
Databases
Alignment & structure 
classification 
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GOALS

1. Known structures
2. Structure comparison
3. Structure classification
4. Number of folds in nature
5. Sequences VS fold structures
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1. Known structures
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PDB

Yearly and total PDB structures per 
year
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PDB search
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PDB search
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Advanced search
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PDB comparison tool
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PDB format
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http://www.wwpdb.org/documentation/format33/v3.3.html
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Assymetric Unit VS Biological 
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Assymetric Unit VS Biological 
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2. Structure comparison
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Structure-Structure alignments

General steps in a bioinformatics procedure:

Representation
Scoring

Optimizer
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Representation

Structures

All atoms and coordinates

Secondary Structure Accessible surface (and others)

v1v2v3

Vector representation

Ωi

di

Dihedral space or distance space

Cα

Reduced atom representation
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Scoring

Raw scores

Secondary Structure (H,B,C) Accessible surface (B,A [%])

Ωi

di

         Angles or distances

Aminoacid substitutions Root Mean Square Deviation
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Scoring 
Significance of an alignment (score)

Probability that the optimal alignment of two random 
sequences/structures of the same length and composition as the 
aligned sequences/structures have at least as good a score as the 
evaluated alignment.

Sometimes 
approximated
by Z-score (normal
distribution).

Empirical

Analytic

Karlin and Altschul, 1990 PNAS 87, pp2264
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Optimizer

Global dynamic programming alignment

N

MSq/St 2
Sq/St 1 1

1

i

j

* * * * *
* * * * *
* * *   

     

    *

1     2    3   …      N

1     2    3   …
   M

Best alignment score

Backtracking to get the best alignment

Needleman and Wunsch (1970) J. Mol Biol, 3 pp443
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* * * * *
* * * * *
* * * * *
* * * * *
* * * * *

1     2    3   …    N

1     2    3   …
   M

Best local alignment

Best score

Optimizer

Local dynamic programming alignment

Backtracking to get the best alignment
Smith and Waterman (1981) J. Mol Biol, 147 pp195

N

MSq/St 2
Sq/St 1 1

1

i

j
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Optimizer 

Global .vs. local alignment

Global alignment

Local alignment
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Optimizer 

Multiple alignment
Pairwise alignments

Example – 4 sequences A, B, C, D.

6 pairwise comparisons
then cluster analysis

 - similarity +

A
B
C
D

B
D
A
C

Multiple alignments
Following the tree from step 1

Align the most similar pairB
D

A
C

Align next most similar pair

B 
D
A
C

New gap in A-C to optimize
its alignment with B-D

Align B-D with A-C

Wednesday, March 13, 13
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Coverage .vs. Accuracy

Same RMSD ~ 2.5Å

Coverage ~90% Cα Coverage ~75% Cα
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Ωi

di

Ri,j D,i(3),j(3) Bi,jSi,j Ii,j

Structural alignment by properties conservation 
(SALIGN-MODELLER)

  Uses all available structural information
  Provides the optimal alignment

 Computationally expensive

M. S. Madhusudhan, B. M. Webb, M. A. Marti-Renom, N. Eswar, A. Sali, Protein Eng Des Sel,  (Jul 8, 2009).

Wednesday, March 13, 13



23

Structural alignment by properties conservation 
(SALIGN-MODELLER)
http://salilab.org/salign
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Vector Alignment Search Tool (VAST)

v1v2v3

  Good scoring system with significance

 Reduces the protein representation

Graph theory search
of similar SSE
Refining by Monte Carlo
at all atom resolution 

Cα

Cα

Gibrat JF et al. (1996) Curr Opin Struct Biol 3 pp377
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Vector Alignment Search Tool (VAST)
http://www.ncbi.nlm.nih.gov/Structure/VAST/vast.shtml

Wednesday, March 13, 13

http://www.ncbi.nlm.nih.gov/Structure/VAST/vast.shtml
http://www.ncbi.nlm.nih.gov/Structure/VAST/vast.shtml


26

Incremental combinatorial extension (CE)

Cα

Exhaustive combination
     of fragments

Longest combination of
    AFPs

Heuristic similar to 
    PSI-BLAST

di

8 residues peptides

  FAST!
  Good quality of local alignments

 Complicated scoring and heuristics

Shindyalov IN, amd Bourne PE. (1998) Protein Eng. 9 pp739
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http://source.rcsb.org/jfatcatserver/ceHome.jsp

Incremental combinatorial extension (CE)
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Matching molecular models obtained 
from theory (MAMMOTH)

v1v2v3

  VERY FAST!
  Good scoring system with significance

 Reduces the protein representation

Ortiz AR, (2002) Protein Sci. 11 pp2606 
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Matching molecular models obtained 
from theory (MAMMOTH)

http://ub.cbm.uam.es/software/online/mammoth.php
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3. Structure classification
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Classification of the structural space
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SCOP1.75 database
http://scop.berkeley.edu/

Murzin A. G.,el at. (1995). J. Mol. Biol. 247, 536-540.

  Largely recognized as “standard of gold”
  Manually classification
  Clear classification of structures in:
CLASS 
FOLD
SUPER-FAMILY
FAMILY
  Some large number of tools already available

 Manually classification
 Not 100% up-to-date
 Domain boundaries definition

Class Number 
of folds

Number of 
superfamilies

Number of 
families

All alpha proteins 284 507 928

All beta proteins 174 354 815

Alpha and beta proteins (a/b) 147 244 902

Alpha and beta proteins (a+b) 376 552 1170

Multi-domain proteins 66 66 100

Membrane and cell surface 
proteins

57 109 127

Small proteins 90 129 230

Total 1194 1961 4272
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a: All alpha proteins -> a.3: Cytochrome c -> a.3.1: Cytochrome c  ->
 (class)                         (fold)                          (superfamily)
a.3.1.4: Two-domain cytochrome c
(family)
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CATH3.5 database
http://www.cathdb.info

Orengo, C.A., et al. (1997)  Structure. 5. 1093-1108.

  Recognized as “standard of gold”
  Semi-automatic classification
  Clear classification of structures in:
CLASS 
ARCHITECTURE
TOPOLOGY
HOMOLOGOUS SUPERFAMILIES
  Some large number of tools already available
  Easy to navigate

 Semi-automatic classification
 Domain boundaries definition

Uses FSSP for superimposition

173,536 CATH Domains
2,626 CATH Superfamilies

51,334 PDBs
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Browse - tree
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Browse - sunburst
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Classification of the structural space
Not an easy task!

Day, et al. (2003) Protein Sciences, 12 pp2150

Domain definition AND domain classification

SCOP CATH DALI

S
am

e D
om

ain
S

am
e C

lass
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4. Number of folds in nature
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5. Sequences VS fold structures
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Why is it useful to know the structure of a protein, 
not only its sequence?

The biochemical function (activity) of a protein is defined by its interactions with other 
molecules. 

The biological function is in large part a consequence of these interactions.

The 3D structure is more informative than sequence because interactions are determined 
by residues that are close in space but are frequently distant in sequence.

In addition, since evolution tends to conserve 
function and function depends more directly on 
structure than on sequence, structure is more 

conserved in evolution than sequence.

The net result is that patterns in space are 
frequently more recognizable than patterns 

in sequence.
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