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BRCAT (Breast Cancer 1, early
onset)

» Tumor suppressor gene (Caretaker gene) | f) J \i\,)
» BRCAT protein: DNA repair and transcriptional ¥ " .,\/\ ““Q/\,

regulation . ‘ ~ X X )
» Mutation - malfunctioning protein k-

» Cancer Development ! /\L/

» Responsible for > 80% breast and ovarian cancers ‘ If\

WWW.Iscb.org
Figure 1. PDB rendering
based of model 1jm7



http://www.rscb.org

Clinical Significance: BRCA
Mutations and Cancer

Figure 2: Proportion of hereditary breast

» BRCA mutation in 20% of cancer cases caused by each gene
familial breast and
ovarian cancers

» BRCA mutation 2 5x
breast cancer risk, 30x
ovarian cancer risk

BRCA1 mutation
m BRCA2 mutation

m All other known
genes

®m Unknown genes
or mulfiple genes




Problem

» Mutations in the BRCAT lead to cancer

» Need to create a drug 1o replicate the behavior of the BRCAI
protein to ensure damaged DNA repair




Figure 3. Conformational flexibility in PDB model 1abr

(Majorek K, Kozlowski L, Jakalski M, Bujnicki, JM (December 18, 2008). Prediction of Protein Structures,
Functions, and Interactions. John Wiley & Sons, Ltd.)



BRCAT1 and Intrinsic Disorder

» 1863 amino acid protein
» N-terminal RING domain (1 - 103; ~5%)
» Cenftral disordered region (104 —1645; ~79%)
» C-terminal BRCT domains (1646 — 1863; ~11%)
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Figure 4. Representation of BRCAT1 protein with interactors

(Mark, W., et al (October 14, 2004). Characterization of Segments from the Central Region of BRCAT)



Godal

» Compile data on BRCAT interactors & interactions, identify binding-
site residues

» Run, adapt, and improve current framework for IDP binding
prediction

» Develop new algorithm that characterizes and predicts IDP binding
interactions

» Potential for disruption or blocking of protein-protein interactions
» Potential for synthesis of mimic regions
» Develop novel drugs that inhibit or replicate BRCAT1 behavior



Methods: Gene Metacore and
String-DB

» Databases of protein-protein interactions

» Rich ontologies for diseases and processes with hierarchical or
graphic output



Results: Pathway Mapping

» BRCATI functions independently and jointly in a complex
» Complexes include BASC, BARD

» Protfeins that interact with BRCAT1 function independently and jointly
in a complex
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Figure 5: Example of BRCAT interaction map. Image generated by Gene
Metacore (shown is one map among many other pathway network maps

& lists)
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Figure 6: Example of BRCAT1 interaction map. Image generated by String-
DB (shown is one map among many other pathway network maps & lists)
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Figure 7: Example of BRCAT1 interaction table. Image
generated by Gene Metacore (shown is one table among
many other network data tables & lists)




Enrichment analysis report

Enrichment by Process Networks brcal (INTERACTIONS)

Min FDR

Immune response Phagosome in antigen presentation 1.076E-02 1.184E-01 1.076E-02 1.184E-01 SEC15L, PSMBS

Immune response Innate immune responss to RMA viral infection 5 B00E-02 1.305E-01 5.A00E-02 1.305E-01 IRFa

Infiammation IFM-gamma signaling T AG5E-02 1.305E-01 TAGSE-D2 1.305E-01 IRFa

Inflammation _Interfarcn signaling T AGGE-02 1.305E-01 TAGLE-Q2 1.306E-01 IRFS

Cevelcoment Skeletal muscle developrment 9.680E-02 1.305E-01 9.680E-02 1.305E-01 Utrophin

Develcoment Meuromuscular junction 9.874E-02 1.305E-01 Q.874E-02 1.305E-01 Utrophin

Proteclysis _Ubiguitin-proleasomal proteolysis 1.109E-1 1.305E-01 1.108E-01 1.305E-01 PSMBE

Transport Synaptic vesicls exocytosis 1.166E-01 1.305E-01 1.166E-01 1.305E-01 SEC1EL

Cytoskeleton Aclin filaments 1.173E-M1 1.306E-01 1.173E-M 1.306E-M Utrophin

Transport Polassium transport 1.286E-1 1.305E-01 1.286E-01 1.305E-01 HKCME1D

Process Networks Diseases (by Biomarkers) GO Processes Infa
Figure 8: Enrichmeny analysis on BRCAT interactors. Data from Gene Metacore




Methods: AASA and DSSP

» Accessible Surface Area

» => infer binding-site residues

» Define Secondary Structure of Protein

» =>infer secondary structure from 3D coordinates of atoms

» *Problem®*: no crystallized structures of BRCA1's disordered region in
Protein Data Bank



Results: AASA and
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Figure 9: AASA data on 1115 model on PDB.
Calculations conducted on every model of BRCAT
in PDB.



Methods: Machine Learning

» MOoRF: Molecular Recognition Feature

» Given MoRF, categorize potential binding
sites in terms of class, fold, family, and
superfamily and provide a yes/no binding
prediction

» Database of 482 MoRFs

» Bayesian network learning
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Figure 10: HIV MoRF (Jonah
Kallenbach, personal
communication)
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Results: Machine Learning
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Figure 11: KNIME Workflow adapted from Jonah Kallenbach's research at RS



Methods: Homology

» Correlate IDPs with other proteins (’ ‘ { ‘
4 4
» Infer function of same residues on ‘\l\ p &
BRCAI 0\’ ~
» BLAST: Basic Local Alignment Search & ¢
Tool N\

3 ¢

WWW.Iscb.org

Figure 13: Example of proteins with similar
sequences



http://www.rscb.org

Ongoing Work and Future

» Draw subnetworks of BRCAT functional network based on protein
function and results of enrichment analysis

» Developing a more accurate prediction algorithm based on
» Binding-site residue data and MoRF data
» Interaction data from databases and enrichment analyses
» Tailor to BRCAT



Future

» Validation by experts at Dana-Fartbber Cancer Institute

» Development of drugs that replicate BRCA1 behavior by imitating
MoRFs and binding residues
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Questions




Extra: Bayesian Networks

» Directed acyclic graph, probabilistic graphical model
» Nodes: random variables
» Edges: conditional probabilities

Grass Wet




