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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

Practicals

- 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

- Data analysis, structure solution and refinement

from X-ray diffraction data

- Image preparation



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. ribosome

PDB: 1ffk




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.
Potassium channel
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PDB: 3zrs



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

* Drug design: e.g. HIV protease inhibitors, G-protein Coupled Receptor (GPCR)

PDB: 3q70 PDB: 6gt3



Structural biology: techniques

X-ray NMR I?Iectron
crystallography Microscopy
Protein size No limitation < 80 KDa > 70 kDa
Resolution Atomic Atomic <2 A
Low res: 1975
First structure 1957 1985 Medium res:1990
High res: 2015
Dynamics No Yes (Yes)
: L Isotope Image analysis
Main bottlenecks | Crystallization enrichment ke

Different structural biology techniques give
complementary results!!




Biocrystallography
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First protein structures determined by
X-ray crystallography

* Myoglobin from whale sperm * Lysozyme from chicken egg whites

]

PDB: 1vxa
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A biocrystallography experiment
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Databank resources: PDB (www.rcsb.org)

RCSB PDB Deposit + Search v Visualize + Analyze v+ Download v+ Learn v 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 o =90.00 Rirec I 0 0.157
; Clashscore I 0 T 7
SpaceGroup: 14 b =124.872 B =90.00
Ramachandran outliers I (] D 0.1 %
c=175.683 y =90.00 Sidechain outliers I 0 P 1.4%
RSRZ outliers I D .7 %
Worse 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

T COGR Y *“-mag

Protein Data Bank in Europe | B -

Bringing Structure to Biology

Examples: hemoglobin, BRCA1_HUMAN Advanced search
el

®. Feedback

Single particle reconstruction

EMDB > EMD-0632

i ® g Map released: # EMD-0632 overview
Rotavirus A-VP3 (RVA-VP3) i o

& Experiments and Validation

Source organism: Rotavirus A [28875]

Fitted atomic model: 606b

@ \iew
&, Downloads

3Dbionotes: available for this entry

To be published -
© \/olume viewer

@ \folume slicer

© \isual analysis

Function and Biology &1 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 ~

iy 161470 Biological

tﬁ Macromolecular Structures Search by PDB ID, author, macromolecule, sequence, or ligands
O i 2>’ Enabling Breakthroughs in

PEOTEIN DATA BDANK Reseath ik Eduiion Advanced Search | Browse by Annotations

Werldwide
Protein Data Bank
Feundation

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

( Transmembrane View . 2Y D O

transmembrane regions b

T i
SrDE gmﬂm}lﬂﬂtﬂw NUELEIE ACID
N R et e i B DATARASE

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 I

' . T o R-Value Work: 0.244 Cidnnhain antlioee B AL~ £ Mia— (MORIAL S



Structure atomic coordinates: pdb file

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

File Modifica Formato Visualizza 7

<=a4ns
KEYWDS
AUTHOR
AUTHOR
REVDAT
REVDAT
REVDAT
REVDAT
JRNL
JRNL
JRNL
JRNL

DM

SN o b w e

2
3
4
5
6
7
8
9
%]

[y
=

2
4
3
7
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
0 R O (o2 o[0T A ) P Q4 o g Xl

BOUND

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

C.G.TATE
©3-APR-19 2YDO 1 SOURCE
22-JUN-11 2YDO i JRNL
@1-JUN-11 2YDO 1 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.

pDCcc MATIIDLC \Y) ATTA CY1 a1

FORM, THERMOSTABILISING POINT MUTATIONS, GPCR, 7TM RECEPTOR

Information
about the
protein

Information
about the
publication



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

£ Z:b
2

&Y
: DIAMOND

I24

: NULL
M

: ©.9778
¢ NULL

: NULL

PIXEL

: DECTRIS PILATUS &M
: MOSFLM
: SCALA

18556
3.000

1 79.340
. 0.000

¢ 93.9

: 2.600

. 0.10000
¢ NULL

: 7.1000

Information
about the
crystallogra
phic
experiment



Structure atomic coordinates: pdb file

& 2ydo.pdb - Blocco note di Windows

File Modifica Formato Visualizza ?

.000000 1.000000

ORIGX2

ORIGX3 .000000 0.000000
SCALE1l .013078 ©.000000

.000000 0.010114

bp O ® ® ®

SCALE2

0.000000
1.000000
0.000798
©.000000

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

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 -£0.4506 0.5/4
A 7 -26.153 7.952 -5.3066
A 7 -24.758 8.391 =5./51
A 7 -24.497 9.586 -5.902
A 7 ~26:313 8.125 -3.794
A 7 -25.474 7.228 -3.088
A B8 -23.879 7.409 -5.959
A 8 =22.535 7.626 -6.501
A B8 -22.622 8.258 -7.895
A 8 -21.895 9.207 -8.205
A B8 -21.739 6.295 -6.599
A B -20.249 6.568 -6.638
A B8 -22.087 5.356 -5.443
A 9 -23.521 7.717 -8.719
A 9 -23.812 8.252 -10.048
A 9 -24.618 9551 =9.966
A 9 -24.331 10.506 -10.688

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

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

FRRPRRPRRRPRRRRPRRRRRRBR

DﬁﬁZﬁﬁﬁDﬁﬁZDﬁDﬁﬁ{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 + Download ~ Learn ~ More ~

iy 161470 Biological

tﬁ Macromolecular Structures Search by PDB ID, author, macromolecule, sequence, or ligands
O i 2>’ Enabling Breakthroughs in

PEOTEIN DATA BDANK Reseath ik Eduiion Advanced Search | Browse by Annotations

Werldwide
Protein Data Bank
Feundation

T i
SrDE gmﬂm}lﬂﬂtﬂw NUELEIE ACID
N R et e i B DATARASE

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
DOI: 10.2210/pdb2YDO/pdb

PDB Format

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

Structure Factors (CIF)

Method: X-RAY DIFFRACTION Metric
Resolution: 3 A Clashscore
R-Value Free: 0.269 Ramachandran outliers I
. ﬂuﬂ_ - R-Value Work: 0.244 Qidnnkhnin aéline EE AL L. KA (PERIAN

for the electron density!!!

Structure Factors (CIF - gz



in the old days...

Graphical software:




in the old days...

ical software:

Graph
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Graphical software: in the old days...
| Ram oz e
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Graphical software:... today




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?

T




2. Open and load pdb file

PyMOL Tcl/Tk GUI
File Edit Build Movie Display Settng Scene Mouse Wizard Plugin Help Tutorial
COMPND MOL_ID: 1; ;I Reset | Zoom I Draw I Ray I Rock
COMPND 2 MOLECULE: INSULIN; — —
COMPND 3 CHAIN: A, C; Unpick | Deselect | Get View
COMPND 4 MOL_ID: 2; i = G
COMPND 5 MOLECULE: INSULIN; < | <] stop [ Pay [ > [ >1 | mctear
COMPND 6 CHAIN: B, D mman jlder
ObjectMolecule: Read secondary structure assignments. Comeand I Bulde
ObjectMolecule: Read crystal symmetry information.
symmetry: Found 9 symmetry operators.
CmdLoad: "C:/Users/Rita/Downloads/1zni.pdb" loaded as "1zni". -

i




3. Menu options

74
File Edit Build Movie Display Setting Scene Mouse Wizard Plugin Help '_r_utorial|
COMPND MOL_ID: 1; _:J Reset | Zoom | Draw | Ray | Rock
COMPND 2 MOLECULE: INSULIN; -

COMPND 3 CHAIN: A, C; Unpick | Deselect I Get View
COMPND 4 MOL_ID: 2; - S

COMPND 5 MOLECULE: INSULIN; € I £ | S0 | Play | > | Jil ot d
COMPND 6 CHAIN: B, D ) mman ilder
ObjectMolecule: Read secondary structure assignments. o | i
ObjectMolecule: Read crystal symmetry information.

Symmetry: Found 9 symmetry operators.
CmdLoad: "C:/users/Rita/Downloads/1lzni.pdb"” loaded as "1izni". _:J

E PyMOL Viewer

{Color:

]bg element




Visualization options:

spheres

pm—rn
Leme Y IVILAL W ITYETT

cartoon
label

cell
nonbonded
dots
spheres
nb_zspheres

mesh

zsurface
10rganic
!main chain
Jﬂidé chain
disulfides

¢ Cent Menu
LC1k Menu PkAL
Selecting Residues

Frame [ 14

[ < [w (> > v B¥




Graphical software: UCSF Chimera

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

projects people publications

FESOUrces VISIE us search

UCSF CHIMERA
‘Quick Links ‘ an Extensible Molecular Modeling System

Documentation Download Chimera

Getting Started
User's Guide

e Daily Builds e Bug Tracking System * Graphics Driver Bugs
Command Index e Snapshot Releases e Licensing Information e Benchmark Results
Tutorials and Videos e Unsupporied Releases e Experimental Chimera Features « Chimera Source Code
Guide to Volume Data ¢ Old Releases ¢ Plug-ins on the Web e Cygwin Source Code
Download
What's New in Qgfly Builds Current Production Releases

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

fcers * 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
_c ” _U Microsoft Windows 64-bit | Size: 152229635 bytes Nov 13, 2019 | Documentation
Sonthct Us MDS5: a3eddc25f84e55c4c40ffBIBI67643b RUrE on Winldows: 7 6t later:
chimera-1.14-mac64.dmg Instructions
Mac OS X 64-bit Size: 135741903 bytes Nov 13, 2019 | Documentation
MD5: c763aa87af928aebdc7d39a8f6bf92d5 Runs on Mac OS X 10.10 or later.
I T T I




U 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 | About us

L iR **m;@

Protein Data Bank in Europe | D ¢

Bringing Structure to Biology

&

Examples: hemoglobin, BRCA1_HUMAN Advanced search

- B ¥ O W

®. 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

%, Bowrons _
Map (gz)

Experimental metadata (xml)

To be published

Bundle (tar.gz)

Bundle (zip)

Function and Biology &1 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!)

) Volume Vi ewer

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

P —

L Sl R 2nge -0.0433 - 0.0859 Level |0.020¢ ColorD
.

Style © surface © mesh « solid

Center‘ QOrient Close‘ Help

[ -]

T e | e |



99.Animation!




