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Lecture overviewLecture overview

�� Theory: Protein domains and the Theory: Protein domains and the ““similarity spacesimilarity space””

�� SBASE dbase/search tool: domain sequence SBASE dbase/search tool: domain sequence 

identification identification 

�� PRIDE : identification of folds in 3D structuresPRIDE : identification of folds in 3D structures

�� CX, DPX: visualizing protein surface and interiorCX, DPX: visualizing protein surface and interior

�� Theory: DNA structure, curvature/Theory: DNA structure, curvature/bendabilitybendability plotsplots

�� DNA sequence plots DNA sequence plots 

�� ExcercisesExcercises



ModelsModels

A structural modelA structural model

Structure

Substructures Relationships

Entity-relationship model

Pongor, Nature, 1987
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Protein domainProtein domain

�� Domains are the Domains are the structural and functional building blocksstructural and functional building blocks of proteins (Pfam of proteins (Pfam 

definition)definition)

�� Each organized into a characteristic three dimensional (3D) struEach organized into a characteristic three dimensional (3D) structure or cture or 

fold typefold type

CUB domain

Acidic seminal fluid protein Major seminal plasma glycoprotein PSP-I/II

Inventory - Concepts > Domain

3D



Protein domainProtein domain

�� More commonly domains correspond to a region of More commonly domains correspond to a region of sequence homologysequence homology

identified in otherwise apparently unrelated proteins (PROSITE didentified in otherwise apparently unrelated proteins (PROSITE definition)efinition)

Pfam seed alignment for the CUB domain

Inventory - Concepts > Domain

Domain/domain example

Mol. Biol, 1-D



Protein domainsProtein domains Network, systems 

biology

Autonomous units of 

evolution, domain shuffling

No of family 

members

No of families

Frequent domains are 

evolutionary success stories

PRESENT IN MORE THEN ONE 

FAMILY…



SBASESBASE

Identification of protein domains in sequences via Identification of protein domains in sequences via 

similarity analysissimilarity analysis

1-D



The database as network of similarities:

A memory network model

The database as network of similarities:

A memory network model 1-D



Das Wohltemperierte Database: 

Similarity network as knowledge representation

Das Wohltemperierte Database: 

Similarity network as knowledge representation

Knowledge-base of meaningful similarities 

Signal and noise distinguished

self

non-self

1-D



Representation of sequence group
(exemplars and a network of similarities)

Representation of sequence group
(exemplars and a network of similarities)

NSD, number of self-similarities
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Prediction based on the similarity network approachPrediction based on the similarity network approach

Comparison of similarity links with the known 

clusters of similarity (self vs. non-self)

Protein 

sequence query



Similarities recognized by machine learning 

techniques 

Similarities recognized by machine learning 

techniques 

�� Machine learning: techniques for automated classification based Machine learning: techniques for automated classification based on exampleson examples

�� Best known: Neural networks, Support Vector MachinesBest known: Neural networks, Support Vector Machines

�� Overlapping positive/negative example regionsOverlapping positive/negative example regions problem persists, and must be problem persists, and must be 

resolved in the future!resolved in the future!

Number of similar examples (NSD) (above 40)
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Domain prediction @SBASEDomain prediction @SBASE



Domain prediction @SBASEDomain prediction @SBASE



Function prediction @SBASEFunction prediction @SBASE



PRIDEPRIDE

Identification of folds (domain type) by 3Identification of folds (domain type) by 3--D D 

similarity searchingsimilarity searching

3-D



Substructure identity ~ similaritySubstructure identity ~ similarity

 

”The similarity of objects can be best described as

partial identities of components and relationships
Erich Goldmeier, The similarity of perceived forms, 1936



3-D comparison3-D comparison

2. Calculate similarity score (fast)

1. Find region of alignment (slow)

3-D



Fold similarity from simplified representations

The secondary structure element approach

1. Find the SSE’s

(subjective)

2. Align them (fast)

3. Compute “score”

(topology, orientation 

etc.) (fast)

3-D



Fold similarity from Cαααα distance distribution (PRIDE)

2. Calculate Cαααα -Cαααα distributions

i-(i+6) i-(i+10)

i-(i+6) i-(i+10)

1. Take Cαααα -Cαααα distances (fast)

3. Calculate Probability of Identity

NO 

ALIGNMENT

Oliviero Carugo, 2001

3-D



Fold classification based on PRIDEFold classification based on PRIDE

PRIDE
CATH category

self

(within group)

non-self

(outside the group)

Nearest

neighbour

within the

same group

I Identical representatives 0.97 ± 0.06 (72,517) 0.17 ± 0.15 (106,909,361) 69.3 %

N Nearly-identical representatives 0.93 ± 0.12 (75,429) 0.17 ± 0.15 (106,833,932) 87.3 %

S Sequence family 0.56 ± 0.22 (800,060) 0.17 ± 0.15 (106,033,872) 98.5 %

H Homologous superfamily 0.44 ± 0.19 (1,071,841) 0.16 ± 0.15 (104,962,031 ) 98.8 %

T Topology 0.35 ± 0.17 (2,568,350) 0.16 ± 0.15 (102,393,681 ) 99.0 %

A Architecture 0.26 ± 0.19 (9,028,969) 0.15 ± 0.15 (  93,364,712 ) 98.9 %

C Class (α, β, α/β or few sec. str.) 0.26 ± 0.20 (24,547,471) 0.11 ± 0.12 (  68,817,241 ) 99.5 %

Up to 1000 comparisons per second



CX, DPX – protein 3-D visualizationCX, DPX – protein 3-D visualization

�� Protein structures are complicated.Protein structures are complicated.

�� Molecular graphics programs such as Molecular graphics programs such as RasmolRasmol or Swiss PDB or Swiss PDB 
viewer can color the structures according to various properties.viewer can color the structures according to various properties.

�� How can we visualize new properties? We can preHow can we visualize new properties? We can pre--compute a compute a 
property, write it back into an input file and use property, write it back into an input file and use RasmolRasmol or Swiss or Swiss 
PDB viewer PDB viewer 

�� CX and DPX calculate geometric properties for visualization.CX and DPX calculate geometric properties for visualization.



CX – identifying protruding atoms in proteinsCX – identifying protruding atoms in proteins

�� An atom is An atom is ““protrudingprotruding”” if it has very few neighbors in its vicinity. if it has very few neighbors in its vicinity. 

This can be calculated, and the result is put back into a PDB fiThis can be calculated, and the result is put back into a PDB file le 

(in place of the so(in place of the so--called Temperature factor data) called Temperature factor data) 



Protruding atoms in 1mup (pheromon binding 

protein)

Protruding atoms in 1mup (pheromon binding 

protein)

�� 1mup.pdb submitted to the CX server. File visualized with 1mup.pdb submitted to the CX server. File visualized with 

RasmolRasmol, Colored by , Colored by ““TemperatureTemperature”” and Backbone displayedand Backbone displayed



DPX visualization of atom depthDPX visualization of atom depth

�� Atom depth is the distance from the nearest surface atom. This Atom depth is the distance from the nearest surface atom. This 
is calculated and filled into the Temperature factor field of this calculated and filled into the Temperature factor field of the e 
PDB filePDB file



Atom depth in 1itf  (interferone)Atom depth in 1itf  (interferone)

�� 1itf.pdb submitted to the DPX server. File visualized with 1itf.pdb submitted to the DPX server. File visualized with 

RasmolRasmol, Colored by , Colored by ““TemperatureTemperature”” and and WireframeWireframe displayeddisplayed



Prediction of structural DNA features from 

sequence

Prediction of structural DNA features from 

sequence

Visualization of DNA propertiesVisualization of DNA properties



DNA structure polymorphismDNA structure polymorphism

AAAAAAAA BBBBBBBB ZZZZZZZZ



Basepair geometry parametersBasepair geometry parameters

�� TranslationalTranslational

ShiftShift SlideSlide RiseRise



Basepair geometry parametersBasepair geometry parameters

�� RotationalRotational

RollRoll TwistTwist TiltTilt



DNA is CurvedDNA is Curved

Wu & Crothers, Nature (1984)



Crystallographic exampleCrystallographic example

�� NucleosomeNucleosome



Curvature and BendabilityCurvature and Bendability

�� Transcription signalTranscription signal

�� Replication signalReplication signal

�� Chromatin condensationChromatin condensation

�� ??



Curvature modelsCurvature models

�� Junctions between different DNA forms (AJunctions between different DNA forms (A-- & B& B--))



Curvature modelsCurvature models

�� Junction Junction 

phasingphasing



Curvature modelsCurvature models

�� ‘‘WedgeWedge’’ modelmodel



Curvature modelsCurvature models

�� ‘‘WedgeWedge’’ modelmodel



‘Measuring’ DNA curvature‘Measuring’ DNA curvature

�� Curvature of an elastic rodCurvature of an elastic rod



�� How many motifs?How many motifs?

�� Data sufficient for:               Data sufficient for:               

ssss dsds

DinucleotideDinucleotide 1616 1010

TrinucleotideTrinucleotide 6464 3232

TetranucleotideTetranucleotide 256 256 136136

Dinucleotide Dinucleotide TrinucleotideTrinucleotide

modelsmodels modelsmodels

XX--rayray ++

NMRNMR ++

Gel electrophoresisGel electrophoresis + + 

Nucleosome positioningNucleosome positioning ++

DNaseI digestionDNaseI digestion ++ ++

Curvature prediction Curvature prediction 



DNA bendabilityDNA bendability

�� DNaseDNase I (E.C. 3.1.21.1)I (E.C. 3.1.21.1)

• sequence independent

• bends DNA

• digestion frequency 

proportional to bendability



AAA/TTT 0.1 CAG/CTG 9.6

AAC/GTT 1.6 CCA/TGG 0.7

AAG/CTT 4.2 CCC/GGG 5.7

AAT/ATT 0.0 CCG/CGG 3.0

ACA/TGT 5.8 CGA/TCG 5.8

ACC/GGT 5.2 CGC/GCG 4.3

ACG/CGT 5.2 CTA/TAG 7.8

ACT/AGT 2.0 CTC/GAG 6.6

AGA/TCT 6.5 GAA/TTC 5.1

AGC/GCT 6.3 GAC/GTC 5.6

AGG/CCT 4.7 GCA/TGC 7.5

ATA/TAT 9.7 GCC/GGC 8.2

ATC/GAT 3.6 GGA/TCC 6.2

ATG/CAT 8.7 GTA/TAC 6.4

CAA/TTG 6.2 TAA/TTA 7.3

CAC/GTG 6.8 TCA/TGA 10.0

Trinucleotide bendability (a.u.)

A A T A T A G G G C C

Bendability plotBendability plot



B =   ΣΣΣΣ b
n

1

n

Genomic DNA: 

average ~ 5.0

s.d. ~ 0.5 

B=7.3B=7.3

Bendability symmetrical in most DNA segmentsBendability symmetrical in most DNA segments

B=0.0B=0.0



AssymetryAssymetry is a measure is a measure 

of predicted curvatureof predicted curvature
H=24.3H=24.3

Bendability assymetrical in curved segmentsBendability assymetrical in curved segments

H =   ΣΣΣΣ b
n

1

n

Genomic DNA: 

average ~ 5.0

s.d. ~ 2-3 



Prediction qualityPrediction quality

Sequence motif PAGE X-rays NMR Nucleos. DnaseI 

Curved DNA (deg./h.t.) 

(aaaattttgc)n  26.2 6.9 18.3 13.7 17.4 

(aaaattttcg)n  21.0 3.8 3.8 17.7 17.2 

(tctcaaaaaacgcgaaaaaaccggaaaaaagc)n  27.1 8.2 16.7 17.1 15.9 

(ccgaaaaagg)n  14.7 6.8 13.1 23.3 20.2 

(tctctaaaaaatatataaaaa)n  27.8 3.0 7.5 10.9 18.5 

(ggcaaaaaac)n   26.8 12.0 20.1 20.4 19.5 

ccaaaaatgtcaaaaaataggcaaaaaatgcc  26.0 6.4 15.7 19.6 20.5 

Straight DNA (deg./h.t.) 

(atctaatctaacacaacaca)n  0.8 0.5 2.7 1.2 0.8 

actacgttaaatctatcaccgcaagggataaa  10.4 5.5 4.9 5.9 7.8 

actacgttaaatctatcaccacaagggataaa  11.0 5.5 3.4 6.2 8.1 

 (a)n - poly-A 0.0 0.0 0.0 0.0 0.0 

(ttttaaaacg)n  1.5 7.1 14.5 10.7 4.2 

(ttttaaaagc)n  1.7 0.8 16.0 16.3 9.6 

(aaaaactctctaaaaactctcgggccctagaggggccc)n  27.1 3.1 5.9 7.5 8.3 

 



Prediction

methods

ATGACGTAATAATGC...ATGACGTAATAATGC...

AAA 0.1AAA 0.1

AAC 1.6AAC 1.6

......

(SEQUENCE)

(PARAMETER SET)

Parametric representationParametric representation



DNAtools - http://www.icgeb.trieste.it/dnaDNAtools - http://www.icgeb.trieste.it/dna



plot.it – General parametersplot.it – General parameters

1 1 -- G+C contentG+C content

2 2 -- bendability (bendability (BruknerBrukner et al.)et al.)

3 3 -- bendability (bendability (SaraiSarai et al.)et al.)

4 4 -- trinuctrinuc. roll from nucleosome (. roll from nucleosome (SatchwellSatchwell et al.)et al.)

5 5 -- consensus (consensus (BruknerBrukner and and SatchwellSatchwell) bendability) bendability

6 6 -- WatsonWatson--Crick interaction energy (LewisCrick interaction energy (Lewis--SankeySankey))

7 7 -- ∆∆G of B G of B �� A form transition (Aida et al.)A form transition (Aida et al.)

8 8 -- ∆∆G of B G of B �� Z form transition (Hartman et al.)Z form transition (Hartman et al.)

9 9 -- B B --> A form transition propensity (> A form transition propensity (IvanovIvanov et al.)et al.)

10 10 -- ∆∆H of B H of B �� coil transition (coil transition (SantaLuciaSantaLucia et al.)et al.)

11 11 -- ∆∆G of B G of B �� coil transition (coil transition (SantaLuciaSantaLucia et al.)et al.)

12 12 -- ∆∆S of B S of B �� coil transition (coil transition (SantaLuciaSantaLucia et al.)et al.)

13 13 -- ∆∆H of B H of B �� coil transition (Sugimoto et al.)coil transition (Sugimoto et al.)

14 14 -- ∆∆G of B G of B �� coil transition (Sugimoto et al.)coil transition (Sugimoto et al.)

15 15 -- ∆∆S of B S of B �� coil transition (Sugimoto et al.)coil transition (Sugimoto et al.)

16 16 -- ∆∆H of B H of B �� coil transition (coil transition (BreslauerBreslauer et al.)et al.)

17 17 -- ∆∆G of B G of B �� coil transition (coil transition (BreslauerBreslauer et al.)et al.)

18 18 -- ∆∆S of B S of B �� coil transition (coil transition (BreslauerBreslauer et al.)et al.)

19 19 -- roll (roll (BansalBansal et al.)et al.)

20 20 -- roll (roll (BolshoyBolshoy et al.)et al.)

21 21 -- roll (roll (DeSantisDeSantis et al.)et al.)

22 22 -- roll (roll (GorinGorin et al.)et al.)

23 23 -- roll (roll (UljanovUljanov and James)and James)

24 24 -- tilt (tilt (BansalBansal et al.)et al.)

25 25 -- tilt (tilt (BolshoyBolshoy et al.)et al.)

26 26 -- tilt (tilt (DeSantisDeSantis et al.)et al.)

27 27 -- tilt (tilt (GorinGorin et al.)et al.)

28 28 -- tilt (tilt (UljanovUljanov and James)and James)

29 29 -- twist (twist (BansalBansal et al.)et al.)

30 30 -- twist (twist (BolshoyBolshoy et al.)et al.)

31 31 -- twist (twist (DeSantisDeSantis et al.)et al.)

32 32 -- twist (twist (GorinGorin et al.)et al.)

33 33 -- ComplexityComplexity



bend.it – Curvature & bendabilitybend.it – Curvature & bendability



bend.it - 1D parametric plotbend.it - 1D parametric plot



bend.it - 2D parametric plotbend.it - 2D parametric plot



Histogram (3D) plot for long DNA Histogram (3D) plot for long DNA 



bend.it –Curvature modelsbend.it –Curvature models

�� Dinucleotide modelsDinucleotide models

•• XX--ray (Olson et al)ray (Olson et al)

•• NMR (NMR (UlyanovUlyanov and James)and James)

•• Electrophoresis (Electrophoresis (BolshoyBolshoy))

�� Trinucleotide modelsTrinucleotide models

•• DNaseDNase I (I (BruknerBrukner et al)et al)

•• Nucleosome (Travers et al)Nucleosome (Travers et al)



Bendability distributionsBendability distributions

�� M. tuberculosisM. tuberculosis �� P. P. falciparumfalciparum chrchr IIII
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Curvature distributionsCurvature distributions

�� Aeropyrum pernixAeropyrum pernix �� C. C. eleganselegans chromosome Ichromosome I
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Coding vs. non-coding regionsCoding vs. non-coding regions

�� Human THuman T--cell receptor locuscell receptor locus
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Non-Coding regions

Coding vs. non-coding regionsCoding vs. non-coding regions

�� H. H. influenzaeinfluenzae



Coding vs. non-coding regionsCoding vs. non-coding regions

�� H. H. influenzaeinfluenzae
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Positional preference for curvaturePositional preference for curvature

�� Yeast chromosome IYeast chromosome I
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model.it – molecular modellingmodel.it – molecular modelling



model.it - Methodsmodel.it - Methods

�� AA--DNADNA

�� BB--DNADNA

�� Curved DNACurved DNA

•• Dinucleotide parametersDinucleotide parameters

•• XX--ray, NMR, Electrophoresisray, NMR, Electrophoresis

•• Trinucleotide parametersTrinucleotide parameters

•• DNaseDNase I, NucleosomeI, Nucleosome



Molecular modelingMolecular modeling

�� ZeaZea maysmays promoter regionspromoter regions



Molecular modelingMolecular modeling

�� ZeaZea maysmays promoter regionspromoter regions

11

1010

33



Future directionsFuture directions

�� Experimentally determine biological importance of DNA Experimentally determine biological importance of DNA 

curvaturecurvature

�� Improve prediction accuracy Improve prediction accuracy 

�� Extract maximum possible information from genomesExtract maximum possible information from genomes
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�� CX, DPX: Alessandro Pintar, Oliviero CarugCX, DPX: Alessandro Pintar, Oliviero Carugoo
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