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Protein Structure

‘ Biological macromolecules
- complex structural organization
- balance of energetic factors

‘ Homology among different organisms
- different sequence, same structure
- amino acid substitution, different structure

‘ Structure-function relationships
- some of them stronger than others

‘ Examining protein structure
- analyzing conformational features 2CBR, A Chain, LCN, Bos taurus
(obtained with PyMol)
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CATH Search CATH by keywords or ID

Getting Data CATH / Gene3D

26 million protein domains classified into 2,738 superfamilies

RCSB PDB  Deposit ~ Search~ Visualize ~ Analyze ~ Download ~ Learn ~ More ~

‘ Protein families with different

architectural classification DY IR e
4,_) |—\ J Searc by PDB ID, author acromolecule, sequence, or ligands H

- - 112722 Biological - &
What IS CATH? _') Macromolecular Structures
Beta'lactalllase (BLA) PROTEIN DATA BANK Advanced Search | Browse by Annotations | Search History (1) | Previous Results (1)
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« Search CATH by protein sequ |
o, CELLULAR RETINOIC ACID BINDING PROTEIN | [N COMPLEX WITH A B Orplay s -
Glycosyltransferase (GTT) + Somen tarmoy s suer | RETINOBENZOIC ACID (AMEO) 2CBR .00
Hemoglobin (HGB) ‘

Lipocalin 2 (LCN)

Examp|e pages DOI:10.2210/pdb2cbr/pdb

« PDB "2bop’

« Domain "1cukAD1" Structures of cellular retinoic acid binding proteins | and Il in complex with synthetic retinoids. [+
. Lysozyme (LYS) Looman e
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. « Superfamily " 5" TA
. P. Cell Nuclear Antigen (PCNA)
Journal: (1599) Acta Crystallogr.,Sect.D §5: 1850-1857
. R NHCIGOSIde Phosphorylase (PNP) Citing CATH PubMed: 10531482 &7
. search Related Articles in Publied ol
O S . d D . S OD I you find this resource useful, ple
. duperoxide Dismutase , PubMed Abstract:
CATH: comprehensive structur:
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Nucieic Acids Res. 2015 Jan doi 10.1083/ne synthetic retinoids are used as drugs in dermatology and oncology. A large amount of data has been accumulated on the cellular e
153 C ll . activity of... [ Read More & Search PubMed Abstracts ]
rystallograp hic structures & 50 view ssmolor PV More mages
1 Molecular Description Hide
Classification: Transport Protein Stoichiometry: Monomer
Structure Weight: 15831.94 i) Biological assembly 1 assigned by authors
Molecule: PROTEIN (CRABP-1) Downloadable viewers:
2 40 1 28 b l Polymer: 1 Type: protein Length: 136 Simple Viewer Protein Workshop
[} [} OX - arre Chains: A Kiosk Viewer
Organism: Bos taurus
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Cleaning Data

1. Vadar
‘ Similar number of structures, 13-19 for each family 2. McVol
- only wild-type, one for organism 3. R-seript

- less than 50 residues about length

‘ Only one chain in homo-multimeric proteins

- chain A where available (chain E in IM73 and chain X for 3CH2)

‘ Structural-geometrical properties
- secondary structure, hydrogen bonds, accessible surface areas, torsion angles,

packing defects, charged residues, free energy of folding, volume, salt bridges

‘ Percentage features and standard score form
- better stability in evaluations
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EDA: Kernel Density Distribution
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‘ Non-parametric estimation of p.d.f.
- based on a finite data sample

0.10
1
0.10

‘ Overcoming the histogram graph
- a more effective way to show
the distribution of a variable

‘ How variables are distributed - L l'.] 5‘ ' -
- for each protein family X ,

Density funchon
Density funclion
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_— 1 X — Xj o

frn(x) = EZ K (Tl) with h = 1. 06% (if Kis a Gaussian distribution for univariate data)
l:
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‘ Pearson’s correlation coefficient |:> o Oxy

- graphical correlation matrix Y o.0 y
‘ Partial correlation coefficient :> Py = Pyz — PyxPzx

. . . yZox —
- able to avoid the collinearit 2 A 32
Y 1- Pyx 1—pzx
‘ Dissimilarity measurement
) . :> dxy =1- |pxy|

- Pearson’s distance
‘ T-Student test for significance :> ,

- confidence level of 0.95 — P
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a11X1 + a12X2 + -+ alCXC
a21X1 + a22X2 + -+ aZCXC

Multivariate & unsupervised statistical method (PC4
PC,

- compressed data, new relationships )

\PCl = alle + a12X2 + -+ alCXC

- semi-heuristic decision on variables number

‘ Summarizing initial variables into new ones

( 7 c 2 .
Clusterization and outlier detection n}lax < ;Z z aqjXij | ¢ with z a% i =
m . m .
- interpretation allowed to investigator | =1 VU=l ) j=1
Sparse PCA, a hybrid technique with regression (Z = AmDay, =0

- not all the variables are in the PCs
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Classification: Variable Importance

‘ Categorizing obhservations
- by means of predictive models for classification

‘ Different algorithms used: Resampling:
- random forest (RFO) a) Training set of 70% of data
- recursive partitioning (RPA) b) Testing set of 30% of data
- stochastic gradient boosting (GBM)

, c) 10-fold cross validation
- boosting model (C50)

- flexible discriminant analysis (FDA) d) Repeatmg 10 times

- nearest shrunken centroid (NSC)

‘ Different scores for variable importance estimation
- percentage of variables occurence (ranking)
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‘ Accuracy
- proportion of true results among :> ACC = TP+ TN
the total number of cases examined ~ P4+ N
‘ Sensitivity
- proportion of positives that are :> TPR — TP
correctly identified as such ~p
‘ Specificity
- proportion of negatives that are :> TNR — TN
correctly identified as such N
‘ Kappa coefficient
- reliability of a statistical classification, :> _ Pr(o) — Pr(e)

related to the possible best classification 1-— Pr(e)
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R Tools

‘ R environment in Rstudio IDE
- user and developer

- Comprehensive R Archive Network (CRAN) & Bioconductor
‘ corrplot, Hmisc, ppcor

Classification and Regression Training:

a) data splitting
‘ sparcl, GeneNet, b) pre-processing

c) feature selection
d) model tuning using resampling
‘ lattice, ggplot2, directlabels e) variable importance estimation
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Density Panels
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‘ Features distributions regularity

RPG

- unimodal and centered
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‘ Some valuable results
- ROC, ROA in FTL
- T in PNP and GTF ) e
- RB95 in all the families . o
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‘ A good overview

- on protein families

- on protein structural features
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Dissimilarity Dendrogram
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Features Network

‘ Two kind of relationships

- continuous line: partial correlation
- dotted line: partial anticorrelation

‘ Pruning excessive features
- peripheral ones

J

a) Phi-Psi Angles
b) Omega Angle
c) ASA information @

@ * Use of GGMs
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PCA & sPCA

‘ Clustering for protein families
- GTEFE, FTL, CTS, ...

‘ SOD is in a wide open position

- multi-structural architecture

‘ (Possible) outliers detection
- Pseudomonas putida SOD

‘ sPCA is coherent with the dendrogram

- 60% of explained variance
- sPCs are clusterized
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Features Classification

RFO RFOS RPA RPAS GBM GBM S C50 C50S FDA FDA S NSC NSC S |PERCENTAGE
— A 4 3 2 2 3 3 3 3 8 8 4 4 1,00
— B 1 2 1 1 2 1 1 1 2 2 3 3 1,00
C 10 9 8 8 6 8 7 10 0,67
— T 7 8 5 5 10 7 6 6 4 4 9 8 1,00
— RHB 9 6 9 9 5 5 9 9 8 7 0,83
NPA 0,00
PA 8 10 12 10 5 5 10 9 0,67
CA 11 12 9 9 8 12 11 11 0,67
— MRA_N 6 5 6 6 7 6 7 7 5 5 0,83
— VOL_N 2 1 3 3 1 2 2 2 1 1 1 1 1,00
RPC 0,00
RPA 12 0,08
RPG 0,00
RPO 0,00
ROC 0,00
ROA 0,00
ROG 0,00
ROO 0,00
PD 11 0,08
— FEF_N 3 4 4 4 5 5 4 4 3 3 2 2 1,00
RB95 5 7 7 7 4 4 6 6 0,67
BC 12 11 11 7 7 6 6 0,58
RSB 12 0,08
RFO RFOS | RPA RPAS GBM GBM S C50 C50S FDA FDA'S NSC NSC S
ACCURACY 0,95 0,95 0,59 0,60 0,94 0,95 0,89 0,88 0,95 0,94 0,89 0,83
KAPPA 0,95 0,94 0,54 0,56 0,93 0,94 0,88 0,86 0,94 0,93 0,88 0,81
SENSITIVITY 0,97 0,97 0,50 0,50 0,93 0,93 0,86 0,86 0,93 0,93 0,91 0,82
SPECIFICITY 0,99 0,99 0,95 0,95 0,99 0,99 0,99 0,99 0,99 0,99 0,99 0,98
PERFORMANCE 0,97 0,96 0,65 0,65 0,95 0,95 0,91 0,90 0,95 0,95 0,92 0,86
P-VALUE  |1,00E-29 1,00E-29 | 83E-10 1,83E-10 1,46E-27 1,46E-27 5,05E-22 5,05E-22 1,46E-27 1,46E-27 1,37E-26 2,44E-17
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Features «Selection»

‘ Comparing all the used techniques

‘ Variables subset as typical for the protein families dataset
-A,.B,C, T, RHB, PA, CA, MRA_N, VOL_N, RB95

‘ Free energy of folding (FEF_N) strictly related to volume

- because of the prediction formula...

‘ Structural defects seem to influence the present study
- not so strong in all the methods
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Conclusions

Conclusions and Future Works

. Graphical multivariate procedures :> a) Transglutaminase
are good tools b) Superoxide Dismutase
- characterization ¢) Glycosyl Hydrolase
- fingerprints

. Predictive models for classification
to perform feature selection

- knowledge < information < data

Information

Contextualized, categorized, calculated and
condensed data

' How to improve the work?

- multivariate regression models

- protein families number
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Conclusions
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