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A NICE MOVIE BY Giff Ransom Strongly recommended as a recapitulation
https://slideplayer.com/slide/4795252/

https://slideplayer.com/slide/4795252/


OUTLINE LECTURES 15 & 16 
Textbooks
Tutorials
Time scales
How to superpose 2 molecular structures
Structural superposition of proteins
the problem of roto-translation subtraction ( structural
superposition)
in protein MD
RMSD , is a not ideal distance
Quaternions
Superpose + Chimera

3)
use of superpose and other on line resources show with images

Homework (due on thursday nov 19 compute the matrix of structural distances between the 
following set of structures from the PDB taken from the paper Wohlkonig2010
3cqi, 1iee,2dqa,153l, 21zm,, 1am7, 1qgi)
Read the paper and prepare a discussion for the journal club

4) Various vector distance functions
Clustering/Classification



Where to start ?
• GROMACS http://www.gromacs.org

• NAMD VMD https://www.ks.uiuc.edu/Research/namd/

• K. Hinsen MMTK https://github.com/khinsen/MMTK

• . Marchi ORAC  http://www.chim.unifi.it/orac/

• CECAM ICTP SCHOOL https://www.cecam.org/workshop-details/60

MolSim School (http://www.acmm.nl/molsim/molsim2020/ )

http://www.gromacs.org
https://www.ks.uiuc.edu/Research/namd/
https://github.com/khinsen/MMTK
http://www.chim.unifi.it/orac/
https://www.cecam.org/workshop-details/60
http://www.acmm.nl/molsim/molsim2020/


HOMEWORK
Familiarize with the GROMACS Package: tutorial n.1 at
http://www.mdtutorials.com/gmx/index.html

shared tutorial from last year course L15
askme the access to 

tutorial on measuring conformational distances with Chimera

In Chimera https://www.youtube.com/watch?v=oThN3LG8LQU

PBC tutorial (series MOLBIOCHEM at UAM (Madrid))
https://www.youtube.com/watch?v=8iHER6IP6Ds

http://www.mdtutorials.com/gmx/index.html
https://www.youtube.com/watch?v=oThN3LG8LQU
https://www.youtube.com/watch?v=8iHER6IP6Ds


Homeworks…
• GROMACS TUTORIAL LYSOZYME JA Lemkul
http://www.mdtutorials.com/gmx/lysozyme/
• Mutations in the PDB
• How to mutate a PDB file?
• https://spdbv.unil.ch/mutation_guide.html#:~:text=To%20initiate%20a%20mu

tation%2C%20simply,the%20new%20amino%20acid%20type. 
LEXICON: rotamers
https://www.sciencedirect.com/topics/chemistry/rotamer

http://www.mdtutorials.com/gmx/lysozyme/
https://spdbv.unil.ch/mutation_guide.html%23:~:text=To%20initiate%20a%20mutation,%20simply,the%20new%20amino%20acid%20type
https://www.sciencedirect.com/topics/chemistry/rotamer


Multiple alignment 3d Coffee Clustall omega
Pdb
Pdbsum
Superpose

Eliminate ligand.
Further suggestions on the problem
of structural superposition of 
proteins

Adam Zemla’s contribution

https://proteopedia.org/wiki/index.p
hp/Calculating_GDT_TS
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• UCL, Janet Thornton & Christine Orengo 

• Class (C), Architecture(A), Topology(T), Homologous superfamily (H)

Protein Structure Classification

CATH - Protein Structure Classification
[ http://www.biochem.ucl.ac.uk/bsm/cath_new/ ]

SCOP - Structural Classification of Proteins

• MRC Cambridge (UK), Alexey Murzin, Brenner S. E., Hubbard T., Chothia C.

• created by manual inspection 

• comprehensive description of the structural and evolutionary relationships 
[ http://scop.mrc-lmb.cam.ac.uk/scop/ ]
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• Class(C)
derived from secondary structure 
content is assigned automatically

• Architecture(A)
describes the gross orientation of 
secondary structures, independent 
of connectivity.

• Topology(T) 
clusters structures according to 
their topological connections and 
numbers of secondary structures

• Homologous superfamily (H)
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Protein Homology  Modeling Resources

SWISS MODEL: http://www.expasy.org/swissmod/SWISS-
MODEL.html
Deep View - SPDBV:
homepage: http://www.expasy.ch/spdbv

Tutorials http://www.expasy.org/spdbv/text/tutorial.htm

WhatIf http://www.cmbi.kun.nl:1100/
Gert Vriend’s protein structure modeling analysis program WhatIf

Modeller:  http://guitar.rockefeller.edu/modeller
Andrej Sali's homology protein structure modelling by satisfaction of spatial restraints 

ROBETTA: http://robetta.bakerlab.org/
Full-chain Protein Structure Prediction Server
Programs and www servers very useful in Comparative modeling: http://salilab.org/tools/

http://www.expasy.org/swissmod/SWISS-MODEL.html
http://www.expasy.ch/spdbv
http://www.expasy.org/spdbv/text/tutorial.htm
http://guitar.rockefeller.edu/modeller
http://robetta.bakerlab.org/
http://salilab.org/tools/
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Model Evaluation ?
Topics: 

Ø correct fold

Ø model coverage (%)

Ø Ca - deviation (rmsd)

Ø alignment accuracy (%)

Ø side chain placement

Ø Biotech Validation Suite for Protein Structures: http://biotech.ebi.ac.uk:8400

Ø Structure Analysis and Verification Server:         
http://shannon.mbi.ucla.edu/Services/SV
Ø WhatIf:
http://www.cmbi.kun.nl:1100/

http://biotech.ebi.ac.uk:8400/
http://shannon.mbi.ucla.edu/Services/SV
http://www.cmbi.kun.nl:1100/
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EVA 

Evaluation of Automatic protein structure prediction 

[ Burkhard Rost, Andrej Sali, http://maple.bioc.columbia.edu/eva ] 

CASP
Community Wide Experiment on the Critical Assessment 
of Techniques for Protein Structure Prediction
http://PredictionCenter.llnl.gov/casp6

3D - Crunch
Very Large Scale Protein Modelling Project 
http://www.expasy.org/swissmod/SM_LikelyPrecision.html

Model Accuracy Evaluation

http://maple.bioc.columbia.edu/eva
http://predictioncenter.llnl.gov/casp6
http://www.expasy.org/swissmod/SM_LikelyPrecision.html
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Protein Structure Resources
PDB http://www.pdb.org
PDB – Protein Data Bank of experimentally solved structures (RCSB)

CATH http://www.biochem.ucl.ac.uk/bsm/cath
Hierarchical classification of protein domain structures 

SCOP http://scop.mrc-lmb.cam.ac.uk/scop
Alexey Murzin’s Structural Classification of proteins

DALI http://www2.ebi.ac.uk/dali
Lisa Holm and Chris Sander’s protein structure comparison server

SS-Prediction and Fold Recognition 
PHD http://cubic.bioc.columbia.edu/predictprotein
Burkhard Rost’s Secondary Structure and Solvent Accessibility Prediction Server

PSIPRED   http://bioinf.cs.ucl.ac.uk/psipred/
L.J McGuffin, K Bryson & David T. Jones Secndary struture prediction Server

3DPSSM http://www.sbg.bio.ic.ac.uk/~3dpss
Fold Recognition Server using 1D and 3D Sequence Profiles coupled.

THREADER: http://bioinf.cs.ucl.ac.uk/threader/threader.html
David T. Jones threading program

http://www.pdb.org/
http://www.biochem.ucl.ac.uk/bsm/cath
http://scop.mrc-lmb.cam.ac.uk/scop
http://www2.ebi.ac.uk/dali
http://cubic.bioc.columbia.edu/predictprotein
http://bioinf.cs.ucl.ac.uk/psipred/
http://www.sbg.bio.ic.ac.uk/~3dpss
http://bioinf.cs.ucl.ac.uk/threader/threader.html


Protein Structures from an NMR Perspective

Livingstone & Barton, CABIOS, 9, 745-756, 1993 

Venn diagram grouping amino acids according to their properties 



Protein Structures from an NMR Perspective
Name 3-Letter 

Code
Single 
Code

Relative 
Abundance

MW pKa Residue 
Volume (Å3)

Surface Area 
(Å2)

Charged, Polar, 
Hydrophobic

Alanine ALA A 13.0 89 88.6 115 H

Arginine ARG R 5.3 175 ~12 173.4 225 C+

Asparagine ASN N 9.9 132 111.1 150 P

Aspartate ASP D 9.9 132 4.5 114.1 160 C-

Cysteine CYS C 1.8 121 9.1-9.5 108.5 135 P

Glutamate GLU E 10.8 146 4.6 138.4 190 C-

Glutamine GLN Q 10.8 146 143.8 180 P

Glycine GLY G 7.8 75 60.1 75 -

Histidine HIS H 0.7 155 6.2 153.2 195 P, C+

Isoleucine ILE I 4.4 131 166.7 175 H

Leucine LEU L 7.8 131 166.7 170 H

Lysine LYS K 7.0 147 10.4 168.6 200 C+

Methionine MET M 3.8 149 162.9 185 H

Phenylalanine PHE F 3.3 165 189.9 210 H

Proline PRO P 4.6 115 112.7 145 H

Serine SER S 6.0 105 89.0 115 P

Threonine THR T 4.6 119 116.1 140 P

Tryptophan TRP W 1.0 204 227.8 255 P

Tyrosine TYR Y 2.2 181 9.7 193.6 230 P

Valine VAL V 6.0 117 140.0 155 H



Some General Rules Regarding the Distribution of Amino Acids in Proteins:
• Charged residues are hardly ever buried.

► if buried generally involved in “salt-bridge”
• Polar residues are usually found on the surface of the protein, 
but can be buried.

► if buried generally involved in hydrogen bond
• The inside, or core of a protein contains mostly non-polar 
residues. 
• Non-polar residues are also found on the outside of proteins.

Protein Structures from an NMR Perspective
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Supplementary Material: http://www.fli-leibniz.de/www_bioc/3D/

3D Structures of Biological Macromolecules
Exercise 1: Structural Comparison of Proteins

Leibniz Institute for Age Research, Fritz Lipmann Institute,
Jena Centre for Bioinformatics

Jena / Germany





HOMEWORK
Use Superpose to determine the distance matrix
beteween representative structures of the lysozyme
superfamily. Use the following PDB Ids:

Next monday we shall organize a journal club to discuss the papers by 
Volkand by Bae2004





Quantitative Structural Comparison of Protein Structures 

• The RMSD is a measure to quantify structural similarity
• Requires 2 superimposed structures (designated here as “a” & 

“b”)
• N = number of atoms being compared

RMSD =    S (xai - xbi)2+(yai - ybi)2+(zai - zbi)2

N

Root Mean Square Deviation



Comparing Protein Structures 

Two steps:

1. Identification of a set of related atom pairs
2. Superposition with minimum RMSD value



Comparing Protein Structures 



Comparing Protein Structures 



Comparing Protein Structures 

http://www.ruppweb.org/xray/comp/suptext.htm



Quaternions



Quaternions



Comparing Protein Structures 



Comparing Protein Structures 



Comparing Protein Structures 

http://wishart.biology.ualberta.ca/SuperPose/



Comparing Protein Structures 

http://www.ebi.ac.uk/DaliLite/



Comparing Protein Structures 

http://cl.sdsc.edu/



Comparing Protein Structures – SuperPose Server 

http://wishart.biology.ualberta.ca/SuperPose/

Beginning with an input PDB file or set of files, SuperPose first extracts the sequences of all chains in the file(s). 
Each sequence pair is then aligned using a Needleman–Wunsch pairwise alignment algorithm.
If the pairwise sequence identity falls below the default threshold (25%), SuperPose determines the 
secondary structure using VADAR (volume, area, dihedral angle reporter) and performs a secondary structure 
alignment using a modified Needleman–Wunsch algorithm. 

After the sequence or secondary structure alignment is complete, SuperPose then generates a 
difference distance (DD) matrix between aligned alpha carbon atoms. A difference distance matrix can be 
generated by first calculating the distances between all pairs of C atoms in one molecule to generate an initial 
distance matrix. A second pairwise distance matrix is generated for the second molecule and, 
for equivalent/aligned Calpha atoms, the two matrices are subtracted from one another, 
yielding the DD matrix. From the DD matrix it is possible to quantitatively assess the structural 
similarity/dissimilarity between two structures. In fact, the difference distance method is particularly good
at detecting domain or hinge motions in proteins. SuperPose analyzes the DD matrices and 
identifies the largest contiguous domain between the two molecules that exhibits <2.0 Å difference. 

From the information derived from the sequence alignment and DD comparison, the program then makes a 
decision regarding which regions should be superimposed and which atoms should be counted in calculating 
the RMSD. This information is then fed into the quaternion superposition algorithm and the RMSD calculation 
subroutine. The quaternion superposition program is written in C and is based on both Kearsley's method
and the PDBSUP Fortran program developed by Rupp and Parkin. Quaternions were developed by 
W. Hamilton (the mathematician/physicist) in 1843 as a convenient way to parameterize rotations in a simple
algebraic fashion. Because algebraic expressions are more rapidly calculable than trigonometric expressions 
using computers, the quaternion approach is exceedingly fast.

SuperPose can calculate both pairwise and multiple structure superpositions [using standard hierarchical methods
and can generate a variety of RMSD values for alpha carbons, backbone atoms, heavy atoms and all atoms 
(average and pairwise). When identical sequences are compared, SuperPose also generates ‘per residue’
RMSD tables and plots to allow users to identify, assess and view individual residue displacements.



SuperPose Server: Examples 

http://wishart.biology.ualberta.ca/SuperPose/

Identical/same sequence but different structure
Calmodulin: 1A29 vs. 1CLL 

(open and closed form)

Similar structure but slightly different sequence length
Thioredoxin: 3TRX vs. 2TRX_a

Similar structure but extremely different sequence
Thioredoxin/Glutaredoxin: 3TRX vs. 3GRX_1



Calmodulin 



Thioredoxin 



Glutaredoxin 

InterPro





From a distance matrix we can infer/predict
A topology in the space of protein structures…

THAT’S ALL FOLKS!


