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Research at Kann’s Lab.

O Bioinformatics and Computational Biology:
m Protein Domain Recognition
m Human Protein Domain Database (HPDD)

m Developing new metrics to compare bioinformatics
methodologies

O Systems Biology:

m Computational approaches to predict domain-domain
interactions

m Understanding co-evolution of protein and domain interactions

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

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

O Introduction

O Sequence Similarity and “the BLAST
revolution”

O Protein Domains and their relevance

O Methods for Protein Domain Recognition
o HPDD: Human Protein Domain Database
O Predictors of Domain-Domain Interactions
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Definitions

O 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.

o Computational Biology: The development and
application of data-analytical and theoretical
methods, mathematical modeling and
computational simulation technigues 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 ...?

Maricel G. Kann Sept.08
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The Human Genome
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Human Genome Project

GATCCTCCATATACAACGGTATCTCCACCTCAGGTTTAGATCTCAACAACGGAACCATTGCCGACATGA
GACAGTTAGGTATCGTCGAGAGTTACAAGCTAAAACGAGCAGTAGTCAGCTCTGCATCTGAAGCCGCT
GAAGTTCTACTAAGGGTGGATAACATCATCCGTGCAAGACCAAGAACCGCCAATAGACAACATATGTA
ACATATTTAGGATATACCTCGAAAATAATAAACCGCCACACTGTCATTATTATAATTAGAAACAGAACG
CAAAAATTATCCACTATATAATTCAAAGACGCGAAAAAAAAAGAACAACGCGTCATAGAACTTTTGGCA
ATTCGCGTCACAAATAAATTTTGGCAACTTATGTTTCCTCTTICGAGCAGTACTCGAGCCCTGTCTCAAG
AATGTAATAATACCCATCGTAGGTATGGTTAAAGATAGCATCTCCACAACCTCAAAGCTCCTTGCCGAG
AGTCGCCCTCCTTTGTCGAGTAATTTTCACTTTTCATATGAGAACTTATTTTCTTATTCTTTACTCTCACA
TCCTGTAGTGATTGACACTGCAACAGCCACCATCACTAGAAGAACAGAACAATTACTTAATAGAAAAAT
TATATCTTCCTCGAAGGCTAATCGATAACTGACGATTTCCTGCTTCCAACATCTACGTATATCAAGAAG
CATTCACTTACCATGACACAGCTTCAGATTTCATTATTGCTGACAGCTACTATATCACTACTCCATCTAG
TAGTGGCCACGCCCTATGAGGCATATCCTATCGGAAAACAATACCCCCCAGTGGCAAGAGTCAATGAA
TCGTTTACATTTCAAATTTCCAATGATACCTATAAATCGTCTGTAGACAAGACAGCTCAAATAACATACA
ATTGCTTCGACTTACCGAGCTGGCTTTCGTTTGACTCTAGTTCTAGAACGTTCTCAGGTGAACCTTCTT
CTGACTTACTATCTGATGCGAACACCACGTTGTATTTCAATGTAATACTCGAGGGTACGGACTCTGCCG
ACAGCACGTCTTTGAACAATACATACCAATTTIGTTGTTACAAACCGTCCATCCATCTCGCTATCGTCAG
ATTTCAATCTATTGGCGTTGTTAAAAAACTATGGTTATACTAACGGCAAAAACGCTCTGAAACTAGATC
CTAATGAAGTCTTCAACGTGACTTTTGACCGTTCAATGTTCACTAACGAAGAATCCATTGTGTCGTATTA
CGGACGTTCTCAGTTGTATAATGCGCCGTTACCCAATTGGCTGTTCTTCGATTCTGGCGAGTTGAAGTT
TACTGGGACGGCACCGGTGATAAACTCGGCGATTGCTCCAGAAACAAGCTACAGTTTTGTCATCATCG
CTACAGACATTGAAGGATTTTCTGCCGTTGAGGTAGAATTCGAATTAGTCATCGGGGCTCACCAGTTA
ACTACCTCTATTCAAAATAGTTTGATAATCAACGTTACTGACACAGGTAACGTTTCATATGACTTACCTC
TAAACTATGTTTATCTCGATGACGATCCTATTTCTTCTGATAAATTGGGTTCTATAAACTTATTGGATGC
TCCAGACTGGGTGGCATTAGATAATGCTACCATTTCCGGGTCTGTCCCAGATGAATTACTCGGTAAGA
ACTCCAATCCTGCCAATTTTTCTGTGTCCATTTATGATACTTATGGTGATGTGATTTATTTCAACTTCGA
AGTTGTCTCCACAACGGATTTGTTTGCCATTAGTTCTCTTCCCAATATTAACGCTACAAGGGGTGAATG
GTTCTCCTACTATTTTTTGCCTTCTCAGTTTACAGACTACGTGAATACAAACGTTTCATTAGAGTTTACT
AATTCAAGCCAAGACCATGACTGGGTGAAATTCCAATCATCTAATTTAACATTAGCTGGAGAAGTGCCC
AAGAATTTCGACAAGCTTTCATTAGGTTTGAAAGCGAACCAAGGTTCACAATCTCAAGAGCTATATTTT
AACATCATTGGCATGGATTCAAAGATAACTCACTCAAACCACAGTGCGAATGCAACGTCCACAAGAAG
TTCTCACCACTCCACCTCAACAAGTTCTTACACATCTTCTACTTACACTGCAAAAATTTCTTCTACCTCC
GCTGCTGCTACTTCTTCTGCTCCAGCAGCGCTGCCAGCAGCCAATAAAACTTCATCTCACAATAAAAAA
GCAGTAGCAATTGCGTGCGGTGTTGCTATCCCATTAGGCGTTATCCTAGTAGCTRFCAPTRATFPEBTA
ATATTCTGGAGACGCAGAAGGGAAAATCCAGACGATGAAAACTTACCGCATGCTATTAGTGGACCTGA!
TTTGAATAATCCTGCAAATAAACCAAATCAAGAAAACGCTACACCTTTGAACAACCCCTTTGATGATGA
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What are we ioterested 17

Choose a BLAST program to run
KMSA of Canonical tree ms,.u., .;.f

Protein A
cleotide database usmg a nucleutlde query

P rOtel n Seq UenC C nuﬁﬁ“lﬂlast j—ém' ms: blasin.megablast discontiguoys Euegahlast
Organism 3 D

MTQLQISLLLTATISLLHLVVATPYEA
YPIGKQYPPVARVNESFTFQISNDTYK
SSVDKTAQITYNCFDLPSWLSFDSSSR
TFSGEPSSDLLSDANTTLYFNVILEGT
DSADSTSLNNTYQFVVTNRPSISLSSD
FNLLALLKNYGYTNGKNALKLDPNE
VFNVTFDRSMFTNEESIVSYYGRSQL

Sear;h protein datahasp using a pr{:tam query 'g

i f
/ BRI e e e —

trans*ated nucleotide query
2

blastx Sea*h pratein datahaet usi

databgselsing a prgtﬂn query
o P

YNAPLPNWLFRRRENPDDENLPHAIS
GPDLNNPANKPNQENATPLNNPFDDD . tblastn rc: slated
{optional method. 8=
depe step) . .
* "ﬂ?ﬂ;sﬁ ch translated otide dat a trgnslated nucleotide query

What is this protein? N '
What is its function? =~ PeceizedEUS

A4

Choose a type of spe

Distance
Matrices

What does interact with? omai
IS this protein involved in a i s Sepforesion oot

Inoglobulins (lgBLAST)

d|Sease? {Ps (snp} AA

O Screen sequence for vector conta
B Align two sequences using BLAST |

ination (vecscregn)

. _— Maricel G. Kann Sept.08
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Outline

O Introduction

O Sequence Similarity and the BLAST
revolution

O Protein Domains and why are they
Important

O GLOBAL: A tool for Protein Domain
Recognition

o HPDD: Human Protein Domain Database
O Predictors of Domain-Domain Interactions
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The BLLAST Revolution

E. coli

sfs FEE 3

O BLAST: Basic
Local Alignment
Search Tool

O Transferring
functional
Information using
seguence
similarity

O BLAST is fast!

time (bilions of years)




Protein Classification

—)

QUERY

Alignment Algorithm

Scoring Function
Accurate Statistics

>

Set of related
sequences or
protein family

A L

A L
A L

A L

G NME N

G N M E N
G NME N

G N M E N

4 3 4 71 2 200

PAM: Dayhoff et al. (1978); BLOSUM: Henikoff & Henikoff (1992);

OPTIMA:Kann et al. (2000).

A L G -
A L G

from database

N M E N
N ME N -

500 M. KANN ET AL.
TABLE 1. OPTIMA Score Matrix Achieved at the Tenth Iteration®
A 36
R -9 56
N -19 4 59
D -20 -18 18 65
C 6 —-28 —30 30 99
Q -3 12 2 2 -30 46
E -10 3 3 20 -39 19 40
G 4 -18 7 -10 -29 -20 -23 @
H -19 3 12 -7 -29 3 2 -18 86
I — -28 -32 -34 -6 -30 -33 41 -28 35
L — —-20 -32 —-43 -6 -23 -31 —42 -27 28 32
K -10 31 1 -4 -29 1 14 -18 -7 -31 -21 3
M -9 -10 -19 -30 -8 1 -21 -3 -19 12 24 -12 51
F -1 -30 -29 -33 -18 -29 -32 -32 -8 8 17 -29 2 57
P — -8 -17 -7 -30 -11 - -18 -18 -30 -33 -10 -21 -39 74
S 12 -11 10 4 —10 o -1 2 -9 -20 -22 3 -10 -19 -8 36
T 0 8 0o - -7 - -6 -17 -20 -8 -13 -8 -7 -18 -11 18 43
W -20 -290 -39 -4 -18 -19 -20 -19 -18 -28 -15 -30 -8 14 -38 -29 -19 110
Y -19 -15 -19 -20 -18 -9 -21 -29 2 -8 -2 -17 -9 37 -28 -19 -17 22 69
v 6 -32 -31 -31 -6 -19 -28 -30 -29 35 18 -23 10 0 -18 -22 6 —28 -9 38

G H I L K M F P 8 T

W Y V

“The elements are multiplied by ten to increase

precision; corres

ponding gap penalties are —120 and —20.

Maricel G. Kann Sept.08
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Signiﬁcance of a score

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

query
E=p(S, <S)D

D= size of database

Maricel G. Kann Sept.08
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# of alignments with score S

] i

|
S S,
p(S, < Sg) =1—exp[-KMNe “*]

Alignments’ scores
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PROTEINS: Structure, Function, and Genetics 41:498-503 (2000

Optimization of a New Score Function for the Detection of
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Sequence analysis
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O Introduction

O Sequence Similarity and the BLAST
revolution

O Protein Domains and their relevance
O Methods for Protein Domain Recognition
O HPDD: Human Protein Domain Database
O Predictors of Domain-Domain Interactions
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Protein Domains

- MMDB
2 NCBI Structure Summary
Pubhed BLAST Structure Taxonomy DIk He

Description: Crystal Structure Of Human Tyrosine-Protein Kinase C-Sre, In Complesx Wit
Deposition: <0\, Doshi A, Lel M, Eck MJ, Harrison SC, 1998/12/29

Taxonomy: Homo sapiens
Reference: FubMed MMDB: 11026 PDB: 25EC  Structure Neighbors: VAST

View 3D Structure of | All Atorm Model || Cr3l v: Dis_play v: MEW (St (CnaD 411

The graphics below indicate the individual chains, 30 damains and ligands identified, if present, in the MMDEB structure. You may view
them in Cn30 by clicking "view 30 Structure” abowve. You may also click each icon to get more information.

1 75 150 275 F00 375 452
Protein

3d Donains 1 o

cos ST T Turke

The term protein domain (or domain) refers to a region of
the protein with compact structure, usually witha
hydrophobic core. »




Conserved Domains

O In 1974 Michael Rossman recognized the
NADH binding domain in several
dehydrogenases (named after him).

O Conserved domains are determined by
sequence comparative analysis.

O Molecular evolution uses such domains as
building blocks

O They may be recombined in different
arrangements to make proteins with different
functions.

O Most proteins contain multiple domains
(65% euk, 40% prok), giving rise to a variety

Maricel G. Kann Sept.08
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g__ 955 -

(4
Entrez [ D Structure Protein | Help
cd01040.2 globin
Links: Globins are heme proteins, which bind and transport oxygen. This family summarizes a diverse set of homologous
Source: Cdd protein daomains, including: [(1) tetrameric vertebrate hemoglobins, which are the major protein component of

erythrocytes and transport oxygen in the bloodstream, (2) microorganismal flavohemoglobins, which are linked to C-

Taxonomy: cellular organisms terminal FAD-dependend reductase domains, (3] thDdimeric bacterial hemoaglobins, such as from Vitreoscilla, (4

PubMed: 5 links plant leghemoglobins (symbiotic hemoglobins, involved in nitrogen metabolism in plant rhizomes), (5) plant non-
Book: 32 boaok links symbiotic hexacoordinate globins and hexacoordinate globins from bacteria and animals, such as neuroglobin, (6]
Protein: cd01040 related invertebrate hemoglobins, which may occur in tandem-repeat arrangements, and (7)) monomeric myoglobins found in

; animal muscle tissue,
architectures

representatives Labels in Se
= quence
Related CD: 2 links Fambure: Lj5g Eoidence Feature Name alignment

Statistics: el 1: heme-binding site @

PSSMM-Id: 299709

Aligned: 2032 rows cdO1040 is part of a hieraghy of related CD models.
Status: curated CD Use the graphical representatioNto navigate this hierarchy.
C ted: 102 2006
U;ﬁjtgd: 1,:,_322_2,:,,:,5 cd01040 Sequence Cluster amily Hierarchy
[ ———— | [ Demieaven ] @
[ Show Structure ]
Lo e —————————— iAsH
Feature 1 # ¥ ¥ # He
143H 1 AMNETRELCHMESL. [1Z2] .QDGIDLYEHHMFENY. [2] .LEEYF.[16] .FAROGOEILLACHVLCA. [153] .ELLDEHAR 99
1HDA & 3 DAADEGNVELLT.,[ &S] .EYGAEALERMFLEF.[2] .TETYF.[11] .VEGHGAEKVALAATL. TEAVE. [10] .ELSDLHAH 59
gl 422406 &6 SDIEEELVEDAW. [ 5] .GTANTVYFYNYLEEY. [Z2] .NODEF. [16] .FELITAGRIFTIFDMCVE. [153] .DM2GPHYA 100

gi 1730834 167 TALARPRETEQRDN.[ 7] .LFCIQFYDNLIAMD.[Z2].LEEYF.[ 2] .LEHOAVIFCEVLDZAID.[13] .KELGERHIER 246
gi 2105139 206 TPHQIERDWQRSW.[ 5] . ALVISIFVELFEET. [2] . IQKFF.[16] . YEEQIALVADRLDTHMIS. [13] . ¥YMREYTHTE 300

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

Maricel G. Kann Sept.08
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Outline

O Introduction

O Sequence Similarity and the BLAST
revolution

O Protein Domains and their relevance

0 Methods for Protein Domain
Recognition

o HPDD: Human Protein Domain Database
O Predictors of Domain-Domain Interactions
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Protein Classification

Alignment Algorithm Set of related
QUERY Scoring Function sequences or
Accurate Statistics protein family

from database
PSSM can be derived from the MSA

10 zo 30 40 50 &0 70 s0
B I ) L AT I S R S R U T P |
Feature 1 # # HE #
143H 1 AMETRELCHMEZLehakvd--tsnear QDGIDLYEHNFENYp—————— pLEEYFk=sreeyta——————— edvgndpfFALED &5
1HDE & 3 SLADEGHNVEALLUgl g-———-—- ghasEYGAEALERMFLSFp————-— ETETYFp-Fdtem o ——— boem TR ES
gi 4zz406 5 SDSEEKLVRDAUapih--——-—--— gl lgGTANTVF YHYLEEYp—————— sNODEFe
gi 1730834 167 TARPRETEQRDNdnkv———--—-- deaLFCEQF YDNL IAMDp—————— LLEEYFp - R
gi 2105139 206 TPHQIRDVQRSWenir—-———-- nAdr nALVESIFVELFEETp—————— rIQKFFa A PSS M O r POSItI On _S DeCIfI C
gi 17509143 16 EPEGREADNQILnSy————-——-— kS IVEMATRENS0EGpsnegst 1 TRRMM= ]
gi 17541936 162 DEESCEVVADSUr lvesrssaactsaCFGLFVFORVFSEIp—————- wLEPLFg

i 17558092 37 VDDDFELARTHWiglok-—--snkogoLAIRGCFLTHLEEYp————-— VEPIT 1 1 1 1
gi 17570331 55 SFEHQEL IKF‘\Slﬂjllc:{ic—1 ————— ?r—lngQFGRﬁ.SLEEF IT.UE{ 3TH.&IF3 SCO rl n g I\/I atr I X (O r p rOfI I e) ) IS a

gi 25155167 144 SPYOQELLVOCTpnivi-——--tgasgPFANSLYSTLESEN= kEAEELLa - - - -
type of scoring matrix in which
an 100 110 120 130
P N I SR IR SR INNNA S [ S = = = =
i ” i amino acid substitution scores
14L5H 66 GOEILLACHVLCACyddret-fnaytrELLDRHARAhwh——1mppeViITDFTELF

1HDA A 59 GARVALALTEAVEhlddl----pgalsEL3DLHAHElrv———-dpvNFELLSHSL

R s s M are given separately for each

gi 17305834 213 AVSFCEVLDIATIDnlenvhv-1ddyivHELGERHSR1 lgi-—-ktwGFEVHGELF
gi 2105139 267 IALVADRLDTMISsmddklo-1lonin¥MRYTHTErgi-——-—-praPTEDFZRLL

gi 17509143 78 WNLOQIVEFLOEVHMOsldepdk-isklegE IGOEHAEyrrskomkid¥UDELGELT pOSItI 0 n I n a p rote I n m u Itl p I e

gi 17541936 229 ARLFTIILHISVEnvdeleagqvaptwiKYGERHYRpdicphmtesVEVFCLOT
gi 17558092 107 CASLOQALLNMIIOnkddksg-nmrrmlnEMGAHHFF yda——-—--cepHFEVFODSL

i 17570831 106 VEYFVDLVOSCVDnlenletovkpwldL IGRGHANTKi-———tokHIEKFGESLLTTAL &gz \is I'
gi 25155167 207 CRVTVEILDWIKnldndharicqylcEIGKQHRHlkaeg—1ssavaDLGDTIMDCArrrcgé I a Ignl I len -

Maricel G. Kann Sept.08
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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

MSA contains conserved blocks

[ oOther Related Conserved Domains: m
[HeformatSequencemignmenl] Format: | Hypadesd v Row Display: [upto 10 v Color Bits: | 2.0 bits VETb_.fpe Selection: |the mos
10 20 30 40 50 &0 70 g0
BRI RTINS VRESNs Wis YIENCE R TR, WO TR e T W R
1ASH 1 =hakvd--tar “QD::DL!?€HT:: 65
1H5DA_A 3 SAADKGNVEARWgkvg-—---—- £ 58
gi 422406 6 SDSEEXLVRDAWapili-----—- Sdlg il
gi 1730834 167 Ty 4taLECSQFYDNLI 212
gi 2105139 206 TPHQIRDVQRSWenir------ C4snALVSSIFVE 266
gi 17509143 16 KPEGRXADNQILnsy---------g 5 TVRNANREMS QKEE 77
gi 17541936 162 DXESCEVVADSWrlve a2 228
gi 17558082 37 VDDDEELARIHWig] 1086
gi 17570331 58 SPEHQELIKRS 105
gi 25155167 144 ' 206
Feacure 1
1AS5H 66 138
1HDA A 549 153"""?33?_. I I 129
i 422406 67 AGRIETIFDNCVEnvg fDi“i-i: -------- =-Ch 133
i 1730834 213 AVSECEVLDSAIDnN] E 286
i 2105139 267 IALVADRLDIMI 340
i 17509143 T8 HLOIVEFLOKWM 154
i 17541936 229 ARLFISILEISVE 307
i 17558092 107 CASLQRALM 181
i 17570331 106 VKYFVDLVQSCVDnlenletgvkp 180
mi 281BR1AT 307 ARUTURTTATUTER Andnari reul rF TEROR :a enmer TRE

Maricel G. Kann Sept.08
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Protein Sequence Conservation
Occurs in Blocks with Intervening Gaps

Protein Structure Alignment

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

Maricel G. Kann Sept.08
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Protein domain representation

‘ CDD footprint ‘

Maricel G. Kann Sept.08
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Sequence-PSSM alignment

A L G N ME N

Maricel G. Kann Sept.08
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ROC curve for GLLOBAL

Fraction of true positives

ROC 6000 ROC50000 ROC200000
GLOBAL 0.181 0.224 0.313
HMMer .cmigiobal 0.185 0.224 0.299
HMMer local 0.169 0.194 0.239
rpsBLAST 0.168 0.192 0.229

0.157 —— GLOBAL
1 HMMer-semi-global
0.10 + HMMer-local
T — = RPS-BLAST
0.05
0.00 | ' | ' | ' | ' |
0.00 0.01 0.02 0.03 0.04 0.05

Fraction of false positives

Maricel G. Kann Sept.08
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GLOBAIL Method

J678-4685  Nucleic Acids Research, 2007, Vol. 35, No. 14 Published online 27 June 20007
doi: 101093 (nar/ghkm4 14

The identification of complete domains within protein
sequences using accurate E-values for semi-global
alignment

Maricel G. Kann, Sergey L. Sheetlin, Yonil Park, Stephen H. Bryant and John L. Spouge*

MNational Center for Biotechnology Information, Mational Library of Medicine, National Institutes of Health,
Department of Health and Human Services, Bethesda, MD 20894, USA

Received December 14, 2006; Revised May 3, 2007; Accepted May 4, 2007
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AAG GCC AAU AAC u .
m = e cac rra tre = Kann's Lab
HPD Human Protein Domain Database

The Domain i> the thing. --FKann, MG

. r_rHelsrch Publication - -

HPDD, Human Protein Domain Database. is a non-redundant protein domain database compiled [rom several domain
Jatabases (hat uniquely maps all human prolein regions (o a protein domain. Our visualization touls provide a unigue
domain-level view of protein interactions, modifications and mutations (including disease mutations).

Gene ®:nome databases:

UCSC Genome
Eg: Gene ID: 37ET

- Enzembl
Searchby: |Gene D VH H submit ] Gene Eyrmbul MCHHZ
or Description : potsssium voltage-gated ¥:quence Domain Databases:
channel, subfamily H (eag-related), member 2
IntrPro
- Pfam
Protein
PROSITE
Eg:P I0v: 58117840 Frobom
- rotein 5 2
Search by: Protein 1D VH H submit ] r Description : scid lysosomal iscform 1 SMART
NEBVCDD
HFRO
Domain SUPERFAMILY
- Eg:Domain Hame : S=3pB
Searchby: | Domain Name v” H submit ] r Description : Saposin (B) Domains

Maricel G. Kann Sept.08
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HPDD: Gene Pages

GEMEID

GI: 56117840 Accession: NP 000534.3

o052 39

Metallophos

GI: 561178 42 Accession: NP_001007594.1

235 H=

Table of Domain Mapping

PROTEIN ID DOMAIN

56117840 IMetallophos
Sapb
Metallophos

Metallophos

30



HPDD: Protein Pages

_.T_.._‘r_“Re}_g‘erch : Publication * People . = C_:*q.tg'ct”ﬁ .

GI: 561178 40 Accession: NP_000534.3

52 379

Metallophos

‘ T SNP T Modification T Vari ant T Disease NMutation

GEME ID PROTEIN GI l':L:l'-SSE START EHMD EVENT EVENT ID
EE09 55117840 Disease Mutation 496 4967 ARG -= LEL oMM EDTEOS
6609 56117840 Disease Mutation 577 577 || 6Lv--SER OMIM 607608
6609 56117840 Disease 4 4 SER -= ARG OMIM 607608
EE09 56117840 Disease Mutation agz2 as2 MET -= ILE oMM EDTE0E
6509 56117840 Disease 242 242 || GLY ARG OMIM 607608 ann Sept.08
6609 56117840 Disease Mutation 323 | Asn-=SER ORI 607608 S

Pl ad T Eelfnl B B dsl Fal | g TP B Y R =M = — w O, ol AIE A= TS



Table of Mutations and Post-Translational Modifications

&5
| 9
I |
298 %6
207 GENE FRD_TEIH LASS ? START EMD
1D Gl =
10578 | 7108344 SNP 119 | 119
- . Disease . S
63 430 2a5045E67 Mutation i 230
| 5660 | 110224476  -°°F 247 o7
| Mutation = =
5660 || 110224476 | Dlsease 241 | 241
Mutation = =
5660 | 110224476 | DS%3%% | 335 || g5
T SHP T | Mutation o we
. - Disease - -
5660 | 110224476 . °°f°° 215 | 215
R - Disease — [
5660 | 110224476 . °°e° g2 || 382
DOMAIN GEME 1D HU I
SapB 10578 5660 | 110224476  p°°°%F 349 | 349
SapB 6430 Di
—_— lisease - -
SapB E430 a560 110224479 Mutation 217 217
5660 || 11022447g| Disease 241 || 241

fMutation

GI: 7108344

EVENT

=T

ARG -= CYS

THR -= ILE

CYS -= SER

CYS -= PHE

ASMN = HIS

CYS -= GLY

LEU -= PRO

THR -= ILE

EVENT ID
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Outline

O Introduction

O Sequence Similarity and the BLAST
revolution

O Protein Domains and their relevance
O Methods for Protein Domain Recognition
0 HPDD: Human Protein Domain Database

O Predictors of Domain-Domain
INnteractions
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Prediction of protein-protein ot

domain-domain interactions

O 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

m In the case of domain-domain interactions no
large scale data are available

Maricel G. Kann Sept.08
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dependent step)

Distance
Matrices

A AB
similar?
Mirrortree Method with correction for speciation:
Pazos et al..JMB (2005) Kann et al. JIMB (2008) N

Sato et al. Bioinformatics (2005) Kann et al. Proteins (2007)



Predicting Protein interactions:

Viol. 27 Suppl. 12005, pages (24745250
dai: 10 1083 bioinformaticsbHT009

lt Predicting protein—protein interaction by
o1 searching evolutionary tree automorphism space
“ Raja Jothi, Maricel G. Kann and Teresa M. Przytycka*

?

National Center for Biotechnology Information, National Library of Medicine,
Bl timpen el feme ity steme o Edmn ity Dot eeedn BAM QOO0 | A

FWILEY PROTEINS: Structure, Function, and Bioinformatics 67:811-820 (2007 )
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Predicting Protein Domain Interactions From
Coevolution of Conserved Regions

Maricel G. Kann, Raja Jothi, Praveen F. Cherukuri, and Teresa M. Przytycka™

Department of Health and Human Services, National Center for Biotechnology Information,
National Library of Medicine, National Institutes of Health, Bethesda, Marviand 20894
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1. Identify binding
neighborhoods map
them onto MSA

randomly selected

2. Compute
vector of pair-
wise distances

3.Subtract
speciation (s) Ef

~ % HilE

4. Compute
correlations

5. Compare results
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Predicting domain-domain interactions:

Correlated evolution of interacting proteins:

looking behind the mirrortree

Maricel G. Kannl, Benjamin A. Shoemaker:, Anna R. Panchenko and Teresa M.
P‘l'zyt‘j,-'»:'lm1
'Department of Biological Sciences, University of Maryland, Baltimore County, MD 21250,USA.
*National Center for Biotechnology Information. National Library of Medicine, National Institutes

of Health, Department of Health and Human Services, Bethesda, MD 20894, USA.

Corresponding authors: M.G. Kann (mkann@umbe.edu) and T.M. Przytycka

Please ask for reprints (just accepted for publication in the
Journal of Molecular Biology)
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Protein interactions and disease:
computational approaches to
uncover the etiology of diseases

Maricel G. Kann

Submitted: 9th April 2007; Received (in revised form): &th June 2007

Abstract

The genomic era has been characterised by vast amounts of data from diverse sources, creating a need for new
tools to extract biologically meaningful information. Bioinformatics is, for the most part, responding to that need.
The sparseness of the genomic data associated with diseases, however, creates a new challenge. Understanding
the complex interplay between genes and proteins requires integration of data from a wide variety of sources,
i.e. gene expression, genetic linkage, protein interaction, and protein structure among others. Thus, computational
tools have become critical for the integration, representation and visualization of heterogeneous biomedical data.
Furthermore, several bicinformatics methods have been developed to formulate predictions about the functional
role of genes and proteins, including their role in diseases. After an introduction to the complex interplay between
proteins and genetic diseases, this review explores recent approaches to the understanding of the mechanisms of
disease at the molecular level. Finally, because most known mechanisms leading to disease involve some form
of protein interaction, this review focuses on the recent methodologies for understanding diseases through their
underlying protein interactions. Recent contributions from genetics, protein structure and protein interaction
network analyses to the understanding of diseases are discussed here.
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Kann’s Computational Biology lab.

Current members:
Attila Kertesz-Farkas (postdoc)

Grad. Students: Undergraduates:

Michael Martin (PhD/Rotation) Ivette Santana-Cruz (BS, Bioinf)
Trevor Suznick (BS/MS, Bioinf) Joy Adewumi (senior, CS)
Yanan Sun (MS, 1S) Mike Povolotzky (junior, Bioinf)
Diana Reginf (MS, 1S) Richard Blissett (soph, Bioinf)

Methzli Rodriguez (soph, CS/Bioinf)
Asa Adadey (soph, Bioinf)

Past members:
Brian Bennet (Bionf)
Andrew Winder (CS)
Chris Alexander (Biology)
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Kann’s Computational Biology lab.
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CBIG: Computational Biology Interest Group

O CBIG: a forum for exchanging ideas and
Initiating collaborations between groups, Iin
particular experimental and computational.

m 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
chig@lists.umbc.edu

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