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Voronoi Tessellation

Delaunay simplex is
defined by points,
whose Voronoi 
polyhedra have 
common vertex

Delaunay simplex is
always a triangle in
a 2D space and a 
tetrahedron in a 3D
space

Delaunay Tessellation

Neighbor identification in proteins:
Voronoi/Delaunay Tessellation in 2D

Delaunay tessellation of Crambin Delaunay tessellation of Crambin
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Classification of Delaunay simplices
by sequential proximity
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Types of Delaunay simplices in Crambin
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Tetrahedrality of Delaunay simplices Tetrahedrality distribution of Delaunay simplices
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Correlations between protein structure family 
assignment and relative content of classes of 

Delaunay simplices
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Compositional propensities of Delaunay simplices

qijkl = log
fijkl

pijkl
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f- observed quadruplet frequency,

pijkl = Caiajakal, a - residue frequency
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Delaunay simplices with distinct composition
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1 CCCC 3.081003
2 CCCY 2.13004
3 CCHH 1.960814
4 CCCG 1.782267
5 CCCH 1.742759
6 CCCW 1.724275
7 CCCS 1.724275
8 CCCQ 1.657329
9 CCCF 1.621613
... ... ...

... ... ...
8343 CDDL -0.90166
8344 IRRV -0.90217
8345 AEYY -0.90535
8346 KKRV -0.95081
8347 CKRS -0.96133
8348 CEKP -0.98433
8349 HKKS -0.98472
8350 CGLR -1.14737
8351 ACKN -1.16297

Log-likelihood of amino acid quadruplets 
with different compositions
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(F) Ala, Val, Phe, Ile, Leu, Pro, Met
(L) Asp, Glu, Lys, Arg
(P) Ser, Thr, Tyr, Cys, Asn, Gln, His, Trp

Log-likelihood of amino acid quadruplets 
(reduced alphabet)
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Protein backbone (Cα only)
Delaunay tessellation
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Simplex a : d1=1, d2=1
Simplex b : d1=2, d2=4
Simplex c : d1=2, d2=1
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2D analogy for topological matrices

rmsd
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Topological similarity score 
between structures within FSSP families

Topological similarity score 
between conformations from MD simulation

Acylphosphatase (2acy)
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Secondary structure assignment
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Residue and mutant score
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q2 qres= Σqi

Qmut= Σ(qres – qres)
wt mut

DNA binding residues in HMG1

Residue number
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Coordinate file 1ckt: Ohndorf U-M et al. Nature 399:708
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Protein-protein and protein-DNA interfaces (HMG-D)
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Computational mutagenesis of bacteriophage T4 lysozyme
Reversibility of mutations

R2 = 0.9886
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Reversibility of mutations

Reverse Mutation Potential Difference Score
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Computational mutagenesis of T4 lysozyme
Topology-function correlation



Complete mutagenesis of the HIV-1 protease
Experimental data

Loeb DD et al., Complete mutagenesis of the HIV-1 protease, Nature 340:397

Computational mutagenesis of HIV-1 protease
Topology-function correlation

Experimental activity data from Loeb DD et al. Nature 340:397
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Computational mutagenesis of HIV-1 protease
Topology-function correlation

Experimental activity data from Loeb DD et al. Nature 340:397
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Comprehensive Mutational Profile vs. Potential Profile
of HIV-1 protease  (3phv)

R2 = 0.88
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ROC Curves for HIV-1 Protease Mutants Derived by Applying SVM to the Data Represented as a  2-Class System: 
Active (Positive + Intermediate) and Inactive (Negative)
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Logistic fit and exponent=1
AUC = 0.7862
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DNA binding residues in HIV RT

HIV RT MGBT:   Ile94, Gln258, Gly262, Trp266, Gln269
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Computational mutagenesis of HIV RT

1rtj profile and D185 mutations
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Computational mutagenesis of HIV RT
Topology – function correlations
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Experimental data from Wrobel JA et al. PNAS 95:638
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Computational mutagenesis of HIV RT
Topology – function correlations

Experimental data from Wrobel JA et al. PNAS 95:638

Computational mutagenesis of HIV RT
Topology – Western phenotype correlations
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Computational mutagenesis of HIV RT
Residue classification
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Experimental data from Wrobel JA et al. PNAS 95:638
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