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Protein Structure Hierarchy

primary structure

beta-sheet
alpha-helix

fold
dense packing

Val Asp Gly Gly Ser His Pro . . .

secondary structure

tertiary structure

quaternary structure
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PDB

query protein:1dlr similarity list:1dlr

Protein Retrieval
Idea: Perform a structural similarity search
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QueryProtein Classification
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Structural Fingerprint Methods:

• RMSD: Root Mean Square Error

• CMO: Contact Map Overlap

• DALI: Distance Matrix Alignement

• PRIDE: Priority of Identity
• Gauss Integrals 1.3

2.4
0.03
0.75
1.9

0.1
1.4
0.03
0.8
1.9

How to compare two structures?
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Use Invariant Theory to describe the structure

Compare to State-of-the-Art methods 

Group Integration for Structural Fingerprints

Goal: Construct a scalable method which
provides any wished trade-off between
accuracy and complexity 

Combine with Spherical Harmonics 
and D-Wigner Matrices
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Incorporating PSD into Group Integration (GI)
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G
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We want to find an invariant function I such that:

We use the Haar-Integral to find an invariant 
representation for X

G = Euclidean group

In our application

n´=Rn + t 

kernel function
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Incorporating PSD into Group Integration (GI)

choosing the kernel function

keeping more information
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Incorporating PSD into Group Integration (GI)

computing the gradient for proteins 

computing the group integral 
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( ) ( )i kI I x u x uΠ Π→ + ∇ ⋅ ∇

Group Integration Algorithm

2. for i = 1…n do
for k = 1…n do
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end for
end for

1. Initialize 0IΠ =

{ , , , }α β γΠ = Δ
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Update
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Extending GI with Spherical Harmonics

Definition of spherical harmonics 
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φ - colatitudinal
Ψ - longitudinal

φ

ψ

f is defined 
on a 2-sphere

associated Legendre polynomial
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Spherical Harmonics Algorithm
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2. for i = 1…n do
for k = 1…n do

end for

1. Initialize 0IΠ =

{ , , , }α β γΠ = Δ

Update

Compute

end for
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Results SCOP classes and folds 

Classification into classes is better than classification into folds

Experiments with GI features 
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Results 27folds data set 

Difficult for classification

SH improve the results for 1.5%

D-Wigner are worse than SH

Experiments with GI features 
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Time consumption!

SH ~ 2 min
DALI ~ 1 week
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Group Integrals vs. DALI (Alignment)

DALI is better for 6.3%

Comparison to State-of-the-Art methods 
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Group Integrals vs. PRIDE (Structural Fingerprint)

On the 27folds data set SH are better by 8.1%

Comparison to State-of-the-Art methods 
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Group Integrals vs. Gauss Integrals (Structural Fingerprint)

On the 27folds data set SH are better by 11.2%

Comparison to State-of-the-Art methods 
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Introduced automatic structural 
classification for proteins

Comparison with DALI:  
8% lower accuracy in classification
1000 times faster computation time

Found a good set of features 
for the protein structure

Summary
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Comparison with PRIDE and Gauss:  
10% higher accuracy in classification
same computation time

Appropriate for fast pre-classification
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Supplementary Slides
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Protein Retrieval & Classification by Distance Matrices 

Distance between Cα-atoms (Angstrom A°)
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Example: Distance matrix of
protein with 4 Cα-atoms .

Example: Distance matrix of
1dlr protein with 186 Cα-atoms.

Distance Matrix D_ij
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Computing the Distance
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Princeton Shape Benchamark
Standard for evaluation of retrieval for 3D objects 

5 statistical measures

• Nearest Neighbor the percentage of the closest matches that 
belong to the same class as the query

• First Tier

• Second Tier

the percentage of models in the query’s class 
that appear within the top K matches, where K 
depends on the size of the query’s class.
Specifically, for a class with |C| members,
K = |C| − 1 for the first tier, and K = 2  (|C| − 1)
for the second tier.

• E-Measure
a composite measure of the precision and recall 
for a fixed number of retrieved results

• Discounted 
Cumulative Gain

results near the front of the list weigh more than 
correct results later in the ranked list
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Function

Structure

Cycle of Life

cleft

ligand

Sequence

Evolution
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Extending GI with D-Wigner Matrices

Definition of D-Wigner Matrices: 
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R is a 
Rotation 

Matrix

f is defined 
on SO(3)
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D-Wigner Algorithm

( ) ( ) ( )l l l
i kI I x u x u D RΠ Π→ + ∇ ⋅ ∇ ⋅

2. for i = 1…n do
for k = 1…n do

end for

1. Initialize 0IΠ =

{ , , ', }α β γΠ = Δ

Update

Compute

end for

3. Make invaraint: Take norm of each column of the matrix.

and 1
, , 'R MVα β γ
−=
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Default Parameter Set Overview
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Outlook

Classify structures which were not yet published

Find an algorithm for domain definition
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Improvement of accuracy by moderate increasing 
of computation time:

•Use chemical information (hydrophobicity)
•Use other atoms besides Cα-atoms 
•Include secondary structure information

Application of GI for clustering
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