for TEM
Instruments

Single particle techniques
Image analysis

3D reconstruction from images
Validation

Electron crystallography

- Sample preparation for data collection
- Data collection at the Elettra Synchrotron
- Data analysis, structure solution and refinement



Objectives of the course

Knowledge of:

Basic elements of 3D structure of proteins

Main characteristics of crystals and crystallization techniques

Physical basis of X-ray diffraction

X-ray data collection techniques, structural determination and refinement
Techniques of structural determination by electron microscopy

Electron microscopy data analysis up to structure validation

Apply knowledge to:

Describe the 3D structure of a protein

Plan a X-ray diffraction or electron microscopy experiment, from expression to structure
Highlight main reasons to chose a structural biology technique over the others

Recognize crucial factors that can improve/hamper a structural biology experiment

Identify significant information that can be obtained from a protein structure

Evaluate quality and reliability of a protein structure obtained through crystallography or EM

Communicate:

Read and understand a structural biology paper, discussing critical aspects

Obtain useful information from the available online databases of protein structures
Present a structural biology study, highlighting useful information obtained from structures
Obtain images of a protein structure to describe its main features

Highlight structure-function relationships



Structure-function relationship

 Mechanisms of biologically relevant proteins and complexes: e.g.
Potassium channel
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Structure-function relationship

Mechanisms of biologically relevant proteins and complexes: e.g.
ribosome

PDB: 1fft




Structure-function relationship

Mechanisms of biologically relevant proteins and complexes: e.g. virus

PDB: 1w8x




Structure-function relationship

Mechanisms of biologically relevant proteins and complexes: e.g. ATP-
synthase

PDB: 5are, 5fil,
5fij, 5fik, 5ara,
5ari, 5arh




Structure-function relationship

* Drugdesign: e.g. HIV protease inhibitors, GPCR receptors

PDB: 3q70 PDB: 6gt3



Structural biology: techniques

X-ray NMR I?Iectron
crystallography Microscopy
Protein size No limitation < 80 KDa > 100 kDa
Resolution Atomic Atomic >2 A
Low res: 1975
First structure 1957 1985 Medium res:1990
High res: 2015
Dynamics No Yes (Yes)
| I lysi
Main bottlenecks | Crystallization s.otope Mage an.a ys.ls,
enrichment model validation

Different structural biology techniques give
complementary results!!




Biocrystallography
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| I l I I | |
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First protein structures determined by
X-ray crystallography

* Myoglobin from sperm whale * Lysozyme from chicken egg whites




First protein structures determined by
X-ray crystallography

* Myoglobin from sperm whale * Lysozyme from chicken egg whites

PDB: 1vxa

PDB: 1vxa



A biocrystallography experiment
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A biocrystallography experiment
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Databank resources: PDB (www.rcsb.org)

RCSB PDB Deposit + Search v Visualize v Analyze + Download v Learn~ More v

(=] 161470 Biological ..
& Macromolecular Structures fe rritin
o Enabling Breakthroughs in

PROTEIN DA T A B A Nl( Research and Education

WORLDWIDE
EPDB @pnarcor: ]| mume
PROTEIN DATA BANK Unified Oats Resource

Advanced Search | Browse by Annotations

Ty Worldwide
Protein Data Bank
Foundation

A Structural View of Biology

H Welcome This resource is powered by the Protein Data Bank
archive-information about the 3D shapes of proteins,
nucleic acids, and complex assemblies that helps
students and researchers understand all aspects of
biomedicine and agriculture, from protein synthesis to

Q Search health and disease.

The RCSB PDB builds upon the data by creating tools
and resources for research and education in molecular
biology, structural biology, computational biology, and
beyond.

|
March Molecule of the Month '_

# Deposit

L4l Visualize

i22 Analyze
COVID-19

e Resources




Databank resources: PDB (www.rcsb.org)

RCSB PDB Deposit v+ Search~ Visualize v Analyze + Download v Learn~ More ~

419 Structures 41 Unreleased Structures 151 Citations 112 Ligands 2 News & PDB-101 Articles

Search Parameter: # Refine Search

Text Search for: ferritin

Refinements Currently showing 1 - 25 of 419 Page: 1 of 17 — Previous | Next— Displaying 25 v | Results
ORGANISM
View: Reports: Sort:
Equus caballus (87) , ' ' ] L
Detailed |+ Select a Report ~ | Match score: Higher to Lower ~

Homo sapiens (76)

Lithobates catesbeianus (47)

Escherichia coli (24)
Pseudo-nitzschia multiseries

e 6A4U
Mycolicibacterium smegmatis
(12) The first crystal structure of crustacean ferritin that is a hybrid

Synechococcus sp. CC9311

(11)
Other (146)

type of H and L ferritin

(2018) Protein Sci 27 1955-1960

UNIPROT MOLECULE ©3D Vié\;r Released: 8/22/2018 Macromolecule:
NAME Method: X-ray Diffraction Ferritin (protein)
Ferritin light chain (98) Resolution: 1.16 A Unique Ligands: CL, EDO, MG, SO4



Databank resources: PDB (www.rcsb.org)

RCSB PDB Deposit + Search v Visualize v+ Analyze v+ Download v Learn~ More ~

- I 161470 Biological
m D Macromolecular Structures Search by PDB ID, author, macromolecule, sequence, or ligar
i ¥ Enabling Breakthroughs in

p ROTEIN DATA BAN K Research and Education Advanced Search | Browse by Annotations

wWORLDWIDE
SPDE  EMDataResotrce NUELEIC ACID
PROTEIN DATA BANK Uniflod Dirta Resosires for IDEM DRTABASE

Structure Summary 3D View Annotations Sequence Sequence Similarity Structure Similarity Experiment

< Biological Assembly 1 B Displey Fhes v

The first crystal structure of crustacean ferritin that is a hybrid type of Hand L
ferritin

7Y Worldwide
Protein Data Bank
Foundation

‘44-‘. ;:1. DOI: 10.2210/pdb6A4U/pdb

Classification: METAL BINDING PROTEIN
Organism(s): Penaeus japonicus

Expression System: Escherichia coli EL21(DE3)
Mutation(s): 1

Deposited' 2018-06-21 Released: 2018-08-22

Funding Organlzatlon(s). Japan Somety for the Promotton of Smence

P B0 1 N5 W - . ki o ik e T8 dhiat




Databank resources: PDB (www.rcsb.org)

RCSB PDB Deposit v+ Search v Visualize + Analyze v Download v Learn~ More v

Funding Organization(s): Japan Society for the Promotion of Science

& 3D View: Structure | Electron Density |

Ligand Interaction Experimental Data Snapshot wwPDB Validation & 3D Report | Full Report

Method: X-RAY DIFFRACTION Metric Percentile Ranks Value
Standalone Viewers Resolution: 1.16 A Riree I ] 0.157
Protein Workshop | Ligand Explorer R-Value Free: 0.157 Clashscore M | 7

R-Value Work: 0.138 M S — p———
Global Symmetry: Octahedral - O (3D ittty S— S

: RSRZ outliers N P 2.7

View) Warse Berer
Global Stoichiometry: Homo 24-mer ;:z:ﬁe:ﬁ‘f':"j*'jm:‘l’:mm

- A24

Biological assembly 1 assigned by This is version 1.1 of the entry. See complete history.

authors and generated by PISA (software)

Biological Assembly Evidence: gel Literature Desriiag PHmaly GESoN

filtration

The first crystal structure of crustacean ferritin that is a hybrid type of H
and L ferritin
Macromolecule Content

* Total Structure Weight: 120841.39 W e
2018) Protein Sci. 27: 1955-1960
« Atom Count: 9619 (2018) Protein Sci

e Residue Count: 1014 V1)) o RV YA W Search on PubMed [ Search on PubMed Ceniral
e Unique protein chains: 1 DOI: 10.1002/pro.3495
PubMed Abstract:

files.resb.org/pub/pdb/validation_reports/ad/6adu/6adu_full_validation.pdf m’ B Ublqmt?usrlrorl storage protein, has B CFl.{CIEIl ro'? £ 'fmat? immunity in aﬁhr?pOFjs,



Databank resources: PDB (www.rcsb.org)

RCSB PDB Deposit + Search v Visualize v Analyze v Download v+ Learn~ More ~

Macromolecules

Find similar proteins by: Sequence | Structure

Entity ID: 1
Molecule Chains Sequence Length Organism Details
Ferritin AB.CDEF 169 Penaeus japonicus Mutation(s): 1
EC: 1.16.3.1 _
Find proteins for T2B7E1 (Penaeus japonicus) C
Full Protein Feature \
Protein Feature View a

Bl Secstruc

PDB Validation




Databank resources: PDB (www.rcsb.org)

RCSB PDB Deposit v+ Search v Visualize v Analyze v Download v Learn~ More ~

Small Molecules

Ligands T
ID Chains Name / Formula / InChl Key 2D Diagram & Interactions 3D Interactions
S04 A,B,C,D,E,F  SULFATE ION o
Query_on SO4 048 Il
QAOWNCQODCNURD- 0—s—
Download SDF File @ UHFFFAQYSA-L Cl)
Download CCD File ®
CL B CHLORIDE ION
Query on CL Cl
VEXZGXHMUGYJMC- Cl-
Download SDF File ® UHFFFAQYSA-M
Download CCD File ®
EDO AB,C,D,E.F  1,2-ETHANEDIOL
Query on EDO ETHYLENE GLYCOL
Cy Hp Oo - __\—
Download SDF File ® LYCAIKOWRPUZTN- OH
Download CCD File ® UHFFFAOYSA-N
MG ¢, D, F MAGNESIUM ION
Query on MG Mg

YN J/COWVED Ly KW - - i I |



Databank resources: PDB (www.rcsb.org)

RCSB PDB Deposit + Search v Visualize v Analyze v+ Download v+ Learn ~ More « -

Experimental Data & Validation

Experimental Data Structure Validation
Method: X-RAY DIFFRACTION Unit Cell: View Full Validation Report or Ramachandran Plots
Resolution: 1.16 A Length (A) Angle (°) Metric Percentile Ranks Value
R-Value Free: 0.157
R-Value Work: 0.138 a=124.872 a = 90.00 Riree I 0 0.157
; Clashscore I 0 T 7
Space ot Ia b =124.872 B =90.00
Ramachandran outliers I (] T 0.1%
c=175.683 y =90.00 Sidechain outliers I 0 P 1.4%
RSRZ outliers I D .7 %
Waorse Better

Software Package:

B Percentile relative to all X-ray structures

Software Name Purpose [ Percentile relative to X-ray structures of similar resolution
MOLREP phasing

HKL-2000 data reduction

PHENIX refinement

HKL-2000 data scaling

View more in-depth experimental data




Databank resources: EMDB
(www.ebi.ac.uk/pdbe/emdb/)

EMBL-EBI Services | Research Training About us -
Protein Data Bank
in Europe

Bringing Structure to Biology

EM resources

«; Share ¥ Feedback

Read about EMPIAR and the EMBL-EBI BioImage Archive in Nature News, 2 March 2020. X
o Home
o Statistics The EMDB 10,000 entries celebratory poster is now available. Access it by clicking here
o Validation
o EMDataResource
o EMPIAR The Electron Microscopy Data Bank (EMDB) at PDBe
o Test data
o 3DEM history
EMDB Quick access
¢ Latast maps Click on one of these categories:
o Latest headers e g
o Latest updates ?{f‘_}a’?f" e N
o Search b
o Browse ." .:;5"
o FTP archive AL
o Deposit EM map/model Ribosome Virus GroEL Microtubule Polymerase Helicase
o EMDB data model
o FAQ
o Policies W
o 10,000 entries poster S A

| W e
Human HIV Entries with Single particle Tomography Helical <54 resolution

fitted models reconstruction




Databank resources: EMDB
(www.ebi.ac.uk/pdbe/emdb/)

EMBL-EBI Services | Research @ Training | About us
L LR "‘“‘aﬁ

Protein Data Bank in Europe | N -

Bringing Structure to Biology

Examples: hemoglobin, BRCA1_HUMAN Advanced search
e

®. Feedback

Single particle reconstruction

EMDB > EMD-0632

i ¥ L Map released: # EMD-0632 overview
Rotavirus A-VP3 (RVA-VP3) e s

& Experiments and Validation

Source organism: Rotavirus A [28875]

Fitted atomic model: 606b

@ \iew
&, Downloads

3Dbionotes: available for this entry

To be published =
© \/olume viewer

© \/olume slicer

© \isual analysis

Function and Biology &l Details  Experimental Information &) Details

Sample name: VP3 Resolution: 2.7A Related entries

Ligand: GUANOSINE-5'-MONOPHOSPHATE Resolution method: FSC 0.143 CUT-OFF Q, By authors

Proteins: VVP3, Protein VP3 Applied symmetry: D2 Q By sample
Reconstruction software: RELION Q, By organism
Microscope: JEOL 3200FsC

Detector: GATAN K2 SUMMIT (4k x 4k)



Structure atomic coordinates: pdb file

RCSB PDB Deposit + Search ~ Visualize ~ Analyze ~ Download ~ Learn ~ More ~

161470 Biological
Macromolecular Structures Search by PDB ID, author, macromolecule, sequence, or ligands

D Enabling Breakthroughs in

PROTEIN DATA BAN K Research and Education

= WORLDWIDE . . ¥ Warldwide
f POR-101 Pl =dn] =l EMDataResource ll[ﬂm NOGLEIERCID | Protein Dats Bank
: R ey i s s o 20 BATABASE Faundation

Structure Summary 3D View Annotations Seguence Sequence Similarity Structure Similarity Experiment
{ Transmembrane View }
F
4

transmembrane regions

Advanced Search | Browse by Annolations

I Display Filg

28 ® Download Files ~

2YDO

Thermostabilised HUMAN A2a Receptor with adenosine bound
DOI: 10.2210/pdb2YDO/pdb

Classification: RECEPTOR
Organism(s): Homo sapiens
Expression System: Trichoplusia ni
Mutation(s): 5 @

Deposited: 2011-03-23 Released: 2011-05-18
Deposition Author(s): Lebon, G., Warne, T., Edwards, P.C., Bennett, K., Langmead, C.J., Leslie, A.G.W., Tate, C.G.

Experimental Data Snapshot wwPDB Validation & 3D Report || Full Report
k Method: X-RAY DIFFRACTION Metric Percentile Ranks Value

Resolution: 3 A Clashscore I - fj— s

R-Value Free: 0.269 Ramachandran outliers I 0

.. T - R-Value Work: 0.244 Cdnnhnin nuiline sosii— 1 <o



Structure atomic coordinates: pdb file

RCSB PDB Deposit + Search ~ Visualize ~ Analyze v Download + Learn ~ More ~

- 161470 Biological

«k\:_q i Macromolecular Structures Search by PDB ID, author, macromolecule, sequence, or ligands
__ >’ Enabling Breakthroughs in

FROTEIN DATA BANK Heseamh i tduction Advanced Search | Browse by Annotations

Ny Worldwide
Proteln Data Bank
Feundation

Structure Summary 3D View Annotations Sequence Sequence Similarity Structure Similarity Experiment

< Transmembrane View 2Y D O

transmembrane regions [ b

A $PDE @npon ] D

Unified Data Reseures for SDEM

I Display Files + ® Download Files +

Thermostabilised HUMAN A2a Receptor with adenosine
DOI: 10.2210/pdb2YDO/pdb

PDB Format
PDB Format (gz

Classification: RECEPTOR
Organism(s): Homo sapiens PDBx/mmCIF Format
Expression System: Trichoplusia ni
Mutation(s): 5 @ PDBx/mmCIF Format (gz)
Deposited: 2011-03-23 Released: 2011-05-18 PDBML/XML Format (gz)
Deposition Author(s): Lebon, G., Warne, T., Edwards, P.C., Bennett, K., Li

Biological Assembly 1

Experimental Data Snapshot wwPDB Validation

Method: X-RAY DIFFRACTION Metric Structure Factors (CIF)
Resolution: 3 A Clashscore BB Structure Factors (CIF - gz)
R-Value Free: 0.269 Ramachandran outliers IR

- e - R-Value Work: 0.244 Clidnnbnin noiline. B AL Lo KAaem IPEORIA



Structure atomic coordinates: pdb file

E 2ydo.pdb - Blocco note di Windows = [

File Modifica Formato Visualizza 7

L A

<=a4ni
KEYWDS
AUTHOR
AUTHOR
REVDAT
REVDAT
REVDAT
REVDAT
JRNL
JRNL
JRNL
JRNL

DM

SN oW

2
3
4
5
6
7
8
9
(%]

[
=

2
4
3
2
1

DT P Fi, )

THERMOSTABILISED HUMAN A2A RECEPTOR WITH ADENOSINE BOUND
MOL_ID: 1;

MOLECULE: ADENOSINE RECEPTOR A2A;

CHAIN: A;

FRAGMENT: RESIDUES 1-317;

SYNONYM: THERMOSTABILISED HUMAN A2A RECEPTOR;
ENGINEERED: YES;

MUTATION: YES
MOL_ID: 1;

ORGANISM_SCIENTIFIC: HOMO SAPIENS;
ORGANISM_COMMON: HUMAN;

ORGANISM_TAXID: 9606;

TISSUE: BRAIN;

EXPRESSION_SYSTEM: TRICHOPLUSIA NI;
EXPRESSION_SYSTEM_COMMON: CABBAGE LOOPER;
EXPRESSION_SYSTEM_TAXID: 7111;
EXPRESSION_SYSTEM_CELL_LINE: HIGH FIVE;
EXPRESSION_SYSTEM_VECTOR_TYPE: BACULOVIRUS:
EXPRESSION SYSTEM PLASMID: PBACPAKS

O O (o2 o[0/AM=1oo TA - PTG o X

BOUND

G.LEBON,T.WARNE,P.C.EDWARDS,K.BENNETT,C.J.LANGMEAD,A.G.W.LESLIE,

C.G.TATE
©3-APR-19 2YDO il SOURCE
22-JUN-11 2YDO s JRNL
©1-JUN-11 2YDO I REMARK MASTER

18-MAY-11 2YDO 0
AUTH G.LEBON,T.WARNE,P.C.EDWARDS,K.BENNETT,C.J.LANGMEAD,
AUTH 2 A.G.W.LESLIE,C.G.TATE
TITL AGONIST-BOUND ADENOSINE A(2A) RECEPTOR STRUCTURES REVEAL
TITL 2 COMMON FEATURES OF GPCR ACTIVATION.

[ o N ml MATIIDEC \Y) AT A CY1 a1

FORM, THERMOSTABILISING POINT MUTATIONS, GPCR, 7TM RECEPTOR

Information
about the
protein

Information
about the
publication



Structure atomic coordinates: pdb file

B 2ydo.pdb - Blocco note di Windows =5 ] X

File Modifica Formato Visualizza ?

B EMAR K o

REMARK 3 DATA USED IN REFINEMENT.

REMARK 3  RESOLUTION RANGE HIGH (ANGSTROMS) : 3.00

REMARK 3  RESOLUTION RANGE LOW (ANGSTROMS) : 60.42

REMARK 3  DATA CUTOFF (SIGMA(F)) : NULL

REMARK 3  COMPLETENESS FOR RANGE (%) : 93.5

REMARK 3  NUMBER OF REFLECTIONS : 18556 .
e Information
REMARK 3 FIT TO DATA USED IN REFINEMENT. about
REMARK 3  CROSS-VALIDATION METHOD : THROUGHOUT

REMARK 3  FREE R VALUE TEST SET SELECTION : RANDOM CrVStal
REMARK 3 R VALUE (WORKING + TEST SET) : ©.246

REMARK 3 R VALUE (WORKING SET) : 0.244 structure
REMARK 3  FREE R VALUE : 9.269 and
REMARK 3  FREE R VALUE TEST SET SIZE (%) : 5.200 ]

REMARK 3  FREE R VALUE TEST SET COUNT . 575 refinement
REMARK 3

REMARK 3 FIT IN THE HIGHEST RESOLUTION BIN.

REMARK 3  TOTAL NUMBER OF BINS USED : 20

REMARK 3  BIN RESOLUTION RANGE HIGH (A) : 3.00

REMARK 3  BIN RESOLUTION RANGE LOW (A) : 3.e8

REMARK 3  REFLECTION IN BIN (WORKING SET) : 745

REMARK 3  BIN COMPLETENESS (WORKING+TEST) (%) : 91.87

REMARK 3  BIN R VALUE (WORKING SET) : ©.3360

REMARK 3  BIN FREE R VALUE SET COUNT : 35

REMARK 3 BIN FREE R VALUE . 9.2600

REMARK 3

REMARK 3 NUMBER OF NON-HYDROGEN ATOMS USED IN REFINEMENT.

REMARK 3  PROTEIN ATOMS : 2410

REMARK 3  NUCLEIC ACID ATOMS : 0

REMARK 3  HETEROGEN ATOMS : 59

REMARK 3  SOLVENT ATOMS . 18

REMARK 3




Structure atomic coordinates: pdb file

E 2ydo.pdb - Blocco note di Windows

File Modifica Formato Visualizza ?

REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK

(AL

200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200

EXPERIMENTAL DETAILS
EXPERIMENT TYPE

DATE OF DATA COLLECTION
TEMPERATURE (KELVIN)
PH

NUMBER OF CRYSTALS USED

SYNCHROTRON (Y/N)
RADIATION SOURCE

BEAMLINE

X-RAY GENERATOR MODEL
MONOCHROMATIC OR LAUE (M/L)
WAVELENGTH OR RANGE (A)
MONOCHROMATOR

OPTICS

DETECTOR TYPE

DETECTOR MANUFACTURER
INTENSITY-INTEGRATION SOFTWARE
DATA SCALING SOFTWARE

NUMBER OF UNIQUE REFLECTIONS
RESOLUTION RANGE HIGH (A)
RESOLUTION RANGE LOW (A)
REJECTION CRITERIA (SIGMA(I))

OVERALL.
COMPLETENESS FOR RANGE (%)
DATA REDUNDANCY
R MERGE (I)
R SYM (I)

<I/SIGMA(I)> FOR THE DATA SET

: X-RAY DIFFRACTION
: 09-DEC-10

160

i Tub
2

£EY
: DIAMOND

I24

: NULL
M

: 8.9778
: NULL

: NULL

PIXEL

: DECTRIS PILATUS &M
: MOSFLM
: SCALA

¢ 18556

3.000

1 79.340
. ©.000

£:83.9
: 2.600
. 0.10000
¢ NULL
: 7.1e00

Information
about the
crystallogra
phic
experiment



Structure atomic coordinates: pdb file

£ 2ydo.pdb - Blocco note di Windows

File Modifica Formato Visualizza ?

SITE 3 AC1 11 HOH A2016 HOH A2017 HOH A2018
SITE 1 AC2 1 TYR A 179

SITE 1 AC3 5 GLY A 142 TRP A 143 ASN A 144 ASN A 145

.000000 1.000000

ORIGX2

. 000000
ORIGX3 .000000 0.000000 .0000L0e0o
SCALE1l

.000000 0.010114 . 000000

0

1
.013078 ©.000000 ©0.000798

%]

b O ® ® ®

SCALE2

A -28.148 4.590

H A -26.785 4.701

H A -26.419 6.159

H A -26.103 6.886

H A -25.744  4.037

H A \_~26.087 2.689

R A -£0.450 0.5/4 =
A 7 -26.153 7.952 -5.306 1.
A 7 -24.758 8.391 =5.751 1.
A 7 -24.497 9.586 -5.902 1.
A 7 ~26:313 8.125 -3.794 1.
A 7 -25.474 7.228 -3.088 1.
A B8 -23.879 7.409 -5.959 1.
A 8 =22.535 7.626 -6.501 1.
A B8 -22.622 8.258 -7.895 1.
A 8 -21.895 9.207 -8.205 1.
A B8 -21.739 6.295 -6.599 1.
A B -20.249 6.568 -6.638 1.
A B -22.087 5.356 -5.443 1.
A 9 -23.521 7.717 -8.719 1.
A 9 -23.812 8.252 -10.048 1.
A 9 -24.618 9.551 =9.966 1.
A 9 -24.331 10.506 -10.688 1.

RYST1 76.465 98.869 79.516 ©96.00 93.49 99.006 C 1 2 1

DﬁﬁZﬁﬁﬁDﬁﬁZDﬁOﬁﬁ{DﬁDﬁﬁZ

Unit cell
and
symmetry

List of atoms

with:

1. Atom name

2. Residue
type and
number

3. Chain

4. Cartesian
coordinates

5. Occupancy

6. Thermal
factor

7. Atom type



Structure atomic coordinates: mmcCIF file

RCSB PDB Deposit + Search ~ Visualize ~ Analyze v Download + Learn ~ More ~

- 161470 Biological

«k\:_q i Macromolecular Structures Search by PDB ID, author, macromolecule, sequence, or ligands
__ > Enabling Breakthroughs in

FROTEIN DATA BANK Heseamh i tduction Advanced Search | Browse by Annotations

Ny Worldwide
Proteln Data Bank
Feundation

A $PDE @npon ] D

Unified Data Reseures for SDEM

Structure Summary 3D View Annotations Sequence Sequence Similarity Structure Similarity Experiment

< Transmembrane View 2Y D O
FASTA Sequence

transmembrane regions [ b

Thermostabilised HUMAN A2a Receptor with adenosine bou

PDB Format

DOI: 10.2210/pdb2YDO/pdb

Classification: RECEPTOR
Organism(s): Homo sapiens
Expression System: Trichoplusia ni
Mutation(s): 5 @

Deposited: 2011-03-23 Released: 2011-05-18 PDBML/XML Format (gz)
Deposition Author(s): Lebon, G., Warne, T., Edwards, P.C., Bennett, K., Li

Biologica embl

Experimental Data Snapshot wwPDB Validation

Method: X-RAY DIFFRACTION Metric Structure Factors (CIF)
Resolution: 3 A Clashseore Structure Factors (CIF - gz
R-Value Free: 0.269 Ramachandran outliers IR

- e - R-Value Work: 0.244 Clidnnbnin noiline. B AL Lo KAaem IPEORIA

for the electron density!!!
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Graphical software:
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in the old days...

ical software:

Graph
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Graphical software: in the old days...
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Graphical software:... today
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Graphical software:... today




Graphical software: Pymol
1. Download: https://pymol.org/2/

PyMOL by Schrodinger

PyMOL is a user-sponsored molecular
visualization system on an open-source
foundation, maintained and distributed

by Schrodinger.

We are happy to introduce




Graphical software: Pymol
1. Download: https://pymol.org/2/

PyMOL by Schrodinger SCREEN SHOTS PRODUCTS SUPPORT CONTACT

These bundles include Python 3.7

@ o &

W:ndows macOS Linux




Graphical software: Pymol
1. Download: https://pymol.org/2/

Apertura di PyMOL-2.3.4_0-Windows-x86_64.exe

E stato scelto di aprire:

PyMOL-2.3.4 0-Windows-x86_64.exe

tipo: Binary File (303 MB)
da: https://pymol.org

Salvare questo file?

e




2. Open and load pdb file

74 PyMOL Tel/Tk GUI

File Edit Buld Movie Display Setting Scene Mouse Wizard Plugin

Help Tutorial

PyMOL (™) Incentive Product - Copyright (C) 2006 DeLano Scientific LLC.

Reset | Zoom | Draw | Ray | Rock

Unpick I Deselect I Get View

A current PymOL Maintenance and/or Support Subscription may be required
for 1egal use of this Build beyond a finite honor-system evaluation period.

1< | < | stop | Pay | > | >I | MClear

Please visit http://www.pymol.org/funding. html for more information.

Command J Builder

This PyMOL Executable Build incorporates Open-Source PyMOL 0.99rce.

W PyMOL Viewer

NOTICE: This PyMOL Executable Build is Copyright © 2006

Delano Scientific LLC, South San Francisco, California, U.S.A. Incentive Product
All rights not explicitly granted below are reserved. Based on PyMOL v0.99
Terms of Usage .

This PyMOL Executable Build is for use by PyMOL sponsors who have . . .
purchased a current PyMOL Maintenance and/or Support Subscription. . .

Non-sponsors may use this Build for finite honor-system evaluations that enable

—
fully-informed decisions about whether or not to sponsor the project. - - &
If, after evaluation, you decide not to become a PyMOL sponsor, then you must
discontinue use of this Build for workplace tasks and instead compile PyMOL L/

directly from the open-source code. Non-sponsors may however continue to use
this Build for certain* public, educational, and co-marketing activities,

Please purchase a
subscription so that we
can continue to develop

All non-sponsors who use this Build to prepare a publication, presentation,
animation, or web site must therein acknowledge PyMOL by name. Failure to do
s0 creates a sponsorship obligation in the form of a liability for payment of

PyMOL as open-source

current-year PyMOL subscription fees to DelLano Scientific LLC. software for research,

drug discovery, and
To learn more about PyMOL Subscriptions, please visit: ge(;ucazfo:'
http://www.pymol.org/funding.html or email: sales@delsci.com i

Thank you for your cooperation, support, and participation. Delano Scientific LLC
400 Oyster Point Blvd. Ste 213
Warren L. DeLano, Ph.D. Principal Sclentist

South San Francisco, CA 94080
United States of America
650-872.0942 Fax: 650-872.0273
www.delanoscientific.com

Joni W. Lam, Operations Manager

* see http://delsci.com/terms for details regarding usage by non-sponsors.

An Executable PyMOL™




Open and load pdb file

PyMOL Tcl/Tk GUI
File Edit Build Movie Display GSetting Scene Mouse Wizard Plugin Help Tutorial
et i = . _ ) o Reset | Zoom | Dran Ray | Rock
e Product - Copyright (C) 2006 DeLano Scientific LLC. e | B I et
npi eselec et View
Save Session intenance and/or Support Subscription may be required
Cave Session As his Build beyond a finite honor-system evaluation period. I< | < | Stop | Play | >J > | MClear
S;veMOIecuie VY /www.pymol.org/funding.html for more information. Command l Builder
- ble Build incorporates Open-Source PyMOL 0.99rc6.
Save Image... " P e o
Save Movie...
Log...
Resume, .. — | e
Append...
Close Log . prs i o) ™
s PyMOL Executable Build is Copyright © 2006 An Executable PyMOL
o lic LLC, South San Francisco, California, U.S.A. Incentive Product
Quit not explicitly granted below are reserved. Based on PyMOL v0.99
f
i Reinitialize
I Terms of Usage .

This PyMOL Executable Build is for use by PyMOL sponsors who have . . .
purchased a current PyMOL Maintenance and/or Support Subscription. . .

Non-sponsors may use this Build for finite honor-system evaluations that enable

-
[ fully-informed decisions about whether or not to sponsor the project. = - &
If, after evaluation, you decide not to become a PyMOL sponsor, then you must ‘
| discontinue use of this Build for workplace tasks and instead compile PyMOL

directly from the open-source code. Non-sponsors may however continue to use
| this Build for certain®* public, educational, and co-marketing activities.
Piease purchase a

All non=-sponsors who use this Build to prepare a publication, presentation, subseription so that we
animation, or web site must therein acknowledge PyMOL by name. Failure to do can continue to develop
50 creates a sponsorship obligation in the form of a liability for payment of PyMOL as open-source
! current-year PyMOL subscription fees to Delano Scientific LLC. software for research.
drug discovery, and

To learn more about PyMOL Subscriptions, please visit:

ion!
http://www.pymol.org/funding.html or email: sales@delsci.com SHE Ao,
| Thank you for your cooperation, support, and participation. DelLano Scientific LLC
i ! 400 Oyster Point Bivd. Ste 213
Warren L. DeLano, Ph.D. Principal Scientist South San Francisco, CA 94080
Joni W. Lam, Operations Manager United States of America

[ 650-872:0942 Fax: 650-872:0273
| * see http://delsci.com/terms for details regarding usage by non-sponsors. www.delanoscientific.com




2. Open and load pdb file

PyMOL Tcl/Tk GUI
File Edit Buld Movie Display Setting Scene Mouse Wizard Plugin Help Tutorial
COMPND MOL_ID: 1; :’ Reset I Zoom ! Draw I Ray | Rock
COMPND 2 MOLECULE: INSULIN; - -
COMPND 3 CHAIN: A, C; Unpick Deselect Get View
COMPND 4 MOL_ID: 2; 5 P
COMPND 5 MOLECULE: INSULIN; I< | i | Stop I Play I 2 | >l I Mclear
COMPND 6 CHAIN: B, D mman il
ObjectMolecule: Read secondary structure assignments. il I St
ObjectMolecule: Read crystal symmetry information.
Symmetry: Found 9 symmetry operators. _—
CmdLoad: “"C:/uUsers/Rita/Downloads/1zni.pdb" lcaded as "1izni". -




3. Menu options

Tk

File Edit Buld Movie Display Setting Scene Mouse Wizard Plugin Help Tutorial
COMPND MOL_ID: 1; L' Reset | Zoom | Draw | Ray | Rock
COMPND 2 MOLECULE: INSULIN; . T

COMPND 3 CHAIN: A, C; Unpick | Deselect | GetView
COMPND 4 MOL_ID: 2; = ; %

COMPND 5 MOLECULE: INSULIN; <] < | stop | Play | > [ >1 | mctear
COMPND 6 CHAIN: B, D mman ilder
ObjectMolecule: Read secondary structure assignments. Command J Builde

ObjectMolecule: Read crystal symmetry information.
Symmetry: Found 9 symmetry operators.
CmdLoad: "C:/uUsers/Rita/Downloads/izni.pdb" loaded as "izni™

C® pyMOL Viewer

stic
ribbon

]
‘mai n chain

ide chain

¢« Clip I"'Iw:.‘-
PkAt Pkl My




File Edit 3 v | He T Movie Display Setting Pl Help  Tutorial

| Draw | Ray [ ®

INSULIN;
c:

Irs;\,LIh,

8, D
b)eumme(ule gnments. M Read secondary structure assignments.
ObjectMolecule Read cr_ g formation. bjectMolecul Read crv'ta\ etry information.
s: Found 9 sym T Found 9 s operators.
U Rita/Downloads/izni.pdb" loaded as "izni r H’a Downloads/1z pdb™ Toaded a:

W PyMOL Viewer B PyMOL Viewer

Actions: Hides

zoom / everything
orient m;*”
center sticks
origin ribbon
drag cartoon
preset label

|Pind cell

jalign nonbonded

generate dots

assign sec., struc, spheres

rename ohject nb_spheres

duplicate ohject p f mesh
delete object surface
hydrogens main chain

remove waters = side chain
waters

|state Hatwd
Imasking nydrogens
| sequence v P unselected
(movement 3 ys Rota Move MovwZ Slab
{compute Ft +Box —Eaa Elxrs o
* PRI FVSE Il +/- PkAt Pkl

Clip MowZ Sele Orig Clip

r +/— Cent Menu

Menu

2% -
74 74

Fle Edt Buld Movie Display Settng Scene Mouse Blugin tep Tutorial || e Egit puid Movie Display Setting Sceme Mouse Wizard Plugin

CoMPND S Zoom | Draw _woL_1n: Reset | ZD(\H’\ Draw
c: Unpick |  Deselect Get CouP :;L\ECL'LE SHRIEEN
MOL_ID: 2; < [ stop | [ 0 !
S Stop | Pla Mctear COMPND .
MO D 2 I J INJLA.IV\. ’— f

Command Builder MPND 6 C 8,
-7bJecm91e<u1 Read secondary structure assignment.
objectMolecul Read crystal symmetry information.
Tr

= 5 1 Found 9 syr»'retry operators
s "1zni". | s : ita/Downloads/1zni.pdb” loaded as "1zni"

[H PyMOL Viewer = O X | 8 pymOL Viewer

ErT——— E

: & [T
dzni Label: ni

residues \by chain
chaing by

segments
atom name

element symbol
residue name
residue identifier
chain identifier ‘qellmus
segment identifier {
b-factor

occupancy

vdw radius

other properties

|atom identifiers

e
—Box Clip MovS
D2 PRie PRI” Moss
Sele Orig Clip MovZ
+/- Cent Menu
Menu - PkAt
en

e HD\‘

0 \mo

Cent Menu
PkAt

TAWA 4D
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[ PyMOL Viewer

/1zni//R/1

cartoon

Visualization options: |

spheres
nb_spheres

Imesh
\surFsEE
|organic
main chain

label |cartoan Y W - 9 :slde chain
cell liatisl . AL By : : dmu}hdes
nonbonded |cell

t
dots |nonbonded
spheres dots
nb_spheres | spher
mesh |nb_s
surface [m

surface X PyMOL Viewer

,organic prEmrT

,main chain
,side chain
dlSulFldE:

e MovZ
Clip
Pk1
Lllp Huu

sy e -
lznis/f/l 6 1 - /B/ 11 16 [aid alsHiclc 7 i gl
GIVEQ 3 Al ALER N F\ HLVEALYL ’*E’EF-F / :dee Shaty

\ | disulfides

an Vie

MovZ Slab
Clip Mo
Pki b

Select

H_!_!_[_I_I'_-

T PyMOL Viewer
AzmicRd 6 11 16 21 2 %« BA 6 11 16 Wmarg

as

lines
sticks
ribbon
cartoon
label
cell
nonbonded
dots

Mot ‘ . , nb_spheres
“how C1i

cartoon .- PR kL e

jorganic
main chain
,side chain
dlSUlFldE‘
7] on Vi

PyMOL> _

= Rota Mme- MowZ




Graphical software: UCSF Chimera

1. Download:www.cgl.ucsf.edu/chimera/

| Quick Links

Documentation
Getting_Started
User's Guide
Command Index
Tutorials and Videos
Guide to Volume Data

elease

Download
What's New in

oad Locations

Galleries

Image Gallery
Animation Gallery
Publications and Talks
Related Databases and
Software

Citing Chimera
Contact Us

Recent Citations

Measurement of atom resolvability in
cryo-EM maps with Q-scores. Pintilie

P Fhame b Al Riaf Aafhecds 030

UCSF CHIMERA

projecis

resources

an Extensible Molecular Modeling System

UCSF Chimera is a highly extensible program for interactive visualization and analysis of molecular structures and related data, including density
maps, supramolecular assemblies, sequence alignments, docking results, trajectories, and conformational ensembles. High-quality images and
animations can be generated. Chimera includes complete documentation and several tutorials, and can be downloaded free of charge for
academic, government, nonprofit, and personal use. Chimera is developed by the Resource for Biocomputing, Visualization, and Informatics

(RBV1), supported in part by the National Institutes of Health (P41-GM103311).

UCSF ChimeraX (or simply ChimeraX) is the next-generation molecular visualization program from the RBVI, following UCSF Chimera.

‘ Feature Highlight

Galactose/Glucose-Binding Protein (2gbp)
'_f\‘\

B-factor (A?)
2 30

50

B-Factor Coloring

A structure can be colored to show values of an atiribute such as atomic B-factor. The image
includes a molecular surface that has been clipped and capped, 2D labels, and a color key. Color
Zone was used to color the planar cross-section of the surface (see image how-to).

(More features...)

‘ Gallery Sample

Thermosome

people

publications

VIS uS search

‘ Chimera Search

| \Go

Google™ Search

‘ News ‘

November 13, 2019

Chimera production release 1.14 is
now available. See the release notes
for what's new.

September 21, 2019

A production release candidate
(version 1.14) is available; please try
it and report any problems. See the
release notes for what's new.

November 17, 2018

Chimera production release 1.13.1is
now available; see the release notes
for what's new. The Mac version
requires OS5 10.10 or later.

(Previous news...)

‘ Upcoming Events




Graphical software: UCSF Chimera

1. Download:www.cgl.ucsf.edu/chimera/

- e

RV , »
s - projects people publications
3 : FESOUrces VISIE us search

~.
Ll ~
v

UCSF CHIMERA

‘Quick Links ‘ an Extensible Molecular Modeling System

Documentation Download Chimera
Getting Started
HserisGrilde » Daily Builds e Bug Tracking System » Graphics Driver Bugs
Command Index e Snapshot Releases e Licensing Information e Benchmark Results
Tutorials and Videos e Unsupported Releases e Experimental Chimera Features « Chimera Source Code
Guide to Volume Data ¢ Old Releases * Plug-ins on the Web * Cygwin Source Code
Release Notes

Download i
What's New in Daily Builds Current Production Releases

Map of Download Locations

* See the release notes for a list of new features and other information.

hcens * For more recent changes, use the snapshot and daily builds; they are less tested but usually reliable.
Image Gallery
Animation Gallery +» 64-bit Releases:
Publications
Related Databases and Platform Installer, Size, and Checksum Date Notes
Software -
Citing_Chimera chimera-1.14-win64.exe Instructions
Cant _U Microsoft Windows 64-bit | Size: 152229635 bytes Nov 13, 2019 | Documentation
Contact Us MDS5: a3eddc25f84e55c4c40ffBIBf67643b RUGE on Windows 7 6f ek
chimera-1.14-mac64.dmg Instructions
Mac OS X 64-bit Size: 135741903 bytes Nov 13, 2019 | Documentation
MD5: c763aa87af928aebdc7d39a8f6bfa2d5 Runs on Mac OS X 10.10 or later.
T T I I




2. Open and load pdb file

") UCSF Chimera

File Select Actions Presets Tools Favorites Help

| oy |

e

Tool Tcons
|

Save scene...

Named Selections
Add Tool Icon...

None

Name current selection...
Control dbl-click atoms/bonds for context menu




2. Open and load pdb file

") UCSF Chimera

File Select Actions Presets Tools Favorites Help

1w8x.pdb
ool
Fetch by ID... 1ffk.pdb
Restore Session... 34700:pdb
Save Session As... Control-S '
Save Mol2...
Export Scene unotetrakis.pdb
proval.pdb
3dct.pdb
5q0k(1).pdb
izines are unu'eLr 5q0k(1).pdb

Save scene...

Named Selections
Add Tool Icon...

| None J
w Name current selection...




2. Open and load pdb file

D Open File in Chimera

1e9-aa2¢c-248a07783950}.TM.blf
1e9-aa2¢c-248a07783950}.TMContainer00000000000000000001.regtrans-ms
1e9-aa2c-248a07783950}. TMContainer00000000000000000002.regtrans-ms

0

L«

Custom Office Templates,
Immagini\,

Modelli di Office personalizzati\
Musica\

rane\

SD\

idec\,

idecSolo Studio\

3dct.pdb

desktop.ini

Oggetti 3D - collegamento.lnk
RegistroDocenteStandard(1).pdf
ToDoList.txt.txt

Amministrazione\
DIDATTICA\
FXR)\
KIRBAC)
Letteratura\

arie\
WZXandWZX\

Biocristallografia\,

CommissioneAQ\

Diffrazione\

Dottorande\

FARMACIAY

TecniciPrevenzione\

Tesisti

PLS_stan.bxt
Tesi_Gentile_Serena.txt
TESI_LM_SG_def.pdf
Tesi_Rigo_Benedetta.txt
Unibo_Tesi_Piretti Valentina.pdf
Unibo_Tesi Piretti Valentina note.txt

old\
1Intro_struttura.pptx
atpsynthase_morphing.avi
atpsynthase_morphing.gif
ribosoma_1.avi
ribosoma_1.gif
SYLLABUS bioXRDandEM 2019.txt
test_chimera.avi

irus2.avi

irus2.gif
~$1Intro_struttura.pptx

File name:ﬂ

|

File type: all (guess type) — I

Triangle buttons reveal

I~ Keep dialog up after Opel

Cpen I Close | Help |



LU Chimera

2. Open and load pdb file




3. Load a map file (electron density!)
(www.ebi.ac.uk/pdbe/emdb/)

EMBL-EBI Services | Research @ Training | Abo
L. W
Protein Data Bank in Europe | N s

Bringing Structure to Biology

Examples: hemoglobin, BRCA1_HUMAN Advanced search

®. Feedback

Single particle reconstruction

EMDB > EMD-0632

: Map released: # EMD-0632 overview
Rotavirus A-VP3 (RVA-VP3
( ) 2020-03-11 & Function and Biology
Source organism: Rotavirus A [28875] & Experiments and Validation

Fitted atomic model: 606b
3Dbionotes: available for this entry @ \iew
. Eowrons _
Map (gz)

Experimental metadata (xml)

To be published

Bundle (tar.gz)

Bundle (zip)

Function and Biology &l Details  Experimental Information &) Details © Volume viewer

© Volume slicer

Sample name: VP3 Resolution: 2.7A & Visual analysis
Ligand: GUANOSINE-5'-MONOPHOSPHATE Resolution method: FSC 0.143 CUT-OFF
Proteins: VVP3, Protein VP3 Applied symmetry: D2

Reconstruction software: RELION

Microscope: JEOL 3200FsC

Detector: GATAN K2 SUMMIT (4k x 4k) Ralatad antriae



3. Load a map file (electron density!

D Open File in Chimera

4 |Custom Office Templates\ Amministrazione\ Biocristallografia\, old\

Immagini\, DIDATTICA\ CommissioneAQ\ 1Intro_struttura.pptx

LAVORO\ FXRY Diffrazione), atpsynthase_morphing.avi

Modelli di Office personalizzati\ KIRBACY Dottorande) atpsynthase_morphing.gif

Musica\ Letteratura\ FARMACIAY ribosoma_1.avi

rane\ arie\ TecniciPrevenzione\ ribosoma_1.gif

SD\ WZXandWZX\ Tesisti SYLLABUS bioXRDandEM_2019.txt

idec\, PLS stan.bxt test_chimera.avi
idecSolo Studio\ Tesi_Gentile_Serena.txt frus2.avi

3dct.pdb TESI_LM_SG_def.pdf irus2.gif

desktop.ini Tesi_Rigo_Benedetta.txt ~$1Intro_struttura.pptx

Oggetti 3D - collegamento.Ink Unibo_Tesi_Piretti Valentina.pdf

RegistroDocenteStandard(1).pdf Unibo_Tesi_Piretti Valentina note.txt

ToDolList.bxt.txt
i
1e9-aa2c-248a07783950}. TM.blf
1e9-aa2c-248a07783950}. TMContainer00000000000000000001.regtrans-ms
1e9-aa2c-248a07783950}. TMContainer00000000000000000002.regtrans-ms

=
4] D
File name:ﬂ |:
File type: all (guess type) — I
I~ Keep dialog up after Opel

Triangle: Ibuttonls’rel\.:eal " Open I Close | Help |




3. Load a map file (electron density!)

) volume Viewer

File Features Data Toals
emd 0632.map #0 1803 step 2| =

s —

Range -0.0433 - 0.0859 Level |0.020¢ Color ﬂ

Style © surface © mesh © solid

Center‘ Crient Close‘ Help
] P—




99.Animation!

) UCSF Chimera

‘File Select Actions Presets Tool

General Controls

Viewing Controls

Depiction

Structure Analysis

Structure Comparison

Sequence

Surface/Binding Analysis

Structure Editing

Amber

MD/Ensemble Analysis

Higher-Order Structure

Volume Data

Demos

Movement

Utilities
Reply Log

Additicnal Tools 2D Labels
Notepad
Movie Recorder
Color Key
Animation
Structure Diagfam
Browser Configuration
Benchmark
Color Editor
Palette Editor
ReadStdin
RESTServer




99.Animation!




99.Animation!




99.Animation!

O Animation

| YActions
R Bl -

<] | i3
VW Timeline: 1 (4 of 4)
Preferences | Close | Help

Movie saved to \C:Users\...\Biocristallografia\test_chimera.avi



99.Animation!




