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Sequence-Sequence Alignment

« Smith-Watermann
* Needleman-Wunsch

Sequence-Structure Alignment

*Threading
Hidden Markov
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Sequence Alignment & Dynamic Programming

Smith-Waterman alignment algorithm
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Blosum 40 Substitution Matrix
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Protein Structural Relationships

Can protein structural relationships help us to understand
evolutionary dynamics?

Is there a connection between evolutionary events and changes in
protein structure?

What 1s the effect of gene duplication, horizontal gene transfer,
and other evolutionary mechanisms on protein shape?

Substitution Indel Domain Insertion

SRl

O’Donoghue and Luthey-Schulten, UIUC 2003
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Sequence Alignment & Dynamic Programming

Needleman-Wunsch aligenment algorithm
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Needleman-Wunsch Global Alignment

Similarity Values Initialization of Gap Penalties

http://www.dkfz-heidelberg.de/tbi/bioinfo/PracticalSection/AliApplet/index.html



Filling out the Score Matrix H
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http://www.dkfz-heidelberg.de/tbi/bioinfo/PracticalSection/AliApplet/index.html



Traceback and Alignment

The Alignment

Traceback (blue) from optimal score

http://www.dk{z-heidelberg.de/tbi/bioinfo/PracticalSection/AliApplet/index.html



Energy Landscape Theory of Structure Prediction
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Protein Structure Prediction

1-D protein sequence 3-D protein structure

ADb Initio protein folding
SISSIRVKSKRIQLG.... >

\ Sequence Alienment /

Target protein of unknown structure — SISSRVKSKRIQLGLNQAELAQKV------GTTQ---

of known structure

Sequence Aligenment: the Energy Function

E= Ematch tE — Egap:

gap

E

match:



Threading: Sequence-Structure Alignment

Target sequence threading alignment
between target and scaffold
*—o—0—0 0 - >

A, A, A A, AL

Threading Energy Function
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R. Goldstein, Z. Luthey-Schulten, P. Wolynes (1992, PNAS)



Gap Penalties -
~_ Dastribution
of Gaps

E,, =kTlog(p, )

Sequence-Structure Gap Energy Insertion Deletion
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R. Goldstein, Z. Luthey-Schulten, P. Wolynes (1994) Proc 27" Annu Hawaii Int Conf Sys Sci:306.




Similarity Measures

Sequence [dentity

fraction of identically
matched residues

S = Nmatch

sequence length

Q “Structural Identity”
fraction of native contacts

_ 2
¢ (N ALN —DV ALN




A summary of Energy Landscape Theory

Energy [Landscape Theory , R A | i
= - - Eﬁt‘-?%._"—‘-.—"*rEntmpv—f—_:"—f’--

‘ ! .f' 4

When <6ES/AE> iSs maximum
the energy landscape is optimally funneled.

Optimization over an Ensemble of Folds
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>
g
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>\ molten globule o
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€ ) (’)
native states Energy Enat ' Native Structure

Onuchic , Luthey -Schulten, Wolynes (1997 ) Annu. Rev. Phys. Chem. 48:545-600.
Koretke , Luthey -schulten,Wolynes( 1996) Prot. Sci. 5:1043



Homology Modeling - Threading
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Distance Cutoff, A
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Results from CASP5
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The prediction is never better
than the scaffold.

Threading Energy function
requires improvement.



You are now entering the twilight zone
of sequence identity. We need
profiles!

Watch for Bioinformants!!!



Profiles — Evolution Revisited

* “What molecular sequences taught us 1n the
1960°s was that the genealogical history of an
organism 1s written to one extent or another
into the sequences of each of 1ts genes, an
insight that became the central tenet of a new
discipline, molecular evolution”

 Woese (PNAS, 2000) Pauling (1965)



Universal Tree

Bacteria Archaea

Euryarchaeota

Crenarchaeota

Eucarya

Animals

Fungi

Plants

The Universal Phylogenetic Tree inferred from comparative analyses of

rRNA sequences: Woese(PNAS, 1990)



Horizontal Gene Transter

Bacteria Archaea  Eucarya

| v Full Canonical

increasing
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Basal Canonical

Non-Canonical

O’Donoghue and Luthey-Schulten, UIUC 2003



Multiple Sequence Alignments

* “The aminoacyl-tRNA synthetases, perhaps
better than any other molecules in the cell,
eptiomize the current situation and help to
under standard (the effects) of HGT” Woese
(PNAS, 2000; MMBR 2000)



Standard Dogma Molecular Biology

e DNA »RNA >Proteins

e Role of AARS? /

* Charging of t-RNA
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[LLeuRS Canonical Tree

S. cerevisiae L

B P. aerophilum L

M. thermoautotrophicum L
P. horkoshii L

_I:-——M jannaschii L
A. fulgidus L
_‘_— S. pyogenes L

E. faecalis L

B. subtilis L

tepidum L
‘l_—(: M. tuberculosis L
T pallidum L
P. gingivalis L
B. burgdorferi L
——— C. trachomatis L

r"—— M. genitalium L
—wm pneumoniae L

C. acetobutylicum L
D. radiodurans L
T mantima L
A. aeolicus L
Synechocystis sp. PCC 6803 L
H. pyloni L
R prowazekii L
R capsulatus L

—— B. pertussis L
r N. gonormhoeae L
_I_ P. aeruginosa L
E.coli L
20 changes —E H. influenzae L

Woese, Olsen (UIUC), Ibba (Panum Inst.), Soll (Yale) Micro. Mol. Biol. Rev. March 2000..




D,N Sequence Phylogenetic Trees

M. jannaschii D

M. thermoautotrophicum D

A. fulgidus D

P. horikoshii D

P. aerophilum D

D. radiodurans D2

S. cerevisiae D
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E.coli N
B. subtilis N
P. aerophilum N
P. furiosus N

__: S. cerevisiae N
H. sapiens N
|__ M. genitalium D

M. pneumoniae D
__l———D_ radiodurans D1
T. thermophilus D
S. pyogenes D
E. faecalis D
B. subtilis D
C. acetobutylicum D
P. gingivalis D
E.coli D
H. influenzae D
P. aeruginosa D
B. pertussis D
N. gonorthoeae. D
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H. pylori D
C. trachomatis D
T. maritima D
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B. burgdorferi D
T. palidum D

M. tuberculosis D

C. tepidum D

R. prowazekii D

C. crescentus D

20 changes R. capsulatus D

Woese, Olsen (UIUC), Ibba (Panum Inst.), Soll (Yale) Micro. Mol. Biol. Rev. March 2000 ¢ o



Fold Motifs of AARSs

Class I Lysyl-tRNA Synthetase Class II Lysyl-tRNA Synthetase

O’Donoghue and Luthey-Schulten, UTUC 2003



Structure Conserved More than Sequence
Structural Overlap of Class II AARS

Conserved helices




Subset of Class II Structural Tree

structure-based phylogenetics

sequence-structure

overlap
sequence-based phylogenetics
QR SCOP res (1&) substrate
Ky 23 dibbwa2 270 apo
—431 dilyb2  2.80 R
Da L——6 diefoa2 212
—N 17 d1b8aa2 1.90 ATP
14 di1sca2 2.65 N-AMP anzqug
9 dtasza2 3.00 ATP, tRNA"
_:: 39 dieqre3 2.70 } -
36 dlegra3 2.70 p

45 d1c0aa3 2.40 As
— _:22 di2a3  2.60 } D-AMP, tRNA™"
Db 15 dleqrb3 2.70 apo
34 diefwb3 3.00 Asp
—L__15" diewas 200 } (RNA
38 digh1a3 2.40
U, d1g51b3 2.40 } D-ANE
[ 1 1 [ 1 [

0.4 0.5 0.6 0.7 0.8 0.9 1.0
Qy (structural homology)

O’Donoghue and Luthey-Schulten, UTUC 2003



Ancestral
KH—D AARS



Novel Evolutionary Connections from Sequence and Structure

Canonical Pattern Canonical Pattern + A >B Basal Canonical Gemini

DEFLWY IHPM VTAR K,K,CSGNQ
B E B :
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Horizontal transfer after
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>

sequence-based phylogenetics

QR SCOP res(/&) substrate
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ﬂpO
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M. jannaschii D
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A. fulgidus D
P. horikoshii D
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D. 1s D2

S. cerevisiae D
H. sapiens D
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Db B. subtiis N
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34 diefwb3 3.00 } Asp P. furiosus N
3 defwa3 300 J RNA S. corovisiae N
E38 dig51a3 2.40 H. sapiens N
24 d1g51b3 2.40 } D-AMP —‘—i_— M. genitalium D
1 1 1 1 1 1 M. pneumoniae D
0.4 05 0.6 0.7 0.8 0.9 1.0 D. radiodurans D1
T. thermophilus D

Qy (structural homology)

S. pyogenes D

E. faecalis D

B. subtilis D

C. acetobutylicum D

P. gingivalis D

E.coli D

H. influenzae D

P. aeruginosa D

B. pertussis D

N. gonorhoeae. D
Synechocystis sp. PCC 6803 D
H. pylori D

C. trachomatis D

T. maritima D

A. aeolicus D

B. burgdorferi D
T. pallidum D

M. tuberculosis D

C. tepidum D

R. prowazekii D

C. crescentus D

Ancestral

O’Donoghue, Luthey-Schulten, UIUC 2003 Ki-D AARS
Woese, Olsen (UIUC), Ibba (Panum Inst.), Soll (Yale) Micro. Mol. Biol. Rev. March 2000..

20 changes R. capsulatus D



Gap Distribution Functions

Length Gap Distribution Function

0.5
0.4
A\
03k o Averag_e distribution
— Texpfit
P(l ) 0.2 — 4expfit

01r

0 | 1 | a0 oA Ay Vi N & N &
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
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log(P()
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[, gap length (residues)

— P, (1) = a, *exp(=b,])

| 4
- Ensertion (l) = Z Cf * exp(_ Dzl)
i=1

B. Qian & R. Goldstein. (2001) Proteins 45:102.

Spatial Gap Distribution Funciton
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Structural Alignment Methods

« PDB - Structural Neighbors — CE
(Bourne)

« Stamp - Russell



STAMP

Multiple Structural Alignments

1. Initial Alignment

e  Multiple Sequence alignment

« Ridged Body “Scan”

2. Refine Initial Alignment & Produce Multiple Structural Alignment

—~d%/2E —s2/2E
_ iy 1 i 2
(G T

probability thatresidue i on structure A is equivalentto residuej on structure B.

dij -- distance between i &j

Sﬂ -- conformational similarity; function of rms bewteen i-1,1, i+1 and j-1, j,j+1.
*Dynamic Programming (Smith-Waterman) through P matrix gives optimal set of equivalent residues.

*This set is used to re-superpose the two chains. Then iterate until alignment score is unchanged.
*This procedure is performed for all pairs.

R. Russell, G. Barton (1992) Proteins 14: 309.



Multiple Structural Alignments

STAMP — cont’d
2. Refine Initial Alignment & Produce Multiple Structural Alignment

Alignment score: S, L,—i, L —ig
© LP LA LB
Sp - Z Py
aln. path

L L L -- length of alignment, sequence A, s quence B
p>~4>4B gt gn qu qu

Il -lengthofgaps in A and B.

Multiple Alignment:
*Create a dendrogram using the alignment score.
*Successively align groups of proteins (from branch tips to root).
*When 2 or more sequences are 1n a group,
then average coordinates are used.
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SerRS T. thermophilus
ProRS T. thermophilus
ProRS M. thermoautotrophicus
SerRS T. thermophilus
ThrRS E. coli

ProRS T. thermophilus
ProRS M. thermoautotroph.
SerRS T. thermophilus
ThrBS E. coli

ProRS T. thermophilus
ProRS M. thermoautotroph.
SerRS T. thermophilus
ThrBRS E. coli

ProRS T. thermophilus
ProRS M. thermoautotroph.
SerRS T. thermophilus
ThrRS E. coli

ProRS T. thermophilus
ProRS M. thermoautotroph.

ThrRS E. coli

O’Donoghue and Luthey-Schulten, UIUC 2003



Stamp Output/Clustal Format

SerRS-T thermophilus
ThrRS-E _coli
ProRS-T_thermophilus
ProRS-M_thermoautotrophicus
space

SerRS-T thermophilus
ThrRS-E coli

ProRS-T_ thermophilus
ProRS-M_thermoautotrophicus

SerRS-T thermophilus
ThrRS-E coli
ProRS-T_thermophilus
ProRS-M_thermoautotrophicus
space

SerRsS-T_thermophilus
ThrRS-E coli
ProRS-T_thermophilus
ProRS-M_thermoautotrophicus

SerRS-T_thermophilus
ThrRS-E coli

ProRS-T thermophilus
ProRS8-M_thermoautotrophicus
space

SerRS-T_thermophilus
ThrRS-E coli

ProRS-T thermophilus
ProRS-M_thermoautotrophicus

VGGEEANREIKRVGGPPEFSFP—-P--LDHVALMEENGWWEPRISQVSGSRSYALKGDLA
————————————————————————— R--DHRKIGKQLDLY-HMQ-EE-APGMVFWHNDGW
———————————————— KGLTPQSQDFSEWYLEVIQRKAELAD-YG—-P-VRGTIVVRPYGY
———————————————————————— EFSEWFHNILEEAEIIDQRY--P-VKGMHVWMPHGE
—--8GGG-EEEEEES————- SS——————— HHHHHHHHT-B-TTHHHHH-8S—--B-THHH
————————————————————————————— HHHHHHHTT-E-E-—-TT-STT--EE-HHHH
_____________________ HHHHHHHHHHHHHHHTTSEE-E-—-S-STT-EEE-HHHH
————————————————————————— HHHHEHHHHHHHTT-EE-——=-S5-STT--EE-HHHH

LYELALLRFAMDFMARRGFLPMTLPSYARER-AFLG-TGHFPAYRDOQVWATA————— E-—-
TIFRELEVEFVRSKLKEYQYQEVKGPFMMDRV-LWEKT-GHWDNYKDAMETTS-—-—-S-EN
ATWENIQOQVLDRMFRKETGHONAYFPLFIPMSFL—=——=—=—=—=—=—— FSPELAVVTHAGGEELE
MIRKNTLKILRRILD-RDHEEVLFPLLVPEDE-LAKEATHVKGFEDEVYWVTHGGLSKLQ

HHEHHHHHHHHHHHHHHTT-EEEE--SEEEHH-HHHH-HT-TTTTGGGS-B-T————- T
HHHHHEHHHEHHHHHHHTT-EE-—---SEEEHH-HHHTT-THHHHHGGG--EEE-—--E-TT
HHEHHHHHHHHHHHHHHTT-EE-—--SEEESTT—-———=———————— TT--EEEE-SSSEEE
HHEHHHHHHHHHHHHT-TT-EE-—---SEEEHHH-HTTSHHHHHHTTTT--EEEEETTEEEE

TDLYLTGTAEVVLNALHSGEILPYEALPLRYAGYAPAFRSEA--GSFGRKDVRGLMRVH-0Q
REYCTKPMNCPGHVQIFNQGLKSYRDLPLRMAEFGSCHR--NEPS—--G-SLHGLMRVR-G

EPLAVRPTSETVIGYMWSKWIRSWRDLPOLLNOQWGNVVRW—-E-—--M-RTRPFLRTSE-
RKLALRPTSETVMYPMFALWVRSHTDLPMRFYQVVNTFRY-ET-—--K-HTRPLIRVRET
SSEEE-S-THHHHHHHTTT-EEEGGG-SEEEEEEEEEE—————— S--SSTTTTTTS-S-E
EEEEE-S-SHHHHHHHHTSS--BTTT-SEEEEE--EEE—————- G--G-G-BTTTB-S-E
EEEEE-S-SHHHHHHHHHHH--BGGG--EEEEEEEEEE————————— 8-8-BTTTB-SE-
EEEEE-SSSHHHHHHHHHHH--BTTT--EEEEEEEEEE————————— 8-—-BTTTB-SEE

O’Donoghue and Luthey-Schulten, UIUC 2003



Examples of Useful Web Tools

Genomes — Sequence and Gene Information
Domain Architecture

*Multiple Sequence Alignments

*Phylogenetic Trees

«Structural Databases

*Hidden Markov Methods



Protein coding genes distribution map

To see map locations of genes, click on aregion in the map,

to Zoom in on that region
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Qrganism: Methanocaldococcus jannaschii
Genetde Code: 11

Gene Classification based on COG functhonal catesories

Translation, ribosomal structure and biogenesis
Transcription

IHA replication, recombination and repair

Cell divi=sion and chromosomne partitioning
Posttranslational modification, protein turnouver
Cell ermelope biogenesis, outer membrane

Cell motility and secretion

Inorganic ioh transport and metabol ism

Sighal transduction mechanisms

Energy production and conversion

Catbohwdrate transport and metabol ism

Amino acid transport and metabolism

MHuzleotide transport and metabolism

Cosnzwvme metabol i=m

Lipid metabolism

Secondary metabolites bioswnthesis, transport ar
Gerieral function prediction onlw

Furctian unkhowmn

Mo COG match

Lineage: Archaea; Euryarchaeota; Methanococci; Methanococcales;

Methanocaldocococaceae; Methanocaldocooous.

Complete genome sequence of the methanogenic archaeon, Methanococcus

jannaschii

Bult,C.J., White, O, Olsen,G.J_, Zhou, L., Fleischmann BT, Sutton, 3.5, Blake, J. A,
FizGerald, L. M _, Clayton, R A, Gocayne, ] I, Kerlavage, A R, Dougherty B A |
Torb,].-F., &dams M.D._, Beich, C.1., Qverbeek R, Kitkness E.F., Welnstock K.G_,
Merrick,J. M., Glodek A, Scott,]. D, Geoghagen, N. 5., Weidman,I.F._,
Fuhrmarn, I L., Meguyen, D.T., Utterback, T., Kelley,].IW., Peterson,].D., Sadow PV,
Hanna M.C_, Cotton,M.I0_, Hurst, M. A Roberts K. M., Kaine B B., Borodowsky, .,
Klenk H.P., Fraser,C_ M., Smith H.O., Woese C.R. and Venter, J.C.

Science 273 (5278}, 1058-1073 (1996)
06337999

NCBI: Genomes



Charging the tRNA

Direct acylation

Glutaminyl-tRNA
GIn + tRNAGIn + ATP ~ GIn-tRNAGIN + AMP + PP;

synthetase

tRNA-dependent amino acid modification

Glutamyl-tRNA
Glu + tRNAGIn + ATP ~ Glu-tRNAGIN + AMP + PP;

synthetase

Glu-tRNAGIn
Gin + Glu-tRNAGIn + ATP — — GIn-tRNAGIn + ADP + P;j + Glu

amidotransferase

Woese, Olsen (UIUC), Ibba (Panum Inst.), Soll (Yale) Micro. Mol. Biol. Rev. March 2000..
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Comiments

Report from SWISS-PROT

o CATALYTIC ACTIVITY: ATF + L-aspartate + tENACAsp) = AWMFE + diphosphate + L-aspartyl-tEN
o COFACTOR: Binds 5 magnesium ions per subunit (By sémilarity).
o SUBCELLULAR LOCATION: Cytoplasmic,

o SIMILARITY: Belongs to class-1I aminoacvl-tENA svnthetase family.

Copyright

This EWISE-PROT entry is copyright. [tis produced through a collaboradon between the Swiss Institute of Bioinformatics a
outstation — the European Bioinformatics [nstitute. There are no restricdons on itz use by non-profit institudens as long as its
modified and this statement is not removed. Usage by and for commercial entdes requires alicense agreement (See

http /ey ish— sib. ch/announce/ or send an emnail to licensedish— sib.ch)

Cross-references

EMEBL
Fesk

HAMNAF

InterFro

Ffam

FEINTS
TIGEF A
FRGSITE
FroDom
HOBACGEN
BLOCEKES
Frotollet
Frotoldap

ABO10464; BAAZIAST ] - [EMEL /GenBank fDDBI) [CoDingsequence]

Q52428; 1B8A. [HS5F ENTREY /FDE]
MF 00044; —; 1.

FEIL [Family / Alighment / Tree]
[PROOAS23; Asps_arch,

[PEROOA364; tRINA-gymt_2.

[PEO0Z31 2 tRIN A-gvnt_asp.
[PEOOA365; tRINA _anti,

[FEOOE135; tRNA_ligase_II.

Graphical view of domain structure.

PEOO1S2 tENA-svnt_2: 1,
FPEO1336; tENA_anti; 1.

PRO1042; TRNASYNTHASP.

TIGRO0A5E; asps_arch 1.

P250862; AA TRNA LIGASE IL 1.

[Domain structure / List of seq. sharing at least 1 domain]
[Family / Alignment / Tree]




PFAM Report

Representative tRNA-synt 2 family proteins

This family may contain orerappdng domains, o change the graphical view click hana

SYDC YEAST [Sacchararmyces cefevisiae (bakar's yveast)] aspaty-tma synthetase, cytoplasmic (2o 6.1.1.12) [asparate--tmaligasa) (asprs)

= D "

S D CAEEL [Caenorhabditis elegans] aspamyk-tma synthatase [ec@.1.1.12) (aspatate——tma ligase)[asprs)

o (D

S¥D HUMARN [Harna sapiens (human) aspamy-tma synthatase (ec@.1.1.12) [aspanata—-1na ligasa)asprs)

— -

SYD RAT [Rattus noneqicus [fat)] asparty-tma synthetase j@c8.1.1.12) [aspatate—-tma ligase)asprs)

— - .



‘Multiple Sequence Alighment

CLUSTALW: Multiple Sequence Alignment[help]

General Setting Parameters:

Qutput Format: | CLUSTAL =

Fairwise Alignment: SFAST/IAPPROXIMATE <SLOW/ACCURATE

Enter your sequences (with labels) below (copy & paste): QdPROTEIN <.DNA

support Formats: FASTA (Pearsory, NEBEF/FIR, EMEBL f5wiss Prot, GDE, CLUSTAL, and GUG/MEE

Or give the file name containing your query

Execute Multiple Alignment

Reset




Sequence Dendrogram from Clustal

TATI _A_
1ADJ _C.
—— 1BBW_A
= TEQR B
— TEFW_A
— 1H8A_A.

TASZ _A

Luthey-Schulten, UIUC 2003



Phylogenetic Tree 1in Tutorial

Molecular Phylogenetic Tree
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Protein (pbd code)

Pogorelov and Luthey-Schulten, UIUC 2003



Structural Classéification of Froteins

=1 Sl 1/ | =&
i ] .-::E:- 1 ‘) 11:7, E EV 1 fl&=_ { i
>J} iow i 8 E §=_uﬂi— i

" r . STTTIC PFETIVETNT I PPTTee |

Protein: Aspartyl-tRNA synthetase (AspRS) from Escherichia coli

Lineage:

Root: scop

Class: All beta proteing

Fold: OB-fold

barvel, closed or partly opened n=3, S=10 or 5=8, preek—key

superfamily: Mucleic acid-binding proteing

Family: Anticodon-binding domain

barrel, closed; n=5, 5=10

Frotein: Aspartvl-tENA synthetase (AspRE)

this is N-terminal domain in prokaryotic enzymes and the fivst “visible” domain in enkaryotic enzymes
7. Species: Escherichio coli

PDB Entry Domains:
1, 1c0a EREEIR]

1. region al-106 EEREL]
2 a“n 4 E

complexed with fmg, Jme, Jmi, amo, R2u, psi, sod
1. region a:l-106
2. region bi1001-1106 ENEHL]

3, *@;

complexed With mg
1. region a:l-106
2, region bi1-106
3. regionc1-106

L b=

L b

=




Alignment in MOE

Builder.
Itimimd

Delete..

Clozge.
Distances. i
Anglas.

Ditiadrals

Remave

= Sequence Editor
File Edil Selection Homology Measure Display Window Help

T e

UIluunls....||...

B T T Tt

7 T
: 5 o 15 - 20 B - o =

1 VAL-LEU-PRO-LEU-ASP-SER- ASH-HIS—VAL—ASN- THR- GLU- GLU-ALA-ARG- L BU-LYS- TYR- ARG- TYR-L EU- ASP-LEU-

| THE-PRO-PRO-PHE-FRO- VAL - ASP- ALA- GLY- TRP- ARG~ GLY- GLU- GLU- BLU-LYS- GLU-ALA- SER- GLU- GLU- L EU- ARG~ L EU-LYS- TYR- ARG- TYR-LEU- ASF-LEU-
i

= : B R R R R O I I R R R R R R R RO . .:

Fot: [ Scalar1 [ Scalar2 [ Scalar 3




Alignment in MOE

— MOE-Align |

— MOE-Align |

Initial Pairwise Build-up: [l Substitution Matriz: blosumd0 w

Round-robin: [ Gap Start: |12
Gap Extend: | Z

Chain Selection:| align | freeze |partition | ignore

Build—up:ltree—hased progressive
Iteration Limit:| 100 Failure Limit: |10

Secondary Structure:| none  actual | predicted |

Iterative Refinement: [

Structural Alignment: | Enable Structural alignment
[7 Superpose Chaing

Gap Start:|1 Gap Extend:|0. 1

Initial Pairwise Build-up:[ Substitution Matriz: blosumd0

Round-robin: [ Gap Start: |12
Gap Extend: | Z

Chain Selection:| align | freeze |partition | ignore

Build—up:ltree—hased progressive
Iteration Limit:| 100 Failure Limit: |10

Secondary Structure:| none  actual | predicted |

Iterative Refinement: [

Structural Alignment: [l Enable Structural alignment
[7 Superpose Chaing

Gap Start:|1 Gap Extend:|0. 1

Ok Cancel

Ok Cancel




Transmembrane Proteins - HMM

Example Bacteriorhodpsin — Anurag Sethi UIUC



Stamp Proftile

d116ha_3 HunTmprwvwsrmﬁwasppnapunr.mpuupsn[AHHF|[ GFPPENFLTLYVTVQH
B F oo e e e e D e R-ENALLS H\'AL}ILIF MGRT--IR
d19gja_l ==-mmmm e m e HVEL LF cAlCEMCTLAR A AGRD - - 4G
d1l%ha_3 HHLHTPL}?‘I’ILIFL?EDLFH GERTTTLYTSLAGYFY-F------mmm e - - - GPTGCNL
d1e1Za PG---APRLIFCATEE T PLESH- 557 LGHL 3 TVGHJENPAGHALAJENVA - -S0WG
dijgja_1 E—---ﬂﬁnnvhu G156 H.ﬂ.—'.l'l'f.'.'.l'lﬂ. ----- b rsl.n'?l --------- I-};ﬂ'r--ww

ﬂl# sLf-
[..ll Lz
‘EF-LH

AAFPLVGW
TIZ'r ==LA
.Fl.E'r --Fk

d119ha_3 E FF A
dle12a Tl.u:.
dijgja_1 |:|l..1

d119ha_3 SRYIFPEGMQCSCGIDYY- EHEETHEiIF'i'I'E'HF'NHﬁI?IFF -CYQ-ULVFTVEEAARAT

AIERYVVWCEKPHENFRFOGENHA FTUVR:EC
P Doemm FTVIAAD
Mommmmm e G---- DEHEF.I?ITIH

d1e1Za A M-=TT CA-F SALVTOW-BAGE-3
dijgja_1 RA=--=-------- M--VP .w A YYLYGPM-TESA-S--c-=====-

dil9ha_3 TOKAEKERT |1| M.:: AGVAF-Y-IFTHOGD-FGPIFHRIPAFJAE-TJJAVYNE
dlalla --84--GTAE DTL LTVVL PINWARGVE--G AEIEII'-'I].'. HAYSVLDEFAEYV

dljgja_1 I]P.E-E-L’II]{S RLAKLTVVL |l.1' F.'HL PF- -G F‘T'i'EI'i'J.LI'i'l]_ 'lf.B."l.fl}

diel2a  FELLAWEAK-------o oo 714 A )Y R ——

dil9ha_3 VEYEH-BEEQFRKCHMVYTTLCCGENPLGDST - -TVSKTETSOY -APA------—- -~
dijgja_.l FRALDA-AAd--cccccccccccnnncscccssccss s csssccscccannnanas

Sethi and Luthey-Schulten, UIUC 2003



Building HMM HMM.982259 ..
Selected Option for HMIM Model HMIM.982259: build

HMMEERZ .0 [2.2d]
NAME inclustal

LENG 370

ALPH Amino

EF no

C3 no

MAP ves

COM Jusr/ local/bin/hrmbuild fbio/tmpd inclustal (982259 . hrn Sbhio/tmpd inclustal. 932259

N3EQ 3

DATE 2un Jun &8 15:12:11 2003

CEITM 1057

T —-3455 -4  -1000 -1000 -32455 -4 -g455 -4

NULT -4 -—-8455

NULE L= L a5 338 -294 453 -1158 197 249 90z -1085 -142

HMH A C D E F x H I K L Jul )

n— =10 m—=>1 - i—->m i-=1 d-=1m d-=>d bh-=>m m—>e
=1-2 ¥ —-1622

1 -1029 -1038 -=-2z200 -=-19:28 -323 =2073 -=-1373 319 -1471 569 4218 -=-1777
- -149 =500 233 43 -381 399 106 —-626 210 ol 1=1=] =720 275
- -31 -2105 -=-7147 -894 -1115 =701 -1378 =567 w
2 -70e -1410 -63 -215 -1546 -1134 -697 -—-Z2058 =581 -2198 -1604 3525
- -1419 =500 233 43 -381 399 106 -BZ6 210 -466 =-7Z0 275
- -31 -s5105 -7147% -594 -1115 =701 -1378 * *
3 -855 -1188 -14:21 -1805% -Z25a7 3376 -1671 -=-2629 -18546 276l -=-2202 -1433
- -149 =500 233 43 -381 399 106 —-626 210 ol 1=1=] =720 275
- -31 -e105 -7147 -894 -1115 =701 -1378 * *
4 -101 -603 -1245 -1124 -1643 916 -111& -943 -1033 -14352 -944 -209
- -1413 -50aa 233 43 -381 Kp=l= 106 -6BZ6 210 -466 =-7z0 275

= =431 -—-&al085 -714% -g94 -31115 =701 -—-1378 * *




HMDMer Profile-Profile Alignment

d119%ha_3 MNGTEGPNFYVPFSKKTGVVRSPFEAPQYYRAEPVOFSHNLAAYNFLLINLGFPRNFLTLYVTVQH

QLAIZN e v - R-ENALLSSSLUENVALAGERILEFEYNGRT-- IR
QLA 1 S E S L L R S R A--Q-J-TGRPENIVLALGTALMGLGTLYFVKGNG-VSD
A e e N e AR R S MR e L MVGLETLFVLGATGMLJGTLAFAWAGRD-A-G
d115%ha_3 KRLATPLEYTILLNLABADLFMEFG LYTSLHGYFV-F GPTGCN
die12a”  PGE----PRLIGGATHE! P LS §S Y LGLL-—--—-- SGETRGMEENPAGHALBGENVA--3QW
dlat9_ 1 P-D----AJEFYAITTREPALIAF -EMYLEML- - - LGYGETMVPF-————- GEQNP - -[W
dijgja_.1 5-G ERGYYVTLRGISGIAA V.‘(AVHA [.G.GHVP\' AERT Vv

diat9_ 1 RYADWEFTTPL-BLLD-LL®--V----- - D----ADQ

dlel2a RY@TWALETPE-BLLA-LGLM--A- oo D----§ TV IMADEGNCYTG-L-
ABBADGIMEGTG-L-
dijgja.1 PRYPOWELTTPL-BEYF-LGI

d119ha_3 LEGFFATLGGERANW-SLE- AIER'{‘IVVCKPHSNFRFGEHHGIHG FTUYNARACAAPFLYG
F
L H |

A G BOSREFRIVITLETVVRLAG-F

d110ha_3 WSRYIPEGMGCSCGIDYYPHEETNNERFVIYNFYVHF IJPLIVIFF-CYG-QLY-FTVKEAAAL
dle12a  AA----------- M-TTHAL- - LEREAFPATSCA -FFJMBLSALVTDE-AAS--AS--—————-
dlat9.1 VGA--cceeaaaan L-T-KVY--SHREVERATSTA - ANEYRLYVLFFGR-TSK--Aeceaaaaas
dijgja_1 AGA-------—--- M-V-P-G--IERAL AV-AFIGHYYLVGPN-TES--AS--------
d119ha 3 TTQ-KAEKEVTREVIEEEVIAFEECELPEACYAF-Y-IFTHQGED-FCPIFMTIHPAFFAK -EAVY
dlei2a  ----SA--GTAEMFDTLRVLTVVLELEMPEVVARCVE--GE-ALVOEVCATEVARSVLDVFAKYV
diat9_t  ---ESMRAPEVASTFXELANETVVLESEGrRvVLEGSE- -GA-JEV-PLUGETHL B VLD VEAKVG
dijgja 1 ---0-ASSCEXSEERLRNLTVVLEATHPFEVLEGPP - G- ALY-e TRV AL IR YLOGV TR VG
d119na_3 NPVEYE--Y-JVrFRECMVTTLCCGENPLGDS--TTVSKTETSOVARA

dlei2a  FRFELL- -RWEAN

ERTV AV
dlat9_ 1 FGLELLASRA-I-Frvvreeeeeeeeeenn- A s Al
dijgja 1 FOFEALD - -A-A-A-n-m oo oo

Sethi and Luthey-Schulten, UIUC 2003



d11%ha_3
diel2a

dljgja_1

1ATS__ _BACTERIO

d119ha_3
diel2a
dljgja_
1ATS

BACTERTJ

d119ha_3
dlel2a

diljgja.1l

1ATS BACTERIO

d119ha_3
dlel2a

dljgia_l
1ATS___BACTERIOD

d11%ha_3

dlel2a

dijgja_1
1AT9___BACTERIO

d11%ha_3
diel2a

dijgia_1
1AT9___BACTERIO

d11%ha_3
diel2a

dijgja_

1ATS, BACTERID

Clustal Profile-Profile Alignment

NNGTEGPNFYVPFSHKTGVVRSPFEAPQYYLAEPWQFSNLAAYMFLLIEMGF
------------------------------ R-ENALLSESEWENEALA
--------------------------------- VoL LFWLEA TGN LEGTLAF
.............................. ARETCRPEWEWLENGTALECE
VTVQHKKLRTPLUYILLULA AD] FNRFGEEMTTLY TSLHGYRV-F
T--BRPG---RPRLIPGAT SSYLGLL ----- s--cu]c EMPAGHALA]
D--AGS----GERJYYVTL G'SGIAA Y 77777 L--CECWVPR---------
GNGESDP - - -DARRFYATTTEPATAF EGLTRVFFG
-~ -GPTGCNLEGFFATLGGERARY-SLE- LAIERYVVVC(PFS"FRFGE‘(H
u«vu--sau.nv uurv LLA-LORL-A---oao o D---- H‘l
~ERT-- 't'PR" LTTPL-BEYF-LG L A ------------- G----§DSREFEIV
GEQNP| v|avmu FTTPLLELDLALI ADQGEEL AR
w ACAAPPLVGMSRYI PEGNULSLGIDYY Hsarwzlrvmvrvvn PLIVE
cm‘v G--LAJA-----——---- N- L--L§ ISCA-F LSAL
171 TVV LAG--FAGA===sccacax- u»-vp- ---1E GAV-AFIGEY YL
.Anom ETC LA -CET I L LTEVYSH ISTA-AMgYELYVL
FF-CYG-QLVFTVKEAAAATTOKAEKEVTREVEEEY I AFBECELPPACVAF-Y-IFTHQG
VTDE-AASA-§--————————- SA--GTAEMFDTLRVLTVV P'IV' GVE- - G-
VGPM-TESA-Sevvvcnennn- QRSSCEESIERLANLTVVLEA TP FwLEcP?P - - Gf -
FFGRTSKPE-----——————-- SMRPEVASTFKLRNGTVY PIV' CSE----C
Bo-FGPIFNTHPAFFAK-JAVYNEVEYEN-PNKQFRNCMVTTLCCGXNPLGDST - -TVS
A VGATEVARSVLDVFARY VFEFHLLRVEAN NERT
ALl -Br TRV AL IR Y LDV TEVGFGERALDA Ak - - mmmmm e e e e e e
AcvPL U TR Lo VARV GFGLELLRSRAIFG- -~ oo e EAEAP

KTETSQV-APA
VAV

EPSADGAAATS

Sethi and Luthey-Schulten, 2003



Structure Prediction Modeller
6.2/Hmmer

Sethi and Luthey-Schulten, UIUC 2003 Modeller 6.2 A. Sali, et al.
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