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Research at Kann’s Lab.

Bioinformatics and Computational Biology:
Protein Domain Recognition
Human Protein Domain Database (HPDD)
Developing new metrics to compare bioinformatics 
methodologies

Systems Biology:
Computational approaches to predict domain-domain 
interactions
Understanding co-evolution of protein and domain interactions

Understanding the molecular basis of diseases:
Mapping disease mutational data into HPDD

Text-mining of abstracts to extract disease mutations
Using domain profiling to analyze gene expression data
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Outline

Introduction
Sequence Similarity and “the BLAST 
revolution”
Protein Domains and their relevance 
Methods for Protein Domain Recognition
HPDD: Human Protein Domain Database
Predictors of Domain-Domain Interactions
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Definitions

Bioinformatics: Research, development, or 
application of computational tools and 
approaches for expanding the use of biological, 
medical, behavioral or health data, including 
those to acquire, store, organize, archive, 
analyze, or visualize such data.

Computational Biology: The development and 
application of data-analytical and theoretical 
methods, mathematical modeling and 
computational simulation techniques to the study 
of biological, behavioral, and social systems.
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What is systems biology?

Alternative perspective
Q: What is mathematics?
A: Thing that mathematicians do.
Q: What is systems biology?
A: Thing that most of us will be doing in a few years …?

Systems Biology: the study of complex biological 
processes in a manner that seeks to understand how 
individual molecular components combine on a global 
scale to yield particular structures, functions, and 
behaviors in response to specific perturbations

Systems Biology: the study of complex biological 
processes in a manner that seeks to understand how 
individual molecular components combine on a global 
scale to yield particular structures, functions, and 
behaviors in response to specific perturbations

Slide by Teresa Przytycka (NCBI,NIH) 
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The Human Genome
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GATCCTCCATATACAACGGTATCTCCACCTCAGGTTTAGATCTCAACAACGGAACCATTGCCGACATGA
GACAGTTAGGTATCGTCGAGAGTTACAAGCTAAAACGAGCAGTAGTCAGCTCTGCATCTGAAGCCGCT
GAAGTTCTACTAAGGGTGGATAACATCATCCGTGCAAGACCAAGAACCGCCAATAGACAACATATGTA
ACATATTTAGGATATACCTCGAAAATAATAAACCGCCACACTGTCATTATTATAATTAGAAACAGAACG
CAAAAATTATCCACTATATAATTCAAAGACGCGAAAAAAAAAGAACAACGCGTCATAGAACTTTTGGCA
ATTCGCGTCACAAATAAATTTTGGCAACTTATGTTTCCTCTTCGAGCAGTACTCGAGCCCTGTCTCAAG
AATGTAATAATACCCATCGTAGGTATGGTTAAAGATAGCATCTCCACAACCTCAAAGCTCCTTGCCGAG
AGTCGCCCTCCTTTGTCGAGTAATTTTCACTTTTCATATGAGAACTTATTTTCTTATTCTTTACTCTCACA
TCCTGTAGTGATTGACACTGCAACAGCCACCATCACTAGAAGAACAGAACAATTACTTAATAGAAAAAT
TATATCTTCCTCGAAGGCTAATCGATAACTGACGATTTCCTGCTTCCAACATCTACGTATATCAAGAAG
CATTCACTTACCATGACACAGCTTCAGATTTCATTATTGCTGACAGCTACTATATCACTACTCCATCTAG
TAGTGGCCACGCCCTATGAGGCATATCCTATCGGAAAACAATACCCCCCAGTGGCAAGAGTCAATGAA
TCGTTTACATTTCAAATTTCCAATGATACCTATAAATCGTCTGTAGACAAGACAGCTCAAATAACATACA
ATTGCTTCGACTTACCGAGCTGGCTTTCGTTTGACTCTAGTTCTAGAACGTTCTCAGGTGAACCTTCTT
CTGACTTACTATCTGATGCGAACACCACGTTGTATTTCAATGTAATACTCGAGGGTACGGACTCTGCCG
ACAGCACGTCTTTGAACAATACATACCAATTTGTTGTTACAAACCGTCCATCCATCTCGCTATCGTCAG
ATTTCAATCTATTGGCGTTGTTAAAAAACTATGGTTATACTAACGGCAAAAACGCTCTGAAACTAGATC
CTAATGAAGTCTTCAACGTGACTTTTGACCGTTCAATGTTCACTAACGAAGAATCCATTGTGTCGTATTA
CGGACGTTCTCAGTTGTATAATGCGCCGTTACCCAATTGGCTGTTCTTCGATTCTGGCGAGTTGAAGTT
TACTGGGACGGCACCGGTGATAAACTCGGCGATTGCTCCAGAAACAAGCTACAGTTTTGTCATCATCG
CTACAGACATTGAAGGATTTTCTGCCGTTGAGGTAGAATTCGAATTAGTCATCGGGGCTCACCAGTTA
ACTACCTCTATTCAAAATAGTTTGATAATCAACGTTACTGACACAGGTAACGTTTCATATGACTTACCTC
TAAACTATGTTTATCTCGATGACGATCCTATTTCTTCTGATAAATTGGGTTCTATAAACTTATTGGATGC
TCCAGACTGGGTGGCATTAGATAATGCTACCATTTCCGGGTCTGTCCCAGATGAATTACTCGGTAAGA
ACTCCAATCCTGCCAATTTTTCTGTGTCCATTTATGATACTTATGGTGATGTGATTTATTTCAACTTCGA
AGTTGTCTCCACAACGGATTTGTTTGCCATTAGTTCTCTTCCCAATATTAACGCTACAAGGGGTGAATG
GTTCTCCTACTATTTTTTGCCTTCTCAGTTTACAGACTACGTGAATACAAACGTTTCATTAGAGTTTACT
AATTCAAGCCAAGACCATGACTGGGTGAAATTCCAATCATCTAATTTAACATTAGCTGGAGAAGTGCCC
AAGAATTTCGACAAGCTTTCATTAGGTTTGAAAGCGAACCAAGGTTCACAATCTCAAGAGCTATATTTT
AACATCATTGGCATGGATTCAAAGATAACTCACTCAAACCACAGTGCGAATGCAACGTCCACAAGAAG
TTCTCACCACTCCACCTCAACAAGTTCTTACACATCTTCTACTTACACTGCAAAAATTTCTTCTACCTCC
GCTGCTGCTACTTCTTCTGCTCCAGCAGCGCTGCCAGCAGCCAATAAAACTTCATCTCACAATAAAAAA
GCAGTAGCAATTGCGTGCGGTGTTGCTATCCCATTAGGCGTTATCCTAGTAGCTCTCATTTGCTTCCTA
ATATTCTGGAGACGCAGAAGGGAAAATCCAGACGATGAAAACTTACCGCATGCTATTAGTGGACCTGA
TTTGAATAATCCTGCAAATAAACCAAATCAAGAAAACGCTACACCTTTGAACAACCCCTTTGATGATGA
TGCTTCCTCGTACGATGATACTTCAATAGCAAGAAGATTGGCTGCTTTGAACACTTTGAAATTGGATAA

Human Genome Project
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GATCCTCCATATACAACGGTATCTCCACCT
CAGGTTTAGATCTCAACAACGGAACCATTG
CCGACATGAGACAGTTAGGTATCGTCGAG
AGTTACAAGCTAAAACGAGCAGTAGTCAG
CTCTGCATCTGAAGCCGCTGAAGTTCTACT
AAGGGTGGATAACATCATCCGTGCAAGAC
CAAGAACCGCCAATAGACAACATATGTAA
CATATTTAGGATATACCTCGAAAATAATAA
ACCGCCACACTGTCATTATTATAATTAGAA
ACAGAACGCAGCTACAGACATTGAAGGAT
TTTCT

DNA sequence

What are we interested in?

MTQLQISLLLTATISLLHLVVATPYEA
YPIGKQYPPVARVNESFTFQISNDTYK
SSVDKTAQITYNCFDLPSWLSFDSSSR
TFSGEPSSDLLSDANTTLYFNVILEGT
DSADSTSLNNTYQFVVTNRPSISLSSD
FNLLALLKNYGYTNGKNALKLDPNE
VFNVTFDRSMFTNEESIVSYYGRSQL
YNAPLPNWLFRRRENPDDENLPHAIS
GPDLNNPANKPNQENATPLNNPFDDD

Protein sequence

What is this protein?
What is its function?

What does interact with?
Is this protein involved in a 

disease?

Kann et al.Kann et al. JMB JMB (2008);(2008);
Kann et al. Kann et al. ProteinsProteins (2007)(2007)
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Outline

Introduction
Sequence Similarity and the BLAST 
revolution
Protein Domains and why are they 
important
GLOBAL: A tool for Protein Domain 
Recognition
HPDD: Human Protein Domain Database
Predictors of Domain-Domain Interactions
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The BLAST Revolution

BLAST: Basic 
Local Alignment 
Search Tool
Transferring 
functional 
information using 
sequence 
similarity
BLAST is fast!
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Protein Classification

A L I G N M E N T 

A L I G G N M E N 
 

 

QUERY
Set of related 
sequences or 
protein family 
from database

A L I G N M E N T 

A L I G G N M E N 

4 3 4 7 1 2 -2 0 0 
 

 

A L I G - N M E N T 

A L I G G N M E N - 
 

 

score=19

PAM: PAM: DayhoffDayhoff et al. (1978); BLOSUM: et al. (1978); BLOSUM: HenikoffHenikoff & & HenikoffHenikoff (1992);(1992);
OPTIMA:KannOPTIMA:Kann et al.et al. (2000).(2000).

Alignment Algorithm
Scoring Function

Accurate Statistics
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Significance of a score

Estimated number of non-related sequences 
in the database that score higher than the 

query

( )Q RE p S S D= <

D= size of database
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Alignments’ scores
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Outline

Introduction
Sequence Similarity and the BLAST 
revolution
Protein Domains and their relevance 
Methods for Protein Domain Recognition 
HPDD: Human Protein Domain Database
Predictors of Domain-Domain Interactions
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Protein Domains

The term protein domain (or domain) refers to a region of 
the protein with compact structure, usually with a 
hydrophobic core. 
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Conserved Domains
In 1974 Michael Rossman recognized the 
NADH binding domain in several 
dehydrogenases (named after him).
Conserved domains are determined by 
sequence comparative analysis.
Molecular evolution uses such domains as 
building blocks
They may be recombined in different 
arrangements to make proteins with different 
functions. 
Most proteins contain multiple domains
(65% euk, 40% prok), giving rise to a variety 
of combinations of domains.
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MarchlerMarchler--Bauer Bauer et al et al (2003) (2003) NAR NAR 383:387383:387

heme-binding site

It combines information about protein sequence, their conservation
patterns across evolution and the protein structure and provide 
useful functional annotation.
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Outline

Introduction
Sequence Similarity and the BLAST 
revolution
Protein Domains and their relevance
Methods for Protein Domain 
Recognition
HPDD: Human Protein Domain Database
Predictors of Domain-Domain Interactions
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Protein Classification

QUERY
Set of related 
sequences or 
protein family 
from database

PSSM can be derived from the MSAPSSM can be derived from the MSA

A PSSM, or Position-Specific 
Scoring Matrix (or profile), is a 
type of scoring matrix in which 
amino acid substitution scores 
are given separately for each 
position in a protein multiple 

sequence alignment.

Alignment Algorithm
Scoring Function

Accurate Statistics

http://www.ncbi.nlm.nih.gov/Education/BLASTinfo/psi1.html
http://www.ncbi.nlm.nih.gov/Education/BLASTinfo/psi1.html
http://www.ncbi.nlm.nih.gov/Education/BLASTinfo/psi1.html
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MSA contains conserved blocks
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Protein Structure AlignmentProtein Structure AlignmentProtein Structure Alignment

αα--helixhelix

ββ--strandstrand

loopsloops

red red 
sequencesequence

blue blue 
sequencesequence

Subsequences Subsequences 
corresponding to corresponding to 
secondary structure secondary structure 
elements (SSEs: elements (SSEs: αα--
helices and helices and ββ--strands) strands) 
are more conserved are more conserved 
than the intervening than the intervening 
loops.loops.

Protein Sequence Conservation
Occurs in Blocks with Intervening Gaps
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Protein domain representation

gapgap gapgap

11 22

CDD footprintCDD footprint
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Sequence-PSSM alignment

A L I G N M E N T
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ROC curve for GLOBAL
ROC10000 ROC50000 ROC200000
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GLOBAL Method
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Outline

Introduction
Sequence Similarity and the BLAST 
revolution
Protein Domains and their relevance
Methods for Protein Domain Recognition
HPDD: Human Protein Domain 
Database
Predictors of Domain-Domain Interactions
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SuznickSuznick et al. NAR (submitted)et al. NAR (submitted)
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HPDD: Gene Pages
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HPDD: Protein Pages
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Building HPDD

HPDD Statistics:
Total of 4,488 human protein domains

2,578 from Pfam
1,402 curated from CDD
407 from Smart
97 from COG
4 from PRK  

SuznickSuznick et al. NAR (submitted)et al. NAR (submitted)
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Outline

Introduction
Sequence Similarity and the BLAST 
revolution
Protein Domains and their relevance
Methods for Protein Domain Recognition
HPDD: Human Protein Domain Database
Predictors of Domain-Domain 
Interactions
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Why do we need to use computational 
methods to predict interactions?

Experimental data are noisy and incomplete
From successes/failures of computational 
methods we can learn about nature of 
interactions
In the case of domain-domain interactions no 
large scale data are available   

Prediction of protein-protein or 
domain-domain  interactions
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Sato et al. Bioinformatics (2005)Sato et al. Bioinformatics (2005)
PazosPazos et et alal..JMB..JMB (2005)(2005)
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Mirrortree Method with correction for speciation:
Kann et al.Kann et al. JMB JMB (2008)(2008)
Kann et al. Kann et al. ProteinsProteins (2007)(2007)
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Predicting Protein interactions:
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5. Compare results
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1. Identify binding  
neighborhoods map 
them onto MSA

2. Compute 
vector of pair-
wise distances

3.Subtract 
speciation (s)

4. Compute 
correlations
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Predicting domain-domain interactions:

Please ask for reprints (just accepted for publication in the 
Journal of Molecular Biology)
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Kann’s Computational Biology lab.

Past members:
Brian Bennet (Bionf)
Andrew Winder (CS)
Chris Alexander (Biology) 

Undergraduates:
Ivette Santana-Cruz (BS, Bioinf) 
Joy Adewumi (senior, CS) 
Mike Povolotzky (junior, Bioinf)
Richard Blissett (soph, Bioinf) 
Methzli Rodriguez (soph, CS/Bioinf) 
Asa Adadey (soph, Bioinf)

Grad. Students:
Michael Martin (PhD/Rotation) 
Trevor Suznick (BS/MS, Bioinf)
Yanan Sun (MS, IS) 
Diana Reginf (MS, IS) 

Current members:
Attila Kertesz-Farkas (postdoc)
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Kann’s Computational Biology lab.
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CBIG: Computational Biology Interest Group

CBIG: a forum for exchanging ideas and 
initiating collaborations between groups, in 
particular experimental and computational. 

Seminars, events and news related to computational 
biology.
Students at all levels, as well as postodocs and 
faculty members can subscribe to the e-mail list 
cbig@lists.umbc.edu

Coming soon: http://bioinf.umbc.edu/cbig

http://bioinf.umbc.edu/cbig
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The End
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