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Looking at
Protein Structures

Day 8: Tuesday 29t March



This talk

* Representations of proteins

* Mapping properties onto proteins

* Accessing protein structures

* Software for viewing protein structures
* Analysing structural similarity

* Inspecting protein interfaces




Primary structure
amino acid sequence

Recap of protein structure

* Proteins are polymers of amino acids

* The sequence of a proteins determines
how it folds

* Proteins adopt regular secondary structure

* The arrangement of secondary structural e
motifs determines protein 3D structure

* Some proteins oligomerise or interact with
ligands that are integral to their structure

- }
Tertiary structure
three-dimensional structure

Quaternary structure
complex of protein molecules

UNIVERSITY OF Image: LadyofHats (Wikimedia)
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Interactions between amino acids drive protein folding

* Hydrogen bonds

* Hydrogen shared between
electronegative ‘donor’ and ‘acceptor’
atom with lone electron pair
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ol I UNIVERSITY OF Image: https://www.chem.ucla.edu/~harding/IGOC/H/hydrogen_bond.html
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Interactions between amino acids drive protein folding

* Hydrogen bonds

* Hydrogen shared between
electronegative ‘donor’ and ‘acceptor’
atom with lone electron pair

 Salt bridges

* Between side chains with formal
negative and positive charges

Image: Rubber Duck (Wikimedia)




Interactions between amino acids drive protein folding

* Hydrogen bonds

* Hydrogen shared between
electronegative ‘donor’ and ‘acceptor’
atom with lone electron pair

 Salt bridges

* Between side chains with formal
negative and positive charges

* Hydrophobic interaction
* Van der Waals interactions

* Hiding hydrophobic residues from
water in protein core drives folding

ol oy UNIVERSITY OF Image: Rubber Duck (Wikimedia)
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Amino acid polymers

C(carbonyl)

O(carbonyl)

:‘i UNIVERSITY OF Image: Stephen Graham (CC BY 4.0)




Amino acid polymers

* Amino acids are joined by
peptide bonds
* Planar
 trans (180°) or cis (0°)

Image: Stephen Graham (CC BY 4.0)




Amino acid polymers

* Amino acids are joined by
peptide bonds
* Planar
 trans (180°) or cis (0°)

* Angle between peptide
(amide nitrogen) and side

chain is phi (})

s
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Amino acid polymers

* Amino acids are joined by
peptide bonds
* Planar
 trans (180°) or cis (0°)

* Angle between peptide
(amide nitrogen) and side
chain is phi (¢)

* Angle between side chain
and peptide (carbonyl
oxygen) is psi ()

#8% UNIVERSITY OF Image: Stephen Graham (CC BY 4.0)
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(A) General

Ramachandran plot

* Only certain /o
combinations are allowed

e CB atoms would bump into
each other

 Different for glycine (no Cp) and
proline [C6-N(amide) bond]
e Some areas of the
Ramachandran plot are highly
populated

-180—\|\\|\\mlwllw ‘1804||\|\| {0 FE O T 9 e T e ) B P
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UNIVERSITY OF Lovell et al (2003) Proteins Struct. Func. Bioinf. 50: 437-50
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(A) General (B) Glycine

Ramachandran plot

* Only certain /o
combinations are allowed

e CB atoms would bump into
each other

* Different for glycine (no CB) and
proline [C6-N(amide) bond]

* Many residues occupy certain
regions of the Ramachandran
plot:

* a-helix
* B-sheet

-180—\|\\|\\mlwllw ‘1804||\|\| {0 FE O T 9 e T e ) B P

-180 0 ¢‘ 180 -180 0 q) 180

UNIVERSITY OF Lovell et al (2003) Proteins Struct. Func. Bioinf. 50: 437-50

CAMBRIDGE



a-helix

e O(carbonyl) makes hydrogen bond
with N(amide) of i+3 residue

ol oy UNIVERSITY OF Image: Stephen Graham (CC BY 4.0)
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a-helix

e O(carbonyl) makes hydrogen bond
with N(amide) of i+3 residue

* Helices are right handed

ol oy UNIVERSITY OF Image: Stephen Graham (CC BY 4.0)
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B-sheet

* Hydrogen bonds between
adjacent strands

e Parallel: strands in same
direction

* Anti-parallel strands in
opposite directions

#8% UNIVERSITY OF Image: Stephen Graham (CC BY 4.0)
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Not all amino acids are in helices or sheets

* Loops (between secondary
structural elements)

* Coil (extended regions with no
secondary structure)

ol oy UNIVERSITY OF Image: Stephen Graham (CC BY 4.0)
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Not all amino acids are in helices or sheets

* Loops (between secondary
structural elements)

* Coil (extended regions with no
secondary structure)

 Some regions of proteins have
no intrinsic structure

* Adopt conformation upon binding
to partner molecules

* Biomolecular condensates
(membrane-less organelles)

:
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Displaying secondary structure

* Displaying just the atoms as
spheres is very hard to interpret
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Displaying secondary structure

* Displaying just the atoms as
spheres is very hard to interpret

e Showing bonds between the atoms
as sticks helps
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Displaying secondary structure

* Displaying just the atoms as
spheres is very hard to interpret

e Showing bonds between the atoms
as sticks helps

; UNIVERSITY OF Image: Stephen Graham (CC BY 4.0)
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Displaying secondary structure

* Displaying just the atoms as
spheres is very hard to interpret

e Showing bonds between the atoms
as sticks helps

 Easier to follow the trace with a
cartoon (or ribbon) representation
* Helices as spirals
e Sheets as arrows

UNIVERSITY OF Image: Stephen Graham (CC BY 4.0)
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Displaying secondary structure

* Displaying just the atoms as
spheres is very hard to interpret

e Showing bonds between the atoms
as sticks helps

 Easier to follow the trace with a
cartoon (or ribbon) representation
* Helices as spirals
e Sheets as arrows

* And even better if you colour as a
rainbow

e Blue at N terminus to red at C
terminus

UNIVERSITY OF Image: Stephen Graham (CC BY 4.0)
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Surfaces

e Cartoons are convenient for
following peptide direction
* But proteins don’t have big gaps

* The interior of proteins is largely
hydrophobic and inaccessible to
water

UNIVERSITY OF Image: Stephen Graham (CC BY 4.0)
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Surfaces

e Cartoons are convenient for
following peptide direction
* But proteins don’t have big gaps

* The interior of proteins is largely
hydrophobic and inaccessible to
water

e Can display the surface of proteins

»B5 UNIVERSITY OF Image: Stephen Graham (CC BY 4.0)
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Surfaces

e Cartoons are convenient for
following peptide direction po==—uy

* But proteins don’t have big gaps / \/'“\ T SAS
* The interior of proteins is largely f \— SES
hydrophobic and inaccessible to |
water "-. ;| *
e Can display the surface of proteins \
* Most common surface \h_f,/\— e
representation is the molecular
surface (aka Connelly Surface) SAS: Solvent-accessible surface

SES: Molecular surface (solvent-excluded surface)
VWS: Van der Waals surface

Image: Pengyu Ren lab, UT Austin (https://biomol.bme.utexas.edu/wiki/index.php/ABS)
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Surface representations




Surface representations — Electrostatic potential

e Can map the electrostatic
potential of a protein onto
its molecular surface

* Blue = basic = positive charge
* Red = acidic = negative charge

* Understanding protein
electrostatic charge can
inform biology

* Long-range interactions
between macromolecules

* Interaction patches for
charged small molecules

UNIVERSITY OF Gao et al. (2022) Journal of General Virology, 103: 001716
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Surface representations — Hydrophobicity

 Surface-exposed
hydrophobic patches are
energetically unfavourable

e Can colour surfaces of
proteins to show the
hydrophobicity of each
residue at the surface

Hydrophobic

H UNIVERSITY OF Neidel et al. (2015) Journal of Biological Chemistry, 290: 5991-6002
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Surface representations — Hydrophobicity

 Surface-exposed
hydrophobic patches are
energetically unfavourable

e Can colour surfaces of
proteins to show the
hydrophobicity of each
residue at the surface

e Can also show molecular
lipophilicity potential
* Slightly more sophisticated, ——
per-atom potential

#8% UNIVERSITY OF Image: Stephen Graham (CC BY 4.0)
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Protein Data Bank (PDB)

* Worldwide repository of biomolecular
structural data
e Established in 1971

* Hold both the atomic models plus the
experimental data (maps) used to
generate these models

* Hosted by three different institutions:

e RCSB: https://www.rcsb.org/

* EBI: https://www.ebi.ac.uk/pdbe/

e PDB;j: https://pdbj.org/

e Each site has different tools and search,

but the underlying data is the same

UNIVERSITY OF

CAMBRIDGE

RCSB PDB  Deposit v Search v Visualize v Analyze ~ Download ~ Leamn ~ About ~ Documentation v~ Careers.

- ) - 202,292 Structures from the PDB
4,_) » =9 B ~ 3D Struclures @ | Enter se . ), or se e Include CSM @
PROTEIN DATA BANK E 1,068,577 Computed Structure
OIS (R Advanced Search | Browse Annotations Help
T @PDEB fonarcox [N Wttt @ PDB-Dev m

RCSB Protein Data Bank (RCSB PDB) enables breakthroughs in
science and education by providing access and tools for exploration
visualization, and analysis of

. Experimentally-determined 3D structures from the Protein Data

¥ Deposit
Bank (PDB) archive

QSearl:h a Computed Structure Models (CSM) from AlphaFold DB and
ModelArchive

Ed Visualize These data can be explored in context of external annotations providing
a structural view of biology.

Analyze
CoviD-19

# Download CORONAVIRUS I E m @ @ E
Resources

WlLeam Structures in the

Protein Data Bank Anaphase-Promoting Complex / Cyclosome

Latest Entries As of Tue Mar 07 2023 Features & Highlights m Publications -

PDB entries with extended CCD or New Coloring Page: Myoglobin in 2
pdb_ PDB IDs will be distributed in ! muscle cell aree ves
00099 ppBYMMCIF format only
xyz OB users and relaied sofware “vn. Create your own artistic interpretation as

'1{ developers should review code and part of The Biologist Magazine's Big
Biochemical Colouring-in Series at PDB-
&ﬁ begin to prepare for this change that wil 01 ¢
happen in 2023. Entries containing

» 03/07/2023
¢ extended CCD or PDB IDs will not be
distributed in legacy PDB file format .
Paper Published: EM Holdings of the
P

BOPHYSICAL

£ > @7y SD5C 2N SMGAREN Comitto e
jﬂi.zl Improving Data Aceess Read about the Impact of the: resolution
8DTH B-G&! e two organizations will work together revolution, new validation tools, and
) @1 in support of the Open Science Data implications for the future in a special
Cryo-EM struclure of Arabidopsis SPY Federation and the RCSB PDB to issue of Biophysical Reviews dedicated
alternative conformation 2 10 Harui Nakamura

ensure fast and easy access for
researchers in Asia and Oceania

Small Angle Scattering News Molecular Landscapes
))“‘ Read about a project aimed to testand New painting: Caulobacter Polar -

» 02/28/2023

https://www.rcsb.org/



https://www.rcsb.org/
https://www.ebi.ac.uk/pdbe/
https://pdbj.org/

Protein Data Bank (PDB)

B Mumber of Structures Released Annually Total Mumber of Entries Available
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Accessing a protein structure

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

- = 202,292 Structures from the PDB
_,—) r -] B ~ 3D Structures @ T Se (s) or sequence Include CSM @
PROTEIN DATA BANEK E 1,068,577 Computed Structure
Models (CSM) Advanced Search | Browse Annotations Help

[EIETE 2PDEB  22hakcon:

Structure Summa 3D View Annotations Experiment Sequence Genome Versions

7PHY

Vaccinia virus E2

[ Display Files ~ MODINELIS S

PDB DOI: 10.2210/pdb7PHY/pdb

Classification: VIRAL PROTEIN
Organism(s): Vaccinia virus WR
Expression System: Homo sapiens
Mutation{s): No @

Deposited: 2021-08-19 Released: 2021-09-01
Deposition Auther(s): Gao, W.N.D., Gao, C., Graham, S.C
Funding Organization(s): Wellcome Trust

Experimental Data Snapshot WWPDB Validation @ © 3D Report || Full Report

Method: X-RAY DIFFRACTION Metric Percentile Ranks Value

Resolution: 2.30 A Riree I (— 21

¥ 3D View: Structure | 1D-3D View | R-Value Free: 0.237 Clushscore EE— 2
Electron Density | Validation Report | R-Value Work: 0192 Ramachandran outliers IS [ M .|
Ligand Interaction R-Value Observed: 0.194 Suehai ot i
RSRZ outliers M 7.1

Global Symmetry: Asymmetric - C1 €@ W B
Global Stoichiometry: Monomer - A1 €&

et X

Find Similar Assemblies

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

generated by PISA (software)

Biciogteal Assembly Evisence: lont seaterng

Macromolecule Content The crystal structure of vaccinia virus protein E2 and perspectives on the prediction of
novel viral protein folds.

Total Structure Weight: 88.15 kDa @
Atom Count: 6,295 @ Gao, W.N.D., Gae, C., Deane, J.E., Carpentier, D.C.J., Smith. G.L. Graham, §.C.
Modelled Residue Count: 732 @ (2022) J Gen Virol 103

Deposited Residue Count: 750 @

Pubed. 35020552
Unique protein chains: 1

DOI: 10.1099/jgv.0.001716
Primary Citation of Related Structures:

ELTY

UNIVERSITY OF https://www.rcsb.org/

CAMBRIDGE




Accessing a protein structure

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

- = 202,292 Structures from the PDB
_,—) r -] B ~ 3D Structures @ T Se (s) or sequence Include CSM @
PROTEIN DATA BANEK E 1,068,577 Computed Structure
Models (CSM) Advanced Search | Browse Annotations Help

[EIETE 2PDEB  22hakcon:

Structure Summa 3D View Annotations Experiment Sequence Genome Versions

7PHY

Vaccinia virus E2

[ PUENEVAS R @ Download Files -

PDB DOI: 10.2210/pdb7PHY/pdb

Classification: VIRAL PROTEIN
Organism(s): Vaccinia virus WR
Expression System: Homo sapiens
Mutation{s): No @

Deposited: 2021-08-19 Released: 2021-09-01
Deposition Auther(s): Gao, W.N.D., Gao, C., Graham, S.C
Funding Organization(s): Wellcome Trust

Experimental Data Snapshot WWPDB Validation @ © 3D Report || Full Report

Method: X-RAY DIFFRACTION Metric Percentile Ranks Value

Resolution: 2.30 A Riree I (— 21

¥ 3D View: Structure | 1D-3D View | R-Value Free: 0.237 Clushscore EE— 2
Electron Density | Validation Report | R-Value Work: 0192 Ramachandran outliers IS [ M .|
Ligand Interaction R-Value Observed: 0.194 Suehai ot i
RSRZ outliers M 7.1

Global Symmetry: Asymmetric - C1 €@ W B
Global Stoichiometry: Monomer - A1 €&

et X

Find Similar Assemblies

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

generated by PISA (software)

Biciogteal Assembly Evisence: lont seaterng

Macromolecule Content The crystal structure of vaccinia virus protein E2 and perspectives on the prediction of
novel viral protein folds.

Total Structure Weight: 88.15 kDa @
Atom Count: 6,295 @ Gao, W.N.D., Gae, C., Deane, J.E., Carpentier, D.C.J., Smith. G.L. Graham, §.C.
Modelled Residue Count: 732 @ (2022) J Gen Virol 103

Deposited Residue Count: 750 @

Pubed. 35020552
Unique protein chains: 1

DOI: 10.1099/jgv.0.001716
Primary Citation of Related Structures:

ELTY

UNIVERSITY OF https://www.rcsb.org/
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Accessing a protein structure
I Display Files =

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

FASTA SE“QUEHCE“
) 202,292 Structures from the PDB
_F) F QJ) B e fom B ~ 3D Structures @ ), Er r sequence Include CSM @ .
PROTEIN DATA BANK E 1,068,577 Computed Structure
Models (CSM) Advanced Search | Browse Annotations Help POBX/mMmMCIF Format
!

RS 2PDEB 2obnurcon [

WwPDB

o 6vool PDBx/mmCIF Format (gz)

3D View Annotations Experiment Sequence Genome Versions
ical Assembly 1 -] [ Display Files ~ PDB FDFITIET.
$ 4 B 7PHY

- PDB Format (gz)

Vaccinia virus E2

PDB DOI: 10.2210/pdb7PHY/pdb

Classification: VIRAL PROTEIN PDBMLXML Format (gz)

Organism(s): Vaccinia virus WR
Expression System: Homo sapiens
Mutation{s): No @

Deposited: 2021-08-19 Released: 2021-08-01 Structure Factors (CIF)
Deposition Auther(s): Gao, W.N.D., Gao, C., Graham, S.C
Funding Organization(s): Wellcome Trust S'LI’LICIU e FECTDFS I:Cl F _ gz}
Experimental Data Snapshot wwPDB Validation @ 30 Report || Full Report
Method: X-RAY DIFFRACTION Metric Percentile Ranks Value
Rezolsgon: 2304 e o 11 Validation Full PDF
© 3D View: Structure | 1D-3D View | R-Value Free: 0.237 ushscore I 2
Electron Density | Validation Report | R-Value Work: 0192 Ramachandran outliers IS [ S . | i i
Ligand Interaction R-Value Observed: 0.194 JE R — . Validation XML
RSRZ outliers S 7.5 |

Global Symmetry: Asymmetric - C1 €@ 2 o ValldatlDI‘l C ”:

Global Stoichiometry: Monomer - A1 €&

Find Similar Assemblies
This is version 1.1 of the entry. See complete history EIOlOgICEIl ASSembl}f 1 l:l:l F _ gz} ﬂ

Biological assembly 1 assigned by authors and
generated by PISA (software) |

| Biological Assembly 1 (PDB - gz)

Macromolecule Content The crystal structure of vaccinia virus protein E2 and perspectives on the prediction of
novel viral protein folds.

Total Structure Weight: 88.15 kDa @

« Atom Count: 6,295 @ Gao, WN.D. Gao, C. Deane, J.E. Carpentier, D.C.J. Smith, G.L. Graham, §.C. fo-fc ["1ap (DS NE:I

- Modelled Residue Count: 732 @ (2022) J Gen Virol 103

« Deposited Residue Count: 750 € ) .
o UNTE TS EEEnEiaTS | b LilLr] soarcn on Fuomoa | Search on Pubtod Gental | Zfo-fc Map (DSNB)

DOI: 10.1099/jgv.0.001716
Primary Citation of Related Structures:

s Map Coefficients (MTZ format)

UNIVERSITY OF https://www.rcsb.o
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Accessing a protein structure

FASTA Sequence ° FASTA se q uence

PDBx/mmCIF Format
PDBEx/mmCIF Format (gz)

PDOBE Format
PDB Format (gz)

PDBMLAXML Format (gz)
>7PHY_1|Chain A|Protein E2|Vaccinia wirus WR (18254)

MISVTDIRRAFLDNECHTITKAFGYLHEDKATAL IKIGFHPTYLPEVLYNNVVEFVPEKLYLFKPRTVAPLDLISTITE
TINDIRRGKIDYYIPYVEDFLEDRTEDLGTYANIFFEDATDI TKLDITKTEL EHISKYMNYYTTYIDHIVNITLONNYT Structure Factors (CIF)
EENRNIVYKKNNRVLCFDSLENSAFKSL IKIDSTPGLKTYNMKDI TYEKSNNIICVRFIPQESTHNEERRIKLQLFDIA Structure Factors (CIF - a2)
VOVETILDNKQS FKS5KAAAHHHHHHHHHH ' -

Validation Full PDF
Validation XML
Validation CIF

Biological Assembly 1 (CIF - gz) @
| Biological Assembly 1 (FDB - gz)

fo-fc Map (DSNG)
2fo-fc Map (DSNGB)
Map Coefficients (MTZ format)

: UNIVERSITY OF https://www.rcsb.org/
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Accessing a protein structure

data_ 7PHY

#

_entry.id  7PHY

#

_audit_conform.dict_name mmcif pdbx.dic
_audit conform.dict version 5.354

_audit_conform.dict location  http://mmcif.pdb.org/dictionaries/ascii/mmcif_pdbx.dic

#

loop
_database_2.database_id
_database_2.database_code
_database 2.pdbx database accession
_database_2.pdbx_DOT

PDB  7PHY pdb_eeeazphy 16.2218/pdb7phy/pdb
WWPDE D 1292117748 ? ?
#
_pdbx_database_status.status_code
_pdbx_database status.status code s
_pdbx_database_status.status_code_mr
_pdbx_database_status.entry_id
_pdbx_database status.recvd initial deposition date
_pdbx_database_status.SG_entry
_pdbx_database_status.deposit site
_pdbx_database status.process site
_pdbx_database_status.status_code_cs
_pdbx_database_status.status_code nmr_data
_pdbx_database status.methods development category
_pdbx_database_status.pdb_format_compatible
#

loop
_audit_author.name
_audit author.pdbx ordinal
_audit_author.identifier ORCID

"Gao, W.N.D." 1 ?

"Gao, C." z?

‘Graham, S.C." 3 2000-0003-4547-4834
#
_citation.abstract
_citation.abstract_id Cas
_citation.book_id ISBN

citation.book publisher

UNIVERSITY OF

CAMBRIDGE

REL

REL

z

FPHY
2821-88-19
N

PDBE

PDBE
3

:
2
Y

I Display Files ~ QRCINGNE R

FASTA Sequence

PDBx/mmCIF Format
PDBEx/mmCIF Format (gz)

PDOBE Format
PDB Format (gz)

PDBMLAXML Format (gz)

Structure Factors (CIF)

Structure Factors (CIF - gz)

Validation Full PDF
Validation XML
Validation CIF

Biological Assembly 1 (CIF - gz) @
Biological Assembly 1 (PDB - 0z)

fo-fc Map (DSNG)
2fo-fc Map (DSNGB)
Map Coefficients (MTZ format)

* FASTA sequence
* mmCIF format

https://www.rcsb.org/




Accessing a protein structure

HEADER VIRAL PROTEIN

TITLE VACCINIA VIRUS E2

COMPND MOL_ID: 1;

COMPND 2 MOLECULE: PROTEIN EZ;

COMPND 3 CHAIN: A;

COMPND 4 ENGIMEERED: YES

SOURCE MOL_ID: 1;

SOURCE ORGANISM SCIENTIFIC: VACCINIA VIRUS WR;
SOURCE ORGANISM TAXID: 18254;

SOURCE GENE: VACWROS5S, EZL;

SOURCE EXPRESSION 5YSTEM: HOMO SAPIENS;

SOURCE EXPRESSION SYSTEM _COMMOM: HUMAN;

SOURCE EXPRESSION SYSTEM_TAXID: 9686;

SOURCE EXPRESSION 5YSTEM _CELL_LINE: FREESTYLE 293-F;

SOURCE EXPRESSION SYSTEM VECTOR _TYPE: PLASMID;

SOURCE EXPRESSION_SYSTEM_PLASMID: PCDNAS.1

KEYWDS ASSEMBLY, EGRES5, WIRAL PROTEIN

EXPDTA X-RAY DIFFRACTION

AUTHOR W.N.D.GAD,C.GAD,S.C.GRAHAM

REVDAT 2 @9-FEB-22 7PHY 1 JRNL

REVDAT 1 @1-5EP-21 7PHY e

JRNL AUTH W.N.D.GAD,C.GAD,].E.DEANE,D.C.J.CARPENTIER,G.L.5MITH,

JRNL AUTH 2 5.C.GRAHAM

JRNL TITL THE CRYSTAL STRUCTURE OF VACCINIA VIRUS PROTEIN E2 AND

JRNL TITL 2 PERSPECTIVES ON THE PREDICTION OF NOVEL VIRAL PROTEIN FOLDS.
JRNL REF J.GEN.VIROL. V. 183 2922

JRNL REFN ESSN 1465-2899

JRNL PMID 35828582

JRNL DOI 19.1899/1GV.8.881716

REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK

19-AUG-21 TPHY

[==JY < - N (- T R - WY X

=

RESOLUTION. 2.38 ANGSTROMS.

Wk

[

REFIMNEMENT.
PROGRAM
AUTHORS

[

PHENIX 1.19.2 4158

PAUL ADAMS,PAVEL AFONIME,VINCENT CHEN,IAN
DAVIS , KRESHNA GOPAL,RALF GROSSE-KUMSTLEVE,
LI-WEI HUMG,ROBERT IMMORMINO, TOM TOERGER

(ST}

[

UNIVERSITY OF

CAMBRIDGE

I Display Files ~ QRCINGNE R

FASTA Sequence

PDBx/mmCIF Format
PDBEx/mmCIF Format (gz)

PDOBE Format
PDB Format (gz)

PDBMLAXML Format (gz)

Structure Factors (CIF)

Structure Factors (CIF - gz)

Validation Full PDF
Validation XML
Validation CIF

Biological Assembly 1 (CIF - gz) @

Biological Assembly 1 (PDB - 0z)

fo-fc Map (DSNG)
2fo-fc Map (DSNGB)
Map Coefficients (MTZ format)

* FASTA sequence
e mmCIF format
e PDB format

https://www.rcsb.org/




Accessing a protein structure
iata_r7phys¢ I Display Files «

_audit.revision_id 1.8
|_audit.creation_date ?
|_audit.update_record 'Initial release’ FASTA Sequence . F Q STQ
i
| cell.entry_id 7phy S e q u e n C e
|_cell.length_a 77.167
[ cell.length b 96.925 FDEx/mmCIF Format
|_cell.length_c 147 5
_cell.angle_alpha 90.0¢ I F
Coa T PDBx/mmCIF Format (gz) * mMMCIF fo rmat
_cell.angle_gamma 90.000
i
|_diffr diation_wavelength.id 1 ~
rn_radiation_wavelength.wavelength 0.97949 FDE‘ FU| |T|a1.
PDB Format (g2) e PDB format
xptl_crystal.id 1
|_reflns_scale.group_code a1 i %
i PDBML/XML Format (gz) o
|_symmetry.entry_id Tphy t r u Ct u re a Cto rS

|_symmetry.space_group_name_H-M 'P 21 21 21"
|_symmetry.Int_Tables_number 19

Structure Factors (CIF)

e Structure Factors (CIF - gz) ( ex p e ri m e nta |

.wavelength_id
.scale_group_code

.ind d t
.ind . . a a
“ind Walidation Full PDF
.status
.pdbx_r_free_flag |
.F_meas_au
.F_meas_sigma_au . .
.intensity_meas \‘f'fa“datan C ”:
.intensity_sigma |
I_plus
_plus_sigma | . i i
_minus Biological Assembly 1 (CIF -gz) @
_minus_sigma |
] 8.39 0.13
2 ©.41 -0.86
62.53 ©.52 3914.12
.36 1250.58
.76 1351.74
.72 8. 247.08
8.67 ©. 25708.18
.78 @. ug75.60
u.ee
8 19.34
11.47
10.59 ©.15
5.73 ©.26

Validation XML

o o
w

Biological Assembly 1 (PDB - 0z)

1875.68 7.5 fo-fic Map (DSNG)
16.14 .8
ElEd G 2fo-fc Map (DSNE)

131.8

[
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@
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oo EN

Map Coefficients (MTZ format)
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Accessing a protein structure

FASTA Sequence

FASTA sequence

FOBx/mmCIF Format

PDBx/mmCIF Format {gz) o m m CI F fo rm at

W ORLDTWIDE FDB Format
%

¢erDB PDB Format () e PDB format

Full wwPDB X-ray Structure Validation Report (i)
PDBML/XML Format (gz)

* Structure factors
Structure Factors (CIF) . I
Aug 25 2021 - 02:02 pm BST Structure Factors (CIF - gz) (ex p e rl m e nta
PDBID : TPHY Walidation Full PDF d ata )

Title : Vaccinia virus E2

Authors : Gao, W.N.D.; Gao, C,; Graham, S.C, Validation XML
Deposited on @ 2021-0819 |

Resolution 2,30 Areported) Validation CIF ® Va I I d at I O n re po rt

This is a Full wwPDB X-ray Structure Validation Report for a publicly released PDB entry. Biological Assembly 1 (CIF - gz) (1]

We welcome your comments at wali dation@m ail wwpdh.org
A user guide is available at | Biological Assembly 1 (PDB - gz)

https:/ /www. wwpdb.org /validation /2017 /XrayValidation Report Help |
with specific help available everywhere you see the (1) symbol,

fo-fc Map (DSNG)
2fo-fc Map (DSNGB)
Map Coefficients (MTZ format)
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Accessing a protein structure
I Display Files =

FASTA Sequence ° FASTA Seq uence
PDEx/mmCIF Format

PDBx/mmCIF Format {gz) ° m m CI F fo rm at

FDB Format (gz) ¢ PDB format

PDBML/XML Format (gz) ° St ru Ct ure fa Cto I'S

Structure Factors (CIF)

Structure Factors (CIF - gz) (expe ri menta |
Validation Full PDF d ata )

Validation XML

Valcaton CIF * Validation report

Biological Assembly 1 (CIF -gz) @

e Assembly

| Biological Assembly 1 (PDB - gz)

fo-fc Map (DSNE)
2fo-fic Map (DSNE)

Map Coefiicients (MTZ format)
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Accessing a protein structure

4

I Display Files ~ QRCINGNE R

ile Edit Calculate Draw Measures Validate About Ligand FASTA Sequence

Im

FASTA sequence

= @l Reset View = Display Manager =& 8_0

PDBx/mmCIF Format
PDBEx/mmCIF Format (gz)

mmCIF format
PDB format

Structure factors
Structure Factors (CIF) .
Structure Factors u:;CIF -0z) ( ex p e rl m e nta |
Walidation Full PDF d ata )

Validation XML

Valcaton CIF * Validation report

Biological Assembly 1 (CIF - gz) @

PDOBE Format
PDB Format (gz)

PDBMLAXML Format (gz)

* Assembly

| Biological Assembly 1 (FDB - gz)
* Map
fo-fc Map (DSNG) a S
2fo-fc Map (DSNGB)
Map Coefficients (MTZ format)
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Accessing a protein structure

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

- » - B 202,292 Structures from the PDB
-] ~ 3D Structures @ T Se (s) or sequence Include CSM @
PROTEIN DATA BANEK E 1,068,577 Computed Structure
Models (CSM) Advanced Search | Browse Annotations Help
R SPDEB #onukeore 28 € PDB-Dev m
Structure Summa 3D View Annotations Experiment Sequence Genome Versions

[ Display Files ~
7PHY

Vaccinia virus E2
PDB DOI: 10.2210/pdb7PHY/pdb

Classification: VIRAL PROTEIN
Organism(s): Vaccinia virus WR
Expression System: Homo sapiens
Mutation{s): No @

Deposited: 2021-08-19 Released: 2021-09-01
Deposition Auther(s): Gao, W.N.D., Gao, C., Graham, S.C
Funding Organization(s): Wellcome Trust

Experimental Data Snapshot WWPDB Validation @ © 3D Report || Full Report

Method: X-RAY DIFFRACTION Metric Percentile Ranks Value

Resolution: 2.30 A Riree I (— 21

¥ 3D View: Structure | 1D-3D View | R-Value Free: 0.237 Clushscore EE— 2
Electron Density | Validation Report | R-Value Work: 0192 Ramachandran outliers IS [ M .|
Ligand Interaction R-Value Observed: 0.194 Suehai ot i
RSRZ outliers M 7.1

Global Symmetry: Asymmetric - C1 €@ W B
Global Stoichiometry: Monomer - A1 €&

et X

Find Similar Assemblies

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

generated by PISA (software)

Biciogteal Assembly Evisence: lont seaterng

Macromolecule Content The crystal structure of vaccinia virus protein E2 and perspectives on the prediction of
novel viral protein folds.

Total Structure Weight: 88.15 kDa @
Atom Count: 6,295 @ Gao, W.N.D., Gae, C., Deane, J.E., Carpentier, D.C.J., Smith. G.L. Graham, §.C.
Modelled Residue Count: 732 @ (2022) J Gen Virol 103

Deposited Residue Count: 750 @

Pubed. 35020552
Unique protein chains: 1

DOI: 10.1099/jgv.0.001716
Primary Citation of Related Structures:

ELTY
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Accessing a protein structure

Structure Summary ‘m Annotations Experiment Sequence Genome Versions
- [ - B 202,292 Structures from the PDB X
-] ~ 3D Structures @ T se (s) or sequence Include CSM @ A 7 P H Yo [l Display Files ~ wnload Files -
PROTEIN DATA BANK E 1,068,577 Computed Structure

Models (CSM)

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

Advanced Search | Browse Annotations Help

Vaccinia virus E2

[l wemen () ot @ PDB-Dev ITEEI. -

Sequence of  7PHY | Vaccini. ®  Chain $  LProteinE2 ¢ A S @ 3 Structure

[EIETE 2PDEB  22hakcon:

ological Assembly 1 @ ) 7PHY

3D View Annotations Experiment Sequence Genome Versions

7PHY | Vaccinia virus E2 ol

[ Display Files ~ MODINELIS S

Type Assembly

. o AsmId  1: Author And Software ...
Vaccinia virus E2 “
PDB DOI: 10.2210/pdb7PHY/pdb ® D Ewls xt @
~
Classification: VIRAL PROTEIN (5
I
Organism(s): Vaccinia virus WR <,
Expression System: Homo sapiens
Mutation(s): No @ 2 ¥, Measurements
Deposited: 2021-06-19 Released: 2021-09-01 7z | Q Structure Motif Search
Deposition Auther(s): Gao, W.N.D., Gao, C., Graham, S.C
Funding Organization(s): Wellcome Trust N © Components TRHY
=
Experimental Data Snapshot WwPDB Validation @ © 3D Report || Full Report [ Preset + Add *=
Method: X-RAY DIFFRACTION Metric Percentile Ranks Value Polymer Catoon @ 0O .
Resolution: 2.30 A Riree I (— 231 : -
¥ 3D View: Structure | 1D-3D View | R-Value Free: 0.237 Clushscore I 2 Ligand Ball &Stick @ @O
Electron Density | Validation Report | R-Value Work: 0.192 Ramachandran outliers IS ] — 1
J R-Value Ob: d: 0.194 - =
Ligand Interaction ‘alue Observe Sidechain outicrs NS 4% Non-standard Ball &Stick @ T
RSRZ outliers —_______ R .
Global Symmetry: Asymmetric - C1 € " B Water Ball &stick @ O
Global Stoichiometry: Monomer - A1 €& e ek 0.8 Xy
Unit Cell 2121 21 & e
Find Similar Assemblies
This is version 1.1 of the entry. See complete history .
Biological assembly 1 assigned by authors and # Density
generated by PISA (software) @ Qual
uality Assessment
ssembly Symmetry
Macromolecule Content The crystal structure of vaccinia virus protein E2 and perspectives on the prediction of Rl
novel viral protein folds. = P
- Total Structure Weight: 88.15 kDa @ P B Export Animation
= Atom Count: 6,295 @ Gao, W.N.D. Gao, C. Deane, J.E. Carpentier, D.C.J. Smith, G.L. Graham, §.C.
- Modelled Residue Count: 732 @ (2022) J Gen Virol 103 =@ Export Geometry
O e Y s o o | Soachon Pl Gt | -
= Unique protein chains. DOI: 10.1099/jgv.0.001716 L
Primary Citation of Related Structures: - .
T Welcome  RCSB PDB Mol* Viewer 2,510 [03/02/2023, 22:45:37] €
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Accessing a protein structure

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

- SHORT COMMUNICATION MICROBIOLOGY
= = ] E [y 202252 Structues from the FDB JOURNAL OF e 0220300116 ' SOCIETY
= P - ~ 3D Stuctures @ [Enter sea ID(s), or sequence Include CSM @ GENERAL VIROLOGY Hvarlogy SoEL THSEEH
PROTEIN DATA BANK E 1,068,577 Computed Structure DOI0-1099/jgv.0.0017 BAPtess
Models (CSM) Advanced Search | Browse Annotations Help

EIETE 2PDEB f20Dakcon [}

w08 @ PDB-Dev [m
The crystal structure of vaccinia virus protein E2 and
3D View Annotations Experiment Sequence Genome Versions perspectlves on the predlctlon of novel V”-al prote”-l folds

Bezore Fles~ | (ORI William N. D. Gao', Chen Gac’, Janet E. Deane?, David C. J. Carpentier’, Geoffrey L. Smith' and Stephen C. Graham™*
Biological Assembly 1 @ ) . _ iliam . . P . rey pl
R 7PHY

B
‘

Vaccinia virus E2

PDB DOI: 10.2210/pdbTPHY/pdb Abstract
Classification: VIRAL PROTEIN The morphogenesis of vaccinia virus (VACV, family Poxvinidae). the smallpox vaccing, is a complex process invebving multiple
Organism(s): Vaccinia virus WR distinct cellular membranes and resulting in multiple different forms of infectious virion. Efficient release of enveloped virions,

Expression System: Homo sapiens

which promote systemic spread of infection within hosts, requires the VACV protein E2 but the molecular basis of E2 function
Mutation{s): No @

remains unclear and E2 lacks sequence homology to any well-characterised family of proteins. We solved the crystal struc-

Deposited: 2021-06-19 Released: 2021-09-01 ture le VACY E2 to 2'.3 A resnlutinr:. reve:aling that it cnmprisgs two dnmainsl witlh nm:el f.olds: an N-terminal annglaﬁr {ring}

Deposition Author(s): Gao, VW.N.D., Gao, C., Granam, S.C domain and a C-terminal globular {head) domain. The C-terminal head domain displays weak structural homology with cel-

Funding Organization(s): Wellcome Trust lular {pseudolkinases but lacks conserved surface residues or kinase features, suggesting that it is not enzymatically active,

and possesses a large surface basic patch that might interact with phospheinositide lipid headgroups. Recent deep learning

Experimental Data Snapshot WwPDB Validation @ & 3D Report || Full Report methods have revolutionised our ability to predict the 1hree—drne nsional structures of proteins from primary sequence alone.

Method: X-RAY DIFFRACTION Metric Percentile Raks Value VAEY E2 is an exemplar ‘difficult’ v'iral protein target for structure prediction, being cqmprisgd !Jf multiple novel domains and

Resolution: 2.30 A fp— | lacklng SEE]LIEI'.HZE hl.Jrnol.ngues outside Foxwridae. Alpha FulqE‘ nonet hgless SUEEEE'E!S in predicting [|?|E structures of the hgal:l

¥ 3D View: Structure | 1D-3D View | R-Value Free: 0237 Clishscore I s and ring domains with high and moderate accuracy. respectively. allowing accurate inference of multiple structural properties.

Electron Density | Validation Report | R-Value Work: 0.192 Ratmachandran outiers IS 7 — 5 The advent qT highly accurate virus structure prediction marks a step-change in structural virology and beckons a new era of
Ligand Interaction R-Value Observed: 0.194 Shdechain Guiers IS s structurally-informed molecular virology.

Global Symmetry: Asymmetric - C1 €@
Global Stoichiometry: Monomer - A1 €&

RSRZ outlicrs ]
Bt

Vaccinia virus (VACV) is the prototype member of the Poxviridae, a family of DNA viruses producing large and complex envel-
oped virions [1]. The family includes variola virus, the causative agent of the highly infectious and lethal disease smallpox, and
This is version 1.1 of the entry. See complete history several viruses endemic in a variety of animal species, some linked with increasing incidences of zoonotic spread and disease in
humans [2-4]. While a concerted vaccination programme led to the WHO declaring smallpox eradicated in 1980, the potential
for re-emergence of poxvirus disease remains and only two drugs, TPOXX and Tembexa, are licenced for the treatment of

. . : . orthopoxvirus infection.
Biological Assembly Evidence: light scattering Literature

Orthopoxviruses produce two distinct types of infectious virion, mature virions (MV's, also called intracellular mature virions,
IMVs) and enveloped virions (EVs, also known as extracellular enveloped virions, EEVs). MVs are formed in cytoplasmic viral
factories, where the genome-containing viral core and lateral bodies are wrapped by a single lipid membrane derived from
the endoplasmic reticulum [5]. MV's are highly stable and, when released upon cell lysis, can survive in the environment to

Find Similar Assemblies

Biological assembly 1 assigned by authors and
generated by PISA (software)

Macromolecule Content The crystal structure of vaccinia virus protein E2 and perspectives on the prediction of
novel viral protein folds.

Total Structure Weight: 88.15 kDa @

« Atom Count: 6,295 @ Gao, WN.D. Gac, C. Deane, J.E. Carpentier, D.C.J., Smith, G.L. Graham, §.C. mediate horizontal spread to new hosts. However, MVs are susceptible to recognition by host adaptive immune response due
- Modelled Residue Count: 732 @ (2022) J Gen Virol 103 to the abundance of conserved viral epitopes on their surface, including components of the virus membrane fusion and entry
> DEEiE RE R CrrT 750Q PubMed: 35020582 mnc_hlnery. Prior to cell lysis a proportion of MVs are lrafllc.k.edﬂn microtubules to sites enriched in trans-Golgi j’e.:Lr]y endosome
= Unigue protein chains. 1 DOI: 10.1099/gv.0.001716 derived membranes, where they are wrapped by two additional envelopes to form intracellular enveloped virions (IEV, also

Primary Citation of Related Structures known as wrapped virus, WV). These [EVs recruit the cellular kinesin-1 microtubule-associated motor complex to mediate

virion trafficking to the cell periphery [6-9], whereupon the outer IEV envelope fuses with the cell membrane to release EVs
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Accessing protein structural models

fOL

) .
UmPro.t.; BLAST Align Peptidesearch IDmapping SPARQL  UniProtkB

|Functian ﬁ Q9 BY43 ¢ CHM4A_H UMAN

Names & Taxonom af — . . .
Y Protein® | Charged multivesicular body protein 4a Amino acids | 222
Subcellular Location Gene! | CHMP4A Protein existence’ | Evidence at protein level
Disease & Variants Status® | M UniProtKB reviewed (Swiss-Prot) Annotation score’ |
PTM/Processing Organism’ | Homo sapiens (Human)
Expression
Entry Feature viewer Publications External links History
Interaction
Structure BLAST Align %, Download * fif Add Addapublication Entry feedback
Family & Domains .
Function’
Sequence & Isoform Probable core component of the endosomal sorting required for transport complex |11 (ESCRT-111) which is involved in multivesicular bodies (MVBs) formation and sorting of endosomal cargo
- . proteins into MVBs. MVBs contain intraluminal vesicles (ILVs) that are generated by invagination and scission from the limiting membrane of the endosome and mostly are delivered to lysosomes
Similar Proteins

enabling degradation of membrane proteins. such as stimulated growth factor receptors, lysosomal enzymes and lipids. The MVB pathway appears to require the sequential function of ESCRT-O. -1.-
Il and -11l complexes. ESCRT-11I proteins mostly dissociate from the invaginating membrane before the ILV is released. The ESCRT machinery also functions in topelogically equivalent membrane
fission events, such as the terminal stages of cytokinesis and the budding of enveloped viruses (HIV-1 and other lentiviruses). ESCRT-111 proteins are believed to mediate the necessary vesicle
extrusion and/or membrane fission activities, possibly in conjunction with the AAA ATPase VPS4. When overexpressed, membrane-assembled circular arrays of CHMP4A filaments can promote or
stabilize negative curvature and outward budding. Via its interaction with PDCDS&IP involved in HIV-1 pé- and p9-dependent virus release. CHMP4A/B/C are required for the exosomal release of
SDCBP, CD42 and syndecan (PubMed:22660413). [N & publications |
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.e

UniPro.t.; BLAST Align Peptidesearch IDmapping SPARQL  UniProtkB

|Functian ﬁ Q9 BY43 ¢ CHM4A_H UMAN

Names & Taxonomy

Subcellular Location Structu re:
Disease & Variants
Model Confidence:

PTM/Processing . Very high (pLDDT > 90)

Expression Confident (90 > pLDDT > 70) '
Interaction Low (70 = pLDDT = 50)
Structure Very low (pLDDT < 50)

AlphaFold preduces a per-residue confidence
score (pLDDT) between 0 and 100. Some regions
with low pLDDT may be unstructured in isolation.

Family & Domains
Sequence & Isoform

Similar Proteins

SOURCE IDENTIFIER METHOD RESOLUTION CHAIN POSITIONS LINKS

--Select-- v --Select-- v
PDB 3C30 K-ray 215A B 210-222 PDBe - RCSB-PDB - PDB;j - PDBsum &
PDB SMK1 K-ray 250A E/F/H/K 205-222 PDBe - RCSB-PDB - PDB;j - PDBsum 4
AlphaFold AF-Q9BY43-F1 Predicted 1-222 AlphaFold &
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Software for viewing protein structures

* Many, many different programs
for viewing proteins structures
for analysis and illustration:




Software for viewing protein structures

REFINEMENT.

L]
* Many, many different programs
’ AUTHORS : Adams,Afonine,Bunkoczi,Burnley,Chen,Dar,Davis,

Draizen, Echols, Gildea,Gros,Grosse-Kunstleve, K Headd,

L] [ [} : Hintze, K Hung,Ioerger,Liebschner, K McCoy, McKee K Moriarty,
r VI W I n r I n r r : Oeffner,Poon,Read,Richardson,Richardson, Sacchettini,
: Saute: obolev,Storoni, Terwilliger,Williams, Zwart
X—RAY DATA.

for ana|y5is and i”UStratiOn: REFINEMENT TARGET : ML

DATA USED IN REFINEMENT.
RESOLUTION RANGE HIGH (ANGSTROMS)

o TeXt ed ito rS : RESOLUTION RANGE LOW (ANGSTRO

Q" Z\Projects\OId\CamPath\VACVAE2\final_structure\VACY_E2_refine_20.pdb - Notepad + +

File Edit Search View Encoding Language Settings Tools Macro Run  Plugins  Window 7

o L] oollEl}]| | |ﬂi;ﬁi'|‘§ -3'|_-'_.:'_ = u.j@-—"“zl 3]
Enew 1 IE 14 ,malonate_interface pml |=| VACV_E2?_refine_20pdb E3 l

1 REMRRE 3

2 REMRRE 3 REFINEMENT.
REMRRE 3 DPROGRREM : PHENIX (1.13.2_4158: 277)
REMARE 3 AUTHORS : Adams, Afonine, Bunkoczi, Burnley, Chen, Dar, Davis,
REMRRE 3 : Draizen,Echols, Gildea, Gros, Grosse-Kunstleve, Headd,

€ REMRRE 3 : Hintze,Hung, Ioerger, Liebschner, HcCoy, McEee , Moriarty,

7 REMRRE 3 : Oeffner, Poon, Read, Richardson, Richardson, Sacchettini,

= REMRRE 3 : Sauter, Sobolev, Storoni,Terwilliger,Williams, Zwart
REMRRE 3
REMRRE 2 E-RRY DRTR.
REMRRE 3
REMRRE 3 REFINEMENT TARGET : ML
REMZRE 32
REMRRE 2 DARTR USED IN REFIMEMENT.
REMRRE 3 RESCLUTICHN RANGE HIGH (ANGSTRCMS) : 2.
REMRRE 3 RESCLUTICON RANEE LOW (ANGESTROMS) : 35.
REMRRE 3 HMIN(FOBS/SIGMR FOBS) : 1.
REMZRE 3 COMPLETENESS FOR RAEMGE (%) = &
REMARK 3 NUMBER OF REFLECTIONS o N ote a d ++
REMRRE 3  NUMBER OF REFLECTIONS (NON-ANOMRLOUS) p
REMRRE 3
REMRRE 2 FIT TO DATR USED IN REFINEMENT. .
REMRRE 3 R VALUE (WORKING + TEST SET) : 0.1343 https.//n Ote pad'
REMRRE 3 R VALUE (WOREING SET) : 0.151%
REMRRE 3 R VALUE : 0.2370
REMARE 3 R VALUE TEST SET SIZE (%) : 5.14 plUS-p'US.Org/

27 REMLRE 3 R VALUE TEST SET COUNT : 239¢
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Software for viewing protein structures

& ChimeraX - D0 X
. ° File Edit Select Actions Tools Favorites Presets Help
al ly’ I I |a| ly I e rel I prog ral I IS Home  MoleculeDisplay  MNucleotides  Graphics Map  Medical lmage  Markers  Right Mouse
oo - L)
MER & B8dd ST /oL JHELMQ
° ° e Open Recent Save Snapshot Spin  Show Hide Show Hide Stick Sphere Ball White Black Simple Soft Full  Inspect
rviewin I N I I
File Images Atoms Cartoons Styles Background Lighting Selection
Log a x
. . . TS !
° UCSF ChimeraX version: 1.5 (2022-11-24)
O r a I l a S I S a I I I u S ra I O I l © 2016-2022 Regents of the University of California. All rights reserved.
L] How to cite UCSE ChimeraX
L]
* Text editors (notepad!
°
.
* ChimeraX
NE155.st 3p3y_NE.C Ig1-4
Models J X
Name D @ @ Close
Hide
Show
View
HHV7 ra.on HCMV 220808 CPWVexs 220808 CPVexs Info
Command: | v
Welcome to Chimerax o [:]

https://www.cgl.ucsf.edu/chimerax/

UNIVERSITY OF

CAMBRIDGE



https://www.cgl.ucsf.edu/chimerax/

Software for viewing protein structures

K5 pyvoL ]

* Many, many different programs o 8 e oy sy vt e e

| OpenglL graphics engine:

X |

Reset | Zoom || Orient | Draw/Ray ¥ ||

GL_VENDOR: Intel Unpick | Deselect Rock Get View ||
: : . GL_RENDERER: Intel(R) Iris(R) Xe Graphics |« <! Stop | Play | = =]  MClear
or viewin roteins structures | SLuERsIon 50 eeils 210 161 aoos
Detected 12 CPU cores. Enabled multithreaded rendering.

PyMOL>set display_scale_factor, 1

for analysis and illustration: R
* Text editors (notepad!) |

 ChimeraX Open-Source

l by SCHRODINGER

Unofficial PyMOL™ Executable - Copyright ©@ Schridinger, LLC

To obtain official PyMOL builds with maintenance and support,
please visit the project home page at: https://pymol.org

PytOL>_

https://github.com/schrodinger/pymol-open-source



https://github.com/schrodinger/pymol-open-source

Software for viewing protein structures

& pyvoL - o x|
Y M File Edit Build Movie Display Setting Scene  Mouse Wizard  Plugin - Help [
a I Iy’ I I |a I ly I e rel I p rog ra I I IS Detected GLSL version 4.68. Reset | Zoom Orient | Draw jRay ~ |
| OpenglL graphics engine: " .
. . . GL_VENDOR: I tel Unpick | Deselect | Ro ck | Get View |
GL_ RENDERER Inte 1(R) I is(R) Xe Graphi |« <! Stop | Play | = =]  MClear
or viewing proteins structures | S Itk han
Detected 12 CPU cores. Enabled multlthr‘eaded rendering.
Pyr".OL td splay_s 1ft,1
ttttttttttttttttt e_factor set to 1.

PPPPPP

for analysis and illustration: |
» Text editors (notepad!) |

 ChimeraX Open-Source

l by SCHRODINGER

* There are open source and paid-for
versions of PyMOL. It’s easy to install
the free open source version:

https://pymolwiki.org/index.php/Windows Install . o, S Y
https//pymolw|k|org/mdexphp/I\/IAC InSta” please visit the project home page at: https://pymol.org

Unofficial PyMOL™ Executable - Copyright ©@ Schridinger, LLC

https://github.com/schrodinger/pymol-open-source
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Software for viewing protein structures

* Many, many different programs
for viewing proteins structures
for analysis and illustration:

» Text editors (notepad!)
e ChimeraX

* PyMOL

* COOT

O
vtni(—}@@@%‘ x

& @ b DD S s

@ [ [+ & oF ¢

https://www?2.mrc-Imb.cam.ac.uk/personal/pemsley/coot/
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Software for viewing protein structures

CCP4MG version 2.10.11 =13
File Edit View Display Applications Windows Tools Help CCP4i2
| S & 4 QR HLEEO T2 8 & 2

* Many, many different programs
for viewing proteins structures R i
for analysis and illustration:

* Text editors (notepad!)

ChimeraX

PyMOL

COOT

CCP4mg

..............

https://www.ccp4.ac.uk/MG/
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Software for viewing protein structures

Sequenceof  HIVlenvelop.. % Chan %
A @ Home

T T e

~ Downlead Structure

Source PDB

° Many; many different programs

ions

c v Apply

or viewing proteins structures

» Download File

> Open Files

or analysis and illustration:

Download

» Load CellPack

* Text editors (notepad!) e

@ Zenodo Import

* ChimeraX

Zika+EM

P-450 Superposition & Validation

PyMOL

1RB8 Assembly Symmetry

6meo
CO OT Thu, 23 Feb 2023 14:45:15 GMT
MEQ_Part_2.molx
6MEQ_Part_2.molx
6MEQ_Part_2.molx
CC P4I I Ig Fri, 24 Feb 2023 17:08:59 GMT
Sat, 25 Feb 2023 21:20:34 GMT
* Sun, 26 Feb 2023 04:04:15 GMT
M O I Sun, 26 Feb 2023 22:22:09 GMT

Sun, 26 Feb 2023 22:24:55 GMT

Sun, 26 Feb 2023

2:36:14 GMT
Sun, 26 Feb 2023 23:59:07 GMT
Mon, 27 Feb 2023 01:24:57 GMT
Mon, 27 Feb 2023 02:34:37 GMT
Mon, 27 Feb 2023 02:36:07 GMT

Mon, 27 Feb 2023 02:37:21 GMT 103420  Created HIV1_capsid_3j3q_Packinner_0_1_Ointerior in 72ms.

Mon, 27 Feb 2023 02:37:52 GMT I 10:3420  Created Polymer in 11ms.
I 10:34:20  Crested Gaussian Surface in 23ms,

https://molstar.org/

UNIVERSITY OF
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L3 Structure

Structure Tools

4 structures

%, Measurements

+ Add

i Superposition

== Chains <. Atoms

# Quick Styles

Default Stylized llustrative

@ Components 4 structures
[ Preset + Add kS

Polymer Gaussansuface ©

+ Export Models
& Export Animation

3@ Export Geometry



https://molstar.org/

Software for viewing protein structures

* Many, many different programs
for viewing proteins structures
for analysis and illustration:

Text editors (notepad!)

ChimeraX

PyMOL

COOT

CCP4mg

Mol*

Protein Imager

B> UNIVERSITY OF

- CAMBRIDGE

= =l e a| Protein Imager @)|toam | register
< o A >
p Visual selection ‘ Structures n
ick on screen to select | Disabled v (¢} " e ©
" Structure erimj
‘ Structure hiel hy ‘ P i
RRRRRRRRRR
C nt structure
| Advanced select \ RUCTURE1
@&
y Enti
nge | ByProperty L PIEZO
Ssem!
DEFAULT ~
Selectio
Restore default sele
+New s
& tr1 11826
< rl 1826
@ i usz
=
nnnnnnnnnnnnnnnnnnnnn cy
OQutlines 1
Sensitivity 2

https://3dproteinimaging.com/protein-imager/



https://3dproteinimaging.com/protein-imager/

Software for viewing protein structures

* Many, many different programs
for viewing proteins structures
for analysis and illustration:

» Text editors (notepad!)

ChimeraX

PyMOL

COOT

CCP4mg

Mol*

Protein Imager

Blender (with Molecular Nodes)

4096

https://bradyajohnston.github.io/MolecularNodes/

UNIVERSITY OF
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https://bradyajohnston.github.io/MolecularNodes/

Measures of protein structural similarity

e Sequence identity is a
measure of amino acid
sequence similarity

* High identity suggests
evolutionary similarity

* Proteins can have similar
structures in absence of
similar sequences

* How do we measure prOtem Vaccinia virus proteins A49 (left) and A52 (right)

structure similarity? Very similar structures but no sequence identity
was unidentifiable

UNIVERSITY OF Image: Stephen Graham (CC BY 4.0)

CAMBRIDGE



Root mean squared deviation (RMSD)

1 o
RMSD:\F;@

 Where 0 is the distance between two equivalent atoms
* Generally measured between Ca atoms
* When quoting, need to specify both RMSD and number of matched atoms

* Exist several more advanced measures (normalised RMSD, GDT_TS, ...)
* Can calculate in ChimeraX, PyMOL, COOQT, ...




How can you find other structures similar to
your protein of interest?
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Structure-based searches: DALI

http://ekhidna2.biocenter.helsinki DALI
fi/dali/

PROTEIN STRUCTURE COMPARISON SERVER

* Can search databases of
experir nental structures and
The Dali server is a network service for comparing protein structures in 3D. You
submit the coordinates of a query protein structure and Dali compares them against
p a O I I I O e S those in the Protein Data Bank (PDB). In favourable cases, comparing 3D structures

may reveal biclogically interesting similarities that are not detectable by comparing
sequences.

About PDB search PDB25 AF-DB search Pairwise All against all Tutorials References Statistics Download

Check queue status here. Megausers please consider downloading the standalone
program.

You can perform three types of database searches:

Heuristic PDB search - compares one query structure against those in the
Protein Data Bank

Exhaustive PDB25 search - compares one query structure against a
representative subset of the Protein Data Bank

Hierarchical AF-DB search - compares one query structure against a species
subset of the AlphaFold Database

and two types of structure comparisons of user selected structures:

Pairwise structure comparison - compares one query structure against those
specified by the user

All against all structure comparison - returns a structural similarity
dendrogram for a set of structures specified by the user

Citation:

1. Holm L (2022) Dali server: structural unification of protein families. Nucleic
Acids Research 50, W210-W215

UNIVERSITY OF

CAMBRIDGE



http://ekhidna2.biocenter.helsinki.fi/dali/
http://ekhidna2.biocenter.helsinki.fi/dali/

Structure-based searches: DALI

Results: 7phyA
http://ekhidna2.biocenter.helsinki Quﬂy:mhyfy

-fi/d a I i/ MOLECULE: PROTEIN E2;

Select neighbours (check boxes) for viewing as multiple structural alignment or 3D superimposition. The list of neighbours 1s
sorted by Z-score. Similarities with a Z-score lower than 2 are spurious. Each neighbour has links to pairwise structural alignment

® C a n S e a rc h d a ta b a S e S Of with the query structure, and to the PDB format coordinate file where the neighbour 1s supenimposed onto the query structure.
. Expand gaps | 3D Superimposition (PV) || SANS || PANZ || Pfam || Reset Selection |
experimental structures and

Summary

AlphaFold2 models

z rmsd lali nres ¥id PDB Description
[J1: 7phy-a s4.5 @.e 732 732 1@ PDE MOLECULE: PROTEIN E2;
[(Jz: eplm-B 18.3 4.8 256 752 1@ PDB MOLECULE: SID] PROTEIN;
P S h It d b Z [(J3: 7r5s-I 4.9 15.1 176 622 7 PDB MOLECULE: CENTROMERE PROTEIN H;
ea rC res u S O r e r y SCO re [(Ja: 1z2c-8 4.8 18.7 127 346 8 PDB MOLECULE: RHO-RELATED GTP-BINDING PROTEIN RHOC;
[(Js: &yle-p 4.7 ©.8 139 547 PDE MOLECULE: PRE-RRNA-PROCESSING PROTEIN IPI3;
t t' t' I H 'f' [J&: 4lnb-a 4.7 1@.@ 156 339 6 PDE MOLECULE: CAAX FARNESYLTRANSFERASE ALPHA SUBUNIT RAMZ;
S a IS |Ca Slgn I |Ca n Ce [J7: 3dad-a 4.5 18.1 184 324 12 PDBE MOLECULE: FH1/FH2 DOMAIN-CONTAINING PROTEIN 1;
[(Js: se2f-a 4.4 12.8 148 771 4 PDB MOLECULE: BACULOVIRAL IAP REPEAT-CONTAINING PROTEIN &;
e: 7uwf-c 4.3 12.1 118 517 5 PDE MOLECULE: WD REPEAT-CONTAINING PROTEIN 18;
P U | I H d M 1 (i1e: edec-a 13.7 125 382 & PDE MOLECULE: NCK-INTERACTING PROTEIN WITH SH2 DOMAIN;
Ses a reSI u e pa I rW I Se C11:  adel-e 14.3 11@ 479 10 PDE MOLECULE: PHOSPHATIDYLINOSITOL 4-KINASE BETA;
[J1a: 7zkg-c 5.2 122 416 9 PDB MOLECULE: MADH DEHYDROGEMASE SUBUNIT 2
d 1 t t 1 t R IVI S D 13:  4imj-a 14.4 139 333 PDE MOLECULE: SYMPLEKIN;
IS a n Ce m a rl Ces, n O (aa:  7x9r-a 19.4 153 448 3 PDBE MOLECULE: GLYCOSYL TRANSFERASE FAMILY 2;
[(J1s:  4acem-8 122 382 4 PDB MOLECULE: REGULATOR OF NONSENSE TRANSCRIPTS 2;

W oW B B BBk R R R
W W W e = e NN M
w
Y B T R (e’ B N O < B FT R |

Cl1e:  4wmo-a 3. 125 238 11 PDB MOLECULE: EKC/KEOPS COMPLEX SUBUNIT BUD32;
[
(] Z SCO reS a bove ? O r SO a re I I ke I Caz: 6yai-M 16. 168 518 13 PDE MOLECULE: CLATHRIM HEAVWY CHAIN;
y (ET-H 6iBg-v 24, 153 722 7 PDE MOLECULE: PRE-MRNA-SPLICING FACTOR &;
[1e: Swy3-B 7. 118 366 4 PDE MOLECULE: PUTATIVE UNCHARACTERIZED PROTEIN;
17. 138 456 3 PDE MOLECULE: 265 PROTEASOME MON-ATPASE REGULATORY SUBUNIT 4;

to be meaningful D

UNIVERSITY OF

CAMBRIDGE
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Structure-based searches: PDBeFold

EMBL-EBI ervices | Research | Training | About us

Protein Data Bank

https://www.ebi.ac.uk/ 22 nswoe
msd-srv/ssm/

PDBeFold

« Share 9% Feedback

- PDBeFold
. links PDBeFold. Structure Similarity.
e Searches against PDB
o Performance PDBeFold functionality:
. k4 pairwise comparison and 3D alignment of protein structures
O r a I St O St r u Ct u re S e Version log multiple comparison and 30 alignment of protein structures
o examination of a protein structure for similarity with the whole PDB archive or SCOP archive

best Ca-alignment of compared structures
download and visualisation of best-superposed structures using Rasmal (Unix/Linux platforms),
linking the results to other services - PDBeMotif, SCOP, GeneCen P, CATH, PDBSum, U

Links

Rastop (Windows machines) and Jmol(platform-independent server-side java viewer)

o

o 0 0 00 0

you supply - B

: L h PDBeFold
tutorial

 Can do all-vs-all . Otherfinks

¢ PDBePISA POBerold

°

1 with other protei

sed as & structure

FSSP

PDESUM

L] . ‘L’ e CCP4 PDBeFold queries may be launched fro structises).
p a I rW I S e S u p e r p O S I t I 0 n Coorlib We welcome your faedback! Pleasa send any questions, comments, suggestions and bug reports using the FEEDBACK button on the top of the page.
o Rasmol
o
o
o
o
o PDBeMotif
o GeneCensus
o
o
o
o

UNIVERSITY OF

CAMBRIDGE
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Structure-based searches: PDBeFold

EMBL-EBI Services | Research Training About us

Protein Data Bank

https://www.ebi.ac.uk/ &2 newee
msd-srv/ssm/

PDBeFold

« Share ) Feedback

No non-identical matches were found at the similarity levels of your query (70:70). The results below are only samples of matches with a lower similarity. In order [ Repeat as suggested
to get a full list of the closesi maiches, please repeat your query with similarity levels 20:30 or lower.

e Searches against PDB
or a list of structures Query:pab entry Tphy:. 752 residues
yo u S u p p |y Examined 187732 entries, (530702 chains). Displaying Matches 1-20 of 107.

[ Back to query | | last page |Sort by [ Q-score ~ | arrange by SCOP family []  match

® Ca n d O a I I-Vs—a I I # Scoring . RMSD Ngg, Ny %, Query Target (PDB entry)

a Pz Yosse  Malch  %6ge Nps = Title

pairwise superposition | .. ..o.e v o e
* Uses RMSD s loma [ [em [ o =

* Reports Q score (1 is AR
perfect) an Zscore oo
(higher is better)

10 @.e26 -2.8 @.6 4.51 215 28 13 28 3oc3:B 23 749

Structure Alignment Results. €

VACCINIAVIRUS E2
CRYSTAL STRUCTURE OF CAS1212 TERNARY COMPLEX WITH 12 NT SPACER

STRUCTURE OF MYCOBACTERIUM TUBERCULOSIS BETA-OXIDATION TRIFUNCTIONAL ENZYME WITH COENZYME A BOUND AT
THE HYDRATASE, THIOLASE ACTIVE SITES AND ADDITIONAL BINDING SITE (COA(ECH2))

o oo

RING-LIKE DARPIN-ARMADILLO FUSION H83_D01

71 298 51 sSE 17

o
=)
®
w
&
@
)
)
=
wn

CRY(O-EM STRUCTURE OF LIGAND-FREE HUMAN SARM1

CRYSTAL STRUCTURE OF NOP9 IN COMPLEX WITH ITS1 RNA

NOPS, ANEW PUF-LIKE PROTEIN, PREVENTS PREMATURE PRE-RRNA CLEAVAGE TO CORRECTLY PROCESS MATURE 185 RRNA

NOPS, ANEW PUF-LIKE PROTEIN, PREVENTS PREMATURE PRE-RRNA CLEAVAGE TO CORRECTLY PROCESS MATURE 185 RRNA

=1
=)
@
@
L
w

.82 203 29 9 28 STRUCTURE OF NOP9 RNA COMPLEX

CRYSTAL STRUCTURE OF THE MOT1 N-TERMINAL DOMAIN IN COMPLEX WITH TBP

¥
000000 OoOoD

CRYSTAL STRUCTURE OF THE MOT1 N-TERMINAL DOMAIN IN COMPLEX WITH TBP

UNIVERSITY OF
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Sequence/Structure based search: Foldseek

htt pS ://Sea rC h -fo I d See k- CO m/ =  Foldseek Search .=+ GITHUB  SODING LAB  STEINEGGER LAB

g
Queries Search Settings
search %
1 1 ATOM 866 PHE A 111 11.187 -12.768 -6.000 Databases @
¢ CO m bl n es Seq u e n Ce a n a Iys I S ATOM 867 PHE A 111 11.895 -11.516 -5.804 AlphaFold/UniProt50 v4
. . ATOM 868 PHE A 111 13.203 -11.457 -6.592 AlphaFold/Swiss Prot v4
a n d St ru Ct u re a n a Iys I S u SI ng ATOM 870 PHE A 111 12.169 -11.360 -4.310 AbhaFold/Proteome v4
d | . ATOM 877 GLY A 112 13.543 -10.277 -7.894 M?‘nifv E;PL']"OE\I’"]
ATOM 878 GLY A 112 14.800 -10.107 -7.788 LelllbAssae
ee p ea rn I n g ATOM 879 C GLY A 112 14.816 -9.982 -9.286 ’DB100 220122
ATOM 881 N TYR A 113 13.670 -10.112 -9.938 GMGCL 2204
° IVI h f t th th ATOM 882 TYR A 113 13.648 -10.024 -11.397 _
u C a S e r a n O e r ATOM 883 TYR A 113 12.764 -8.904 -11.929 MOd?EjJAA
: : 211.355 '“11. 3D,
techniques, so can search an b m omams | Do s s Thaign
) O

ATOM 894 CYS A 114 12.288 -7.406 -13.778

|arger databases (database CURL COMMAND LOAD ACCESSION UPLOAD PDB ﬁ: feroneme
with AlphaFold2 models of all
proteins)

Q, SEARCH

Reference
van Kempen M, Kim S, Tumescheit C, Mirdita M, Gilchrist CLM, Soding J, and Steinegger M.,
bioRxiv, 2022.



https://search.foldseek.com/search
https://search.foldseek.com/search

Sequence/Structure based search: Foldseek

htt ps ://Se a rC h 'fo I d S e e k ° CO m/ =  Foldseek Search "; GITHUB  SODING LAB  STEINEGGER LAB

S e a rC h Q Results for Job: cB7mDXjdTyiOlkUmi4nVOTHsZ 1nvWhti52GDEw

* Combines sequence analysis * : - &
and structure analysis using ‘ W
deep learning e

* Much faster than other oo O e e [ s DT

techniques, so can search
larger databases (database
with AlphaFold2 models of all
proteins)

e Scored by E-value (probability
of significance, lower is better)

UNIVERSITY OF

CAMBRIDGE
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Analysing protein complexes
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Inspecting protein interaction interfaces

* Many (most) proteins function as part
of macromolecular assemblies

O
* Crystals are large arrays of protein ® zs
molecules o 23
e Some interactions between adjacent o9
molecules will be biologically meaningful ® ::
* Other interactions will be crystallisation ° 33
artefacts (don’t occur in nature) 3:

* How can we identify and characterise
biologically meaningful protein o
interactions? 6 Garland Science 2010

UNIVERSITY OF Image: Reproduced with permission from Biomolecular Crystallography by Bernhard Rupp, © 2009-2014 Garland Science/Taylor & Francis LLC.

CAMBRIDGE



Inspecting protein interaction interfaces — PDBePISA

5 | Research | Tra About us

e PDBePISA server nEiope PDBePISA

Bringing Structure to Biology

https://www.ebi.ac.uk/pdbe/ .

Disclaimer PDBePISA (Proteins, Interfaces, Structures and Assemblies)

°
L] ° :
sa/pistart.html " Vistn
I : o Privacy PDBePISA is an interactive tool for the exploration of macremolecular interfaces.
o

Linking to With PDBePISA, you can:
| o Retrieve pre-calculated results for the whole PDB archive.
o Calculate results interactively for structures uploaded as PDB or mmCIF files
These calculated results include:
o structural and chemical properties of macromolecular surfaces and interfaces
o probable quaternary structures (assemblies), their structural and chemical properties and probable dissociation pattern
o search the PDB archive for particular interfaces formed by structural homologs.

o search the PISA database of pre-calculated results using a wide range of options, such ss:
[ - ™ multimeric state,
o Other links symmetry number,
space group,
PDBeFold
° e wide @ assess the significance (bislogical rale) of macromolecular interfaces
t h e S I Ze a n d S h a p e Of t h e protei 'D . o download and visualise structures, interfaces and assemblies using Rasmol (Unix/Linux platforms), Rastop (MS Windows machines) and Jma| (platform-independent server-side java viewer)

rotein Data

accessible/buried surface area,
We welcome your feedback! Please send any questions, comments, suggestions and bug reports using the FEEDBACK button from the top of the page.

°

o o o

°

°

free energy of dissociation,
presence/absence of salt bridges and disulphide bonds,
homomeric type,

ligands

keywords

o
o0 000 00

°

o 0 o o

PISA queries may be launched from any web site by following these instructions.

L L]
I n t e ra Ct I O n PISA data may also be downloaded using direct URL links (instructions} here.

UNIVERSITY OF

CAMBRIDGE
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Inspecting protein interaction interfaces — PDBePISA

Services | Research | Training | About us

Protein Data Bank

* Analyse any structure from in Europe e

Bringing Structure to Biology

P D B « Share 8, Feedback

PISA Query.
@ Submission Form @Structure Analysis (Database Searches

s PDB entry[3og0 | [Analyse | View

O .Coordinate file

ﬂAna\ysis 8 amino acid chains and 3 ligands in ASU
The structures appear to be monomeric 8.
Process ligands: @pg IPA

Processing mode: @[ Aute |

‘ Interfaces H Monomers || Assemblies

’DBe PISA v1.52 [20/10/2014]

UNIVERSITY OF

CAMBRIDGE




Inspecting protein interaction interfaces — PDBePISA

Protein Data Bank

* Analyse any structure from S in Europe

PDBePISA
Bringing Structure to Biology

P D B « Share 8, Feedback

PISA Query.

o A n a |yS i n g in terfaces @ Submission Form @Structure Analysis (Database Searches

. . @ PDBentry[3ogo  |[Analyse | View
* Extent of interaction

@ Analysis. 8 amino acid chains and 3 ligands in ASU

o N U m be r Of hyd roge n bo n d S’ The structures appear to be monomeric @

Process ligands: @pg IPA

Salt bridges and diSU|fide Processing mode: @[ Aute |
bo n d S *DBe PISA v1.52 [20/10/2014] [irterfeces ] [Monomers ][ Assembes |

 Amount of energy gained/lost PISA Interface List.
by burying interface sesion iap @ w-rsoc.con Interfaces in PDB 3ogo crystal.

. . . Interfaces
* Hiding residues from solvent

¢ S uggeStS Wh i C h i nte ra Ctio n S Interfaces . | XML | | View | [ Details | [Download || Search |
a re b | O I O g' Ca I Iy m e a n | n gfu I Id:!:” z::uct:r:suﬁace 5 2, Stw;t:nr]els - interface  AG AG  Nyz Neg N CSS

Range  Symmetry op-n ~ 'N.. Surface A’ area, A> kcallmol P-value

Space symmetry group: P 21 21 2. Resolution: 2.80 A

STRUCTURE OF THE GFP:GFP-NANOBODY COMPLEX AT 2.8 ARESOLUTION IN SPACEGROUP P21212

1 74 18 6228 ¢ D xyz-1 1554 83 23 10328 698.1 -1.3 @.489 13 6 @  ©.000
CSS SCO re ( n Ot a IWayS CO rre Ct) 2 73 18 6158 ¢ A *x-1-yz 2455 77 22 11065 685.9 -8.9 @.543 12 8 @  ©.000
3 76 18 6154 ¢ C xyz 1555 79 21 18358 680.6 -1.2 @.485 18 7 @  @.000
4 72 18 6343 ¢ B xyz 1555 8 22 10262 677.6 1.1 @.495 11 6 @  0.008

bl £ UNIVERSITY OF




Inspecting protein interaction interfaces — PDBePISA

PISA Interface List.

Session Map @ ju=720.0c-26M)

° Ca N VleW the |nte ra Cthn i Interfaces in PDB 3ogo crystal.

Space symmetry group: P 21 21 2 Resolution: 2.80 A

L] L] L]
I nte rfa C e I n te ra Ct I Ve Iy STRUCTURE OF THE GFP:GFP-NANOBODY COMPLEX AT 2.8 ARESOLUTION IN SPACEGROUP P21212

Interfaces @ [ xmL | || view | | Details | | Download || Search |

H 5. Stucture 2. interface  AG 4G, €SS,
Id NN «» Range Surface A2 Range  Symmetryop-n  SymJID N, 'N_. Surface A> area,A> kcal/mol P-value

1 H 6228 © D xy.z-1 1_554 83 23 18328 698.1 -1.3 @.499 13 6 [} ©.808

E 6158 0 A %1,z 2_455 77 22 11865 £85.9 -8.9 8.543 12 8 @ 8.060

F 76 19 6154 ¢ C Xy.Z 1_555 79 21 10358 680.6 -1.2 @.495 1@ 7 2 9.000

G 72 18 6343 ¢ B XY.2 1_555 g0 22 10262 677.6 -1.1  @.495 11 6 2] 0.000

Interface #1 in 3ogo/H:D
Rendering
Spacefil v
Background
Alice Blue v

Zoom: [100% v

Screen

Close

UNIVERSITY OF

CAMBRIDGE




Inspecting protein interaction interfaces — PDBePISA

PISA Interface List.

Session Map @ ju=720.0c-26M)

° Ca N VleW the |nte ra Cthn i Interfaces in PDB 3ogo crystal.

Space symmetry group: P 21 21 2 Resolution: 2.80 A

L] L] L]
I nte rfa C e I n te ra Ct I Ve Iy STRUCTURE OF THE GFP:GFP-NANOBODY COMPLEX AT 2.8 ARESOLUTION IN SPACEGROUP P21212

Interfaces @ Details || | Download

° 1 1 Structure 2 interface AG AG Nem MNes Nos GCSS
a n VI eW e e a I S O e == Surface A® Range  Symmetryop-n  SymJID N, 'N_. Surface A> area,A> kcal/mol P-value
6228 oD xvz-1 1554 8 23 19328 690.1 -1.3  @.499 13 6 @  ©9.000

3

Interaction | PISA Interface. :

3

* Handy list of hydrogen bonds (i) Lo i o

Monomers

Assemblies

STRUCTURE OF THE GFP:GFP-NANOBODY COMPLEX AT 2.8 ARESOLUTION IN SPACEGROUP P21212

interface # 1 in PDB 3ogo crystal.

Space symmetry group: P 21 21 2. Resolution: 2.80 A

Interface Search

Hydrogen bonds | xML Salt bridges | xmL Mo disulfide bonds found
## Structure 1 Dist. [A] Structure 2 i Structure 1 Dist. [A] Structure 2 o covalent bonds found
1 H:SER 34[ OG ] 2.5@0 D:GLU 142[ OE1] | 1 H:ARG 36[ NMH1]  3.87  D:GLU 142[ 0E1]
2 H:ARG 36[ MH1] 3.21 D:ILE 171[ 0 ] | 2 H:ARG 36[ NH2Z]  2.99  D:GLU 142[ 0E2]
3 H:ARG 35[ MH1] 2.9% D:SER 175[ O ] | 3 H:ARG 38[ NH2Z]  2.8%9 D:GLU 142[ OE1]
4 H:ARG 36[ MH2] 2.8% D:GLU 142[ OE1] | 4 H:GLU 184[ OE1] 2.94 D:ARG 168[ NH1]
5 H:ARG 58[ MH1] 3.65 D:GLU 172[ 0 ] |5 H:GLU 1e4[ OE2] 3.12 D:ARG 168[ NH1]
& H:SER @[ M ] 3.81 D:ASP 173[ 0 ] | € H:GLU 184[ OE2] 2.94 D:ARG 168[ NH2]
7 H:SER G@[ OG ] 2.41 D:ASP 173[ 0 ]
8 H:TYR 38[ OH ] 3.84 D:ARG 168[ NH2]
9 H:ASN 1@e[ 0D1] 3.56 D:TYR 145[ N ]
1@ H:GLU 184[ OE1] 2.68 D:SER 147[ N ]
11 H:GLU 1@4[ OE1] 2.94 D:ARG 168[ MNH1]
12 H:GLU 184[ OE2]  3.12 D:ARG 1638[ NH1]
13 H:GLU 1@4[ OE2] 2.94 D:ARG 168[ NHZ]

UNIVERSITY OF
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Inspecting protein interaction interfaces — PDBePISA

PISA Interface List.

Session Map @ ju=720.0c-26M)

° Ca N Vl ew th e | nte ra CtIO N i Interfaces in PDB 3ogo crystal.

Space symmetry group: P 21 21 2 Resolution: 2.80 A

L] L] L]
I nte rfa C e I n te ra Ct I Ve Iy STRUCTURE OF THE GFP:GFP-NANOBODY COMPLEX AT 2.8 ARESOLUTION IN SPACEGROUP P21212

Interfaces @ Details || | Download

e Can view the details of the

== Surface A2 Range  Symmetry op-n N, 'N.. Surface A2 area, P-value
74 18 6228 ¢ D xy.z-1 83 23 10328 69@.1 -1.3 @498 13 6 @  2.000
° ° 73 18 6150 o A x-1yz 77 22 11065 685.9 -.9 @.543 12 8 @ ©8.000
I nte ra Ct I O n 76 19 6154 ¢ C xyz 79 21 10358 680.6 1.2 @495 1@ 7 @ @.009
72 18 6343 o B xyz ge 22 10262 677.6 1.1 @485 11 6 @  @.ee9
.
* Handy list of hydrogen bonds . - .
33 H:SER 34 31.48 22.17 I @.02 33 D:GLY 35 8.563 a.00 @.08
34 @.00 34 D:ASP 36 23.04 @.08 @.08
. . . 35 H:A&RG 36 88.67 a3.e8 |l -1.91 35  D:ALA 37 11.42 @.08 0.20
* And list of which residues are . e o 3
37 H:TYR 38 46.25 a4.79 [Nl -e.13 37 D:TYR 39 145.65 a.00 @.00
buried (hidden from Solvent) 33 H:ARG 39 14.04 2.00 @.00 33 D:GLY 48 1.33 2.00 @.00
39 H:GLN 48 55.42 @.00 @.00 39 D:lYS 41 69.66 @.08 @.08
. . . 48 H:ALA 41 25.98 a.00 a.00 48  D:LEU 42 4.85 a.00 @.00
by the I nte ra Ctlon I nte rfa Ce 41 H:PRO 42 116.26 2.00 @.00 41 D:THR 43 57.41 a.00 @.00
42 H:GLY 43 87.82 @.00 @.00 42 D:LEU 44 6.18 @.08 @.08
43 H:LYS 44 142,93 a.00 a.00 43 D:LYs 45 55.58 a.00 @.00
44  H:GLU 45 156.25 31.48 ||| -@.38 44 @.00
45  H:ARG 45 89.45 6.16 | -@.01 45 D:ILE 47 20.59 a.00 @.00
46  H:GLU 47 66.28 2.00 @.00 46 D:CYS 48 8.93 2.00 @.00
47 H:TRP 48 83.49 4g.83 ||l @.78 47 D:THR 49 76.33 @.08 @.08
48 a.00 48 D:THR 50 72.72 a.00 @.00
49 @.00 43 D:GLY 51 44.87 a.00 @.00
58 H:GLY 51 4.94 4.94 ||l @.08 50 DilYS 52 148.11 @.08 @.08
51 H:MET 52 22.86 3.78 || 2.05 51 D:LEU 53 1.55 a.00 @.00
52 H:SER 53 26.17 21.48 [ @.26 52 D:PRO 54 24.33 @.00 @.08
53 H:SER 54 48.27 @.15 | -a.09 53 D:VAL 55 8.98 a.00 @.00
54 H:ALA 55 79.34 a.00 a.00 54 D:PRO 56 18.55 a.00 @.00
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Inspecting protein interaction interfaces — PDBePISA

PISA Interface List.

Session Map @ ju=720.0c-26M)

° Ca N Vl ew th e | nte ra Ctlo N (St NN [ I S0 Interfaces in PDB 3ogo crystal.

| T ‘ Space symmetry group: P 21 21 2 Resolution: 2.80 A

| Assemblies |

L] L] L]
I nte rfa C e I nte ra Ct I Ve Iy STRUCTURE OF THE GFP:GFP-NANOBODY COMPLEX AT 2.8 ARESOLUTION IN SPACEGROUP P21212

Interfaces @ [ xML | [View | | Details | | Download || Search |

° H 1 # Structure 1. x Structure 2 interface  AG AG Nus Nss Nps  CSS
an view the aetalls or the 10 10, [ (1o s S v D NS RPNSREEONE arso, A* kcalimol P valu
1 1 @ 74 18 6228 ¢ D xyz-1 1.554 83 23 10328 699.1 -1.3 e.493 13 6 ©  @.
o o 73 18 6158 (.‘ A -X-W.-",".Z 2_455 77 22 11865 685.9 -2.9 8.543 a2 8 @ =]
I nte ra Ct I O n 76 19 5154 0 = XYz 1_555 79 21 18358 680.6 =il A @.495 1@ 7 a a.
72 18 6343 (.‘ B XYz 1 555 3@ 22 1e262 677.6 -1.1 8.405 B @ 8.

* Handy list of hydrogen bonds 10258

18385
18306

H 2 26. 1.

18289 H 2 27, 1.

* And list of which residues are o M- ,
buried (hidden from solvent) 10293 a2 = ;-

. . . 10294 H 2 29, 1.

by the interaction interface 10295 2 -

18297 H 3 29 1.

* And can download the PDB 5 : Y
. 18388 H 3 3 1.
file (structure) of the 10301 3 L
1‘5;93 H 3 -_’_-.1 1:

complex 10304 b .
H 4 1.

w
!




Inspecting protein interaction interfaces — PDBePISA

PISA Monomer List.

* The Monomers page also e Monomers in PDB 30go crystal.

Monomers Space symmetry group: P 21 21 2. Resolution: 2.80 A

h a S a h a n d y to O I to h ig h | i g ht |As5%1?}lff‘.TJsiCITURE OF THE GFP:GFP-NANOBODY COMPLEX AT 2.8 ARESOLUTION IN SPACEGROUP P21212
[ ] -
differences between s eSO mononers® O]

Na M Na

° ° A Protein 1853 232 1858 221 11064.7 -216.7
ITTerent co pies o the same
€ Protein 1824 228 1017 215 19357.6 -213.4
. . 4 O D Protein 1818 226 1e@6 213 328.4 -210.2
rotel n I n t h e C r Sta I Average: 1822 227 1828 215 10503.0 -213.5
2 5 O E  Protein 893 115 483 105 £149.8 -95.5
6 F  Protein 83 115 485 104 £154.2 -95.7
7 O G Protein  ge1 116 101 106 €343.2 -%6.5
St r u Ct u re 8 H  Protein 902 116 180 104 6227.9 -96.3
Average: 897 115 187 104 6218.8 -96.0

3 9 (O[PAJA:239 Ligand a 1 a 1 199.5

JIPA]D:239 Ligand 4 1 4 1 198.@

Ligand a 1 4 1 108.7

Average: 4 1 4 1 198.7

‘ View || Details || Download || View Unit Cell || Download Unit Cell

Structure si milarity {click dot o view, double click for details)
Range A B CDEF GHI[PAAZII IPAIDZ39 [IPAF:124

[IPAJA:239
[IPA]D-239
[IPAJF:124
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Inspecting protein interaction interfaces — PDBePISA

PI1S| Superposition of 3ogo: :D and 3ogo D

* The Monomers page also
has a handy tool to highlight
differences between
different copies of the same
protein in the crystal
structure

#B> UNIVERSITY OF



Inspecting protein interaction interfaces — PDBePISA

PIS/ superposition of 3ogo:D and 30go:D
* The Monomers page also e
has a ha n dy tOO| to h igh | ight TUREOFTHEGFPGFPNANOE
d iffe re n Ce S b etwe e n #  Range Clﬂs:

different copies of the same
protein in the crystal
structure

* Also works for cryoEM
structures
* To analyse interfaces
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This talk - Recap

* Representations of proteins

* Mapping properties onto proteins

* Accessing protein structures

* Software for viewing protein structures
* Analysing structural similarity

* Inspecting protein interfaces

Tomorrow: How do we determine protein structures?




	Looking at �Protein Structures
	This talk
	Recap of protein structure
	Interactions between amino acids drive protein folding
	Interactions between amino acids drive protein folding
	Interactions between amino acids drive protein folding
	Amino acid polymers
	Amino acid polymers
	Amino acid polymers
	Amino acid polymers
	Ramachandran plot
	Ramachandran plot
	α-helix
	α-helix
	β-sheet
	Not all amino acids are in helices or sheets
	Not all amino acids are in helices or sheets
	Displaying secondary structure
	Displaying secondary structure
	Displaying secondary structure
	Displaying secondary structure
	Displaying secondary structure
	Surfaces
	Surfaces
	Surfaces
	Surface representations
	Surface representations – Electrostatic potential
	Surface representations – Hydrophobicity
	Surface representations – Hydrophobicity
	Protein Data Bank (PDB)
	Protein Data Bank (PDB)
	Accessing a protein structure
	Accessing a protein structure
	Accessing a protein structure
	Accessing a protein structure
	Accessing a protein structure
	Accessing a protein structure
	Accessing a protein structure
	Accessing a protein structure
	Accessing a protein structure
	Accessing a protein structure
	Accessing a protein structure
	Accessing a protein structure
	Accessing a protein structure
	Accessing protein structural models
	Accessing protein structural models
	Software for viewing protein structures
	Software for viewing protein structures
	Software for viewing protein structures
	Software for viewing protein structures
	Software for viewing protein structures
	Software for viewing protein structures
	Software for viewing protein structures
	Software for viewing protein structures
	Software for viewing protein structures
	Software for viewing protein structures
	Measures of protein structural similarity
	Root mean squared deviation (RMSD)
	How can you find other structures similar to your protein of interest?
	Structure-based searches: DALI
	Structure-based searches: DALI
	Structure-based searches: PDBeFold
	Structure-based searches: PDBeFold
	Sequence/Structure based search: Foldseek
	Sequence/Structure based search: Foldseek
	Analysing protein complexes
	Inspecting protein interaction interfaces
	Inspecting protein interaction interfaces – PDBePISA
	Inspecting protein interaction interfaces – PDBePISA
	Inspecting protein interaction interfaces – PDBePISA
	Inspecting protein interaction interfaces – PDBePISA
	Inspecting protein interaction interfaces – PDBePISA
	Inspecting protein interaction interfaces – PDBePISA
	Inspecting protein interaction interfaces – PDBePISA
	Inspecting protein interaction interfaces – PDBePISA
	Inspecting protein interaction interfaces – PDBePISA
	Inspecting protein interaction interfaces – PDBePISA
	This talk - Recap

