Sequence and Structure Alignment
Z. Luthey-Schulten, UIUC
Lake Tahoe, May 2005
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Sequence-Sequence Alignment

e Smith-Watermann Seq.1: 4, @,85 - - 4, 4s...a_

Seq. 2: Cl - C203C4CS' "'Cm

e Needleman-Wunsch

Sequence-Structure Alignment

e Threading
 Hidden Markov, Clustal

Structure-Structure Alignment
« STAMP - Barton and Russell

* CE - Bourne et al.

Sequence Database Searches

* Blast and Psi-Blast



Sequence-Sequence Alignment
* Smith-Watermann ;0 A A A~ - AALA

] Needleman_WunSCh Profile 2: Cl - C2 C3 C4 CS = e .Cm

Sequence-Structure Alignment

e Threading
 Hidden Markov, Clustal

Structure-Structure Alignment
« STAMP - Barton and Russell ~ SCOP, Astral

* CE - Bourne et al. PDB

Sequence Database Searches
 Blast and Psi-Blast NCBI Swiss Prot
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Search | Swiss-Prot/TrEMBL + | for agp
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The UniProt Knowledoehase consists of:

& Swiss-Prot: a curated protein sequence database which strives to provide a high level of annotation (such as the description of
the function of a protein. its domains structure. post-translational modifications, variants, etc.), a minimal level of redundancy
and high level of integration with other databases [More details / References / Linking to Swiss-Prot / User manual / Recent
changes / Commercial users / Disclaimer].

s TrEMBL: a computer-annotated supplement of Swiss-Prot that contains all the translations of EMBL nucleotide sequence
entries not yet integrated in Swiss-Prot.

These databases are developed by the Swiss-Prot groups at SIB and at EBIL.

UniProt Release 3.2 consists of: S SiissProf o
Swiss-Prot Release 45.2 of 23-Nov-2004: 164201 entries (More statistics) m?”“u;d';’m‘ff"‘imc el‘e TR
TrEMBL Release 28.2 of 23-Nov-2004: 1503829 entries (More statistics) Jor HEE ( more...




s EXPASy Home page Site Map Search ExPASy Contact us Swiss-Prot

Hosted by NCSC US||Mirror sites:||Ausiralia|Bolivia|[Brazil ne |

4 . " |
Canad a”Chnm”Kmt a”Swmcr]and!!T arwan|

Search | swiss-Prot/TrEMBL s | for agp {Go) (Clear)

Search in Swiss-Prot and TrEMBL for: aqp

Swiss-Prot Release 45.2 of 23-Nov-2004
TrEMBL Release 28.2 of 23-Nov-2004

e Number of sequences found in Swiss-Protgg, and TIEMBL, |77, 211

e Note that the selected sequences can be saved to a file to be later retrieved: to do so, go to the bottom of this page.
e For more directed searches. you can use the Sequence Retrieval System SRS.

Search in Swiss-Prot: There are matches to 89 out of 164201 entries

Pl BOVIN (P47865)

Aquaporin-CHIP (Water channel protein for red blood cells and kidney proximal tubule) (Aguaporin 1) {(Water channel
protein CHIP29). {GENE: Name=AQPI } - Bos taurus (Bovine)

AQP1 HUMAN (P29972)
Aquaporin-CHIP (Water channel protein for red blood cells and kidney proximal tubule) (Aquaporin 1) (AQP-1) (Urine water
channel). {GENE: Name=AQP1: Synonyms=CHIP28} - Homo sapiens (Human)

AQPI MOUSE (Q02013)
Agquaporin-CHIF {(Water channel protein for red blood cells and kidney proximal tbule) (Agquaporin 1) (Early response
protein DER2). {GENE: Name=Aqgp1} - Mus musculus (Mouse)




s EXPASy Home page Site Map Search ExPASy Contact us Swiss-Prot

Search | swiss-Prot/TrEMBL s for agp fGoY { Clear

NiceProt View of Swiss-Prot:
P47865

/ Printer-friendly view A /_5ubmit update 3 /_Qu'rck BlastP search \

[Entry info] [Name and origin] [References] [Comments] [Cross-references] [Keywords] [Features] [Sequence] [Tools]

Note: most headings are clickable, even if thev dor't appear as links. Thev link to the user manual or other documenis.

Entry name AQP1_BOVIN

Primary accession number P47865

Secondary accession numbers Nane

Entered in Swiss-Prot in Release 33, February 1996
Sequence was last modified in Release 44, July 2004

Annotations were last modified in Release 45, October 2004

Name and origin of the profein

Protein name Aquaporin-CHIP

Synonyms Water channel protein for red blood cells and Kidney proximal tubule
Aquaporin 1
Water channel protein CHIP29
(ene name Name: AQP1
From Bos taurus (Bovine) [TaxID: 9913]
Taxonomy Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi; Mammalia; Eutheria;

Cetartiodactyla; Ruminantia; Pecora; Bovidae; Bovinae; Bos.
References

[1]SEQUENCE FROM NUCLEIC ACID.

TISSUE=0cular ciliary epithelium: SiEyarE i 3



Sequence informaftion
Length: 270 AA  Molecular weight: 28669 Da  CRCO64: F3ECAD4SDCCDB309 [This 1s a checksum on the sequence]

10 20 30 40 50 60
ASEFKKKLFW RAVVAEFLAM ILFIFISIGS ALGFHYPIKS NQTTGAVQODN VEVSLAFGLS
70 BO ag 100 110 120
IATLAQSVGH ISGRHLNPAYV TLGLLLSCQI SVLRAIMYIT AQCVGAIVAT AILSGITSSL
130 140 150 160 170 180
PDNSLGLMAL APGVNSGOGL GIEITIGTLOL VLCVLATTDR RRRDLGGSGP LATGFSVALG
190 200 210 220 230 240
HLLATDYTGC GINPARSFGS SVITHNFODH WIFWVGEFIG AALAVLIYDF ILAPRSSDLT
250 260 270

DRVEVWTSGO VEEYDLDADD INSRVEMKPK . )
P47865 in FASTA format

Yryny http: //us.expasy.org/cgi-bin/get-sprot-fasta’P47865

[ 4 b | @ | A A | |E gtia http:/ /us.expasy.org/cgi-bin & = 'Qr Google

m AT

[0 Address Book> Rendezvous¥ TEB Directories home EJ EdBrd BJ] Handbk Google Scholar Dictionary Merriam—Webster

»zp|P47865 |AQP1 BOVIN Aguaporin-CHIP (Water channel protein for red blood cells and kidney proximal
tubule) (Aguaporin 1) (Water channel protein CHIP29) - Bos taurus (Bovine).
ASEFKKKLFWRAVVAEFLAMILFIFISIGSALGFHYFPIKSNQTTGAVODNVEVSLAFGLS

IATLAQSVGHISGAHLNPAVTLGLLLSCOISVLRATMY ITAQCVGAIVATAILSGITSSL
FDNSLGLNALAPGVNSGOGLGIEIIGTLOLVLCVLATTDRRRRDLGGSGFLATIGF SVALG
HLLAIDYTGCGINFPARSFGSSVITHNFODHWIFWVGEFFIGAALAVLIYDFILAPRSSDLT

DRVEVWTSGOVEEYDLDADDINSRVEMEPK

cut
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Retrieve results for an

Mucleotide Protein Translations RID

P
| ASEFKKKLFWRAVVAEFLAMILFIFISICSALCFHY PIKSNOTTCAVODNYEKVSLAFGLS
: IATLAGSVCEHISGAHLMPAVTLGLLLASCOISVLRAIMY ILAQCVCANVATAILSGITSSL aste
Search | PDNSLGLMALAPCGYNSCGOGLCIENCTLOLVLCVLATTDRRRRDLGGSCPLAIGFSVALG p
| HLLAIDY TGCGIMPARSFCESVITHNFODHWIFWYGPFICAALAVLIY DFILAPRSSDLT [
| DRVKVWTSGOVEEYDLDADDINSRVEMKPK |
Set subsequence From: To:
Choose database | swissprot | &
Do CD-Search E‘
Y
7

Options foradvanced blasting

Limit by entrez

or select from: | All organisms 4.
query

Composition- —

based statistics — ChOice Of
Choose filter ™ Low complexity —] Mask for lookup table only ] Mask lower case Substitution matriX
and gap penalty

Expect |10

Word Size | 3 |5

"

sl 1 ) f a 7 s -
Matrix | BLOSUMG2 &) Gap Costs | Existence: 11 Extension: 1 ' 3 !

A e e S ] il




% NCBI formatting BL:\SFF

Retrieve results for an

Mucleotide Protein Translations RID

Y our request has been successtully submitted and put into the Blast Queue.

Query = (270 letters)

Putative conserved domains have been detected, click on the image below for detailed results.
1 1] 100 150 200 250 270

*
HIp

The request ID 1S 1102423974-1792-2098745953488 BLASTQ4
Formatl R o)
The results are estimated to be ready in 28 seconds but may be done sooner.

Please press "FORMAT!" when vou wish to check your results. You may change the formatting options for your result via the form below and press
"FORMAT!" again. You may also request results of a different search by entering any other valid request 1D to see other recent jobs.




Taxonomy reports

Distribution of 164 Blast Hits on the Query Sequence

Mouse-over to show defline and scores. Click to show alignments

Color Key for Alignnent Scores

11792 s s ey s ey oy s e B ey
0 50 100 150 200 250

i i e 0
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Sequences producing significant alignments: (bits) Value
gil1351965|sp|P47865|A0P]1 BOVIN Agquaporin-CHIP (Water chann... 530 e-150 L&
gi|3023310|=p|P56401|AQP]1 SHEEP Aquaporin-CHIP (Water chann... 521 e-148
gi|267412i=sp(P39972 {AQ0P]1 HUMAN Agquaporin-CHIP (Water channe... 481 e-136 K
gi{543832{=p|002013[A0P] MOUSE Aquaporin-CHIF (Water channe... 477 e-134 IE
gild47117785(sp|P29975|A0P]1 RAT Aquaporin-CHIP (Water channe... 474 e-134
1}1703359/=sp|P50501 |A0FPA RANFS Agquaporin FA-CHIP 431 e-=121
1[{730026|=p|{0Q06019 |MTP RANPT Lens fiber major intrinsic pr... 238  le-g2
gill27102|sp|P06624 |[MIP BOVIN Lens fiber major intrinsic pr... 236 Je=62
gi|728874|sp|P41181 [AQP2 HUMAN Agquaporin-CD (AQP-CD) (Water... 235 Je-62
gi|127106[=p|P09011|MIP RAT Lens fiber major intrinsic prot... 233  Se=61
gil47117800|=p!PS51180MIF MOUSE Lens fiber major intrinsic 231 le=60
gi|266537|sp{P30301{MIP HUMAN Lens fiber major intrinsic pr... 231 le-60 K
gi{3913084 [spi062735[A0P2 SHEEP Aguaporin-CD (AQP-CD) (Wate... 231 2e-60
gi|23503041|=p|P56402 |AQP2 MOUSE Agquaporin-CD (AQP-CD) (Wat... 228 Je-60
i[461529=sp!P34080AQP2 RAT Aguaporin-CD (AQP-CD) (Water c... 225 Be=59
gif1351967i=spiP47863 [ AQP4 RAT Rquaporin 4 (WCH4) (Mercurial... 222 Be-518
gifd7116232|sp{092374 {AOP4 DIPME Aguaporin 4 219 fe-57
gil1703358|=plP55064 [AOPS_HUMAN Agquaporin § 219  S5e-57
gi[2506859| SDI PS55087 [AQP4 HUMAN Aquaporin 4 (WCH4) (Mercuri... 218 2e-56
117387547 |spl09WTY4 | AOPS MOUSE Agquaporin 5 218 2e=56
gil7387545(=p!077750 | AOP4 BOVIN Agquaporin 4 (WCH4) (Mercuri... 217 Je=56
i{47117859|=p|{P55088 |[AQP4 MOUSE Agquaporin 4 (WCH4) (Mercur... 216 4e-56 IS
gil1351968|sp(P47864 | AQPS RAT Aquaporin 5 215  Be=36
gi|32469581 (sp{09NHWT [AQF AEDAE Aquaporin AQPRe.a 201 le=51
gi{32469580{spi025074 {AQP HAEIE Aguaporin (Water channel 1)... 132 Se=49
gi|2497939/=p[013520 | A0P6 HUMAN Agquaporin 6 (Agquaporin-2 1i... 182 9e-49
i[47115531[=splO9WTYO I AQPE RAT Agquaporin 6 1%1 2e-48 IS
gi|21431896{sp|P43287[{PT22 ARATH Aquaporin PIP2Z.2 (Plasma m... 183 Se-48
gil|32469582|=sp|09V¥sS27 [AQP DROME Aquaporin 188 le-47
gif{1175013|=p{P43286|{PT2]1 ARATH Agquaporin PIP2.1 (Plasma me... 187 2e-47
gi{47115796{sp|QBC4A0|AOPE MOUSE Aguaporin 6 185  le-46 K
gij267136{sp{P30302 PI23 ARATH Aquaporin PIPZ.3 (Plasma mem... 184 le-46 K&
gil32363439/50i092V07IPI26 ARATH Probable aguaporin PIP2.6 184 1e-46 [Rvrsor S



Final Result: Sequence Alignment - Approximate

[1>gi|46395801|sp{Q8AF17 [AQPZ PSEPK E Aquaporin 2

SCOre

Length = 230

119 bits (299), Expect = 6Ge-27

Identities = 70/186 (37%), Positives = 105/186 (56%), Gaps = 12/186 (6%)

Query:
Sbijct:
Query:
Shijct:
Query:
Sbijct:
Query:

Shijct:

53

&0

113

100

165

159

223

218

VSLAFGLSIATLAQSVGHISGAHLNPAVTLGLLLSCQISVLRATMYITAQCVGAIVATAT
V+ AFGL++ T+A ++GHISG HLHNPAV+ GL++ + + Y+IAD +GAI+A +
VAFAFGLTVLTMAFATGHISGCHLNPAVSFGLVVGGRFPAKELLPYVIAQVIGAILAAGY

LEGITSSLP==DHNSLGL==NALAP====GVNSGQGLGIEIIGTLOQLVLCVLATTDRRRRD
+ I 5 + 5 GL N A L G G E++ T +4 +4+ TH R
IYLIASCEAGFELSAGCLASNGYADHS PGOGY TLGAGFVSEVVMTAMFLVVIMGATDARAP -

LGGSGPLAIGFSVALGHLLAIDY TGCGINPARSFGSSVITHNF --QDHWIFWVGPFIGAR
G P+AIG ++ L HL++I T +NPARS G ++ + 0 W+FWV P IGAA
-AGFAPIATIGLALTLIHLISIPVTNTSVNPARSTGPALFVGGEWALOQQLWLFWVAPLIGAR

LAVILIY 228
+ +¥

IGGALY 223

112

29

lo4

158

222

217



University of Illineis at Urbana-Champaizgn

Luthey-Schulten Group

Theoretical and Computational Biophysics Group

Summer School 2004 - University of Western Australia, Perth

Sequence Alignment

Algorit hms Tutorial for the
material of this

lecture available

Rommie Amaro ;
Zaida Luthey-Schulten

Felix Autenrietl :
e Aleiett Anurag Sethi

Brijeet Dhaliwal Taras Pogorelov

Barry Isralewitz
June 2004



Sequence Alignment & Dynamic Programming

substitution
i index i

e

Seq.1: ala 3.3- - 343.5...an
Seq. 2: Cl;) CyfC3C Cs-...C
gap index j

Smith-Waterman alignment algorithm

objective function H(i -1, j —1)+ S[a(i), b( j)]

H (i, J) @ H(, j—k)-W(k),

\H(i—m, j)—W(m),0

number of possible alignments

n

=[2n]=22n ()

Hi-1,7-1)
+STa(i),b(j)]

H(i-1,J)

w4

H(, ]

— 1)
wy

H (i,j)

gap penalty

/ substitution matrix




Blosum 40 Substitution Matrix

AA not resolved

I L. X M F P S T W Y V

A R N D C Q E G H

-1
-1

-2
-1
-2
-3
-4
-1
-2
-3

-3
-2
-4
-5
-6
-1
-2
-2
-5
-3
-1
-2
-2

0
-2

1
-1
1
0
-1
1
0

-2
-3
-2
-2
-5
-2

-3
-2
-3
-4
-2
-4
-3
-3
-2
1
2
-3
0

-1
-1
-2
-3
-3
-1
-2
-2

-1

-2
-2
-3
-3
-2
-2
-2
-4
-2

-1
-3
-2
-4
-4
-3
-4
-4
-3

-2 -1 -1 -2 0 -1 1 -2
9 -1 -3 2 -1 -3 0

5
-2

R
N
D
C
Q
E
G
H

-2
-3
-3
-2
-3
-3
-4

3
0

0
-3

0

0
-1
-1
-1
-1
-2
-2
-1
-1

-2 0
-3 -4
-2 0
-3 0

-2
-2 13

2 9 -2 -1 2
-2 -2 16 -4 -2

-1
-3

-3 -2
-1

-2

-2

1
1
-2
-1
-3
-2

0
-1
-2
-2
-4
-1
-2
-4
-4 11

-2
-1

-1 -1
-3

-1

-2 -1

-1

0
-1
-2
-3

8

-3
0
-4
-2
1
-2
-3

-2

-3
-4
-4
-2
-3
-3
-2
-5

-2

0

1
1

3
-1

0
-3
-2

-1
-1

-4
-2

-3
-3

4

2
-2

0

0
-1

-3
-2
-1

-4
-4
-2
-2
-3
-1

-4
-3

-3 -2
-2 -3

-1
-2

L
K
M

0
-1
-1

0
-2
-2
-1

6
-1
-3
-1

-2

-3

1
-1
-4
-2

-2
-4
-1

-3
-3
-2

1

0
-3
-1

1

7

0
-2
-2
-1
-2

-3
-4
-2

-2
-3
-2

-1
-2
-3

-1
-3
-2

F
P

-1
-2

9

-2
-2
-1
-2
-5

-3
-2

-4
-5

0
2

-4
-3
-1
-1

-2
-2
-1
-3

0

5

-1

0
0
-2
-1
-2

0
-2
-2
-3
-4
-1
-2
-1

-1
-2
-2
-3

-1
-1
-1
-3

-1
-6
-4
-2

-1
-5
-3
-3

0
-4
-2
-3

-2
-2
-1
-2

W
Y
v
B

-2
-1
-1

-2
-2
-3

-4
-3
-3

-3
-1

3

9
-1
-3
-2
-1

-4 19

-5
-2
-1

-4
-3
-3
-2
-1
-2

1

4

0
-3
-4
-1

-3
-2

3
-3
-4
-2
-2

-1

1
1
-3
-2

5
-3
-3
-1

1
0

-1

-4

0

0
0
0

0

1
-1

-3
-2
-1

-3
-4
-1

0

0
-1

-1 -1 X

-1

0

0

-1 -1 -1 -2 -1 -1

0



Amino Acid Three Letter and One Letter Code

Amino acid Three letter code||One letter code
alanine ala A
arginine arg R
asparagine asn | N
aspartic acid asp ]
asparagine or aspartic acid asx B
cysteine cys C
glutamic acid glu E
glutamine gin Q
glutamine or glutamic acid glx Z
glycine gly G
histidine his H
isoleucine ile I
leucine leu L
lysine lys K
methicnine met M
phenylalanine phe F
proline pro F
serine ser =3
threonine thr T
try ptophan try W
tyrosine tyr Y
valine val v




Sequence Alignment & Dynamic Programming

number of possible alignments:

2 ()’

)

aIl
.C

SGCL 1:211212213" - 214215...
SﬁKL 2:(:1 - (:2(:3(:4(:5"..
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T

Needleman-Wunsch alignment algorithm

(H(i~1, j=1)+S[a(i),b(/)]

MAX { H(i, j— k)W (k),

H (i, )

Score Matrix H: Traceback
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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

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



Traceback and Alignment

The Alignment

Traceback (blue) from optimal score

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



Protein Structure Prediction

1-D protein sequence

SISSIRVKSKRIQLG...

\4

3-D protein structure

S~

A\

Homology Modeling/ FR

E=E_ +E.

match
Target Sequence

SISSRVKSKRIQLGLNQAELAQKV-————— GTTOQ..
QFANEFKVRRIKLGYTQ----TNVGEALAAVHGS..

Known structure(s)



Sequence-Structure Alignment

Target sequence Alignment between
target(s) and scaffold(s)
*—o—0—0—0 - >

A, A, Ay A, AL

1. Energy Based Threading™
H=F + F

contact profile

+ EH—bonds + Egap

profle
contact = E Z )/IECt) (Az’ A, )*U(rk Y )

2. Sequence — Structure Profile Alignments

E)/(”) 4,,8S,,54,)

Clustal, Hidden Markov (HMMER, PSSM)
with position dependent gap penalties
*R. Goldstein, Z. Luthey-Schulten, P. Wolynes (1992, PNAS), K. Koretke et.al. (1996, Proteins)



Distance Cutoff, A

CM/Fold Recognition Results from CASP5
Lessons Learned

TO182TS093_1

40 80
Percent of Residues (CA)

TO172T5093_1

100

Distance Cutoff, A

Percent of Residues {CA)

100

The prediction 1s never better
than the scaffold.

Threading Energy Function and
Profiles need improvement.



Structural Profiles

1.Structure more conserved than
sequences!!! Similar structures at
the Family and Superfamily levels.
Add more structural information

2.Which structures and sequences to
iInclude”? Evolution, QR redunancy



Structural Domains

Striectural Classification of Froteins

ey e e T Ty, (e e
[ : E E ‘} £ 25 : e
i L i : i = e
W # ; = 1= 1
£ i FL P H § { i ;i i
. - SR (RN |

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

Lineage:

Root: scop

Class: All beta proteins

Fold: GE-fold

barrel, closed ar partly opened n=3, S=10 or 5=5, greek—key
Superfamily: Nucleic acid-binding proteing

Family. Anticodon-binding domain

barrel, closed; n=3, 5=10

&, Protein: Aspartyl-tREINA synthetase (AspRE)

this is N-terminal domain in prokaryotic enzymes and the first "visible” domain in enkaryotic enzymes
7. Species: Escherichia coli

PDB Entry Domains:
1. 1cCa ENREEIZ]

1. region a:1-106 EIREL]
5 a"wma B

complexed With fmg, Sme, 3mu, amo, R2W, psid, sod
1. region a:l-106
2, region B1001-1106

2, ﬁlﬁ 4 v HE

complexed with mg
1. region a1-106 EXEEL]
2, regionti1-106
3. regionci1-106

b

b




Profile - Multiple Structural
Alignments

Representative Profile of AARS Family

Class 11

o -




STAMP - Multiple Structural Alignments

1. Initial Alignment Inputs
e  Multiple Sequence alignment
« Ridged Body “Scan”

2. Refine Initial Alignment & Produce Multiple Structural Alignment

P = {e-a@./zE] }{e-s;.’;./zEz}

y

probability thatresidue i on structure A is equivalentto residuej on structure B.
t:lii -- distance between i &j

Sﬁ -- conformational similarity; function of rmsbewteeni-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

LP . LA . LB -- length of alignment, sequence A, se quence B

Il -lengthof gaps 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 in a group,
then average coordinates are used.



Variation 1in Secondary Structure
STAMP Output

SerRS T. thermophilus
ThrRAS E. coli
ProRS T. thermophilus

1 1
VGGEEANRE!

ProRS M. thermoautotrophicus

SerRS T. thermophilus
ThrAS E. coli
ProRS T. thermophilus

ProRS M. thermoautotrophicus

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

ProRS M. thermoautotroph.

SerRAS T. thermophilus
ThrRS E. coli
ProRS T. thermophilus

ProRS M. thermoautotroph.

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

ProRS M. thermoautotroph.

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

ProRS M. thermoautotroph.

< ——

20

0
KRVGGPPEFSFP

KGLTPQSQ

FM
KL
MF
L

Lt L om

g [

Eargle, O’Donoghue, Luthey-Schulten, UIUC 2004

50 60 70
Al SQVSIGSRSYALKGDLALYELALLRFAMD
MQ EE |[APGMVFWHINDGWTI| FRELEVFVRARS
YG P [VRGTI| VVRIPYGYAI WENI QQVLDR
RY P WKGMHVWMPHGFMI BKNTLKI LRR

1

130 140
|0y Bl TAEVVLNALHS|GEIL-Y
¥YCl Kr MNCPGHVQI FNQGLIK: Y
LAVR TSE'I'VIGYMWS‘KWIH w
LALR: TSETVMYP MFAI|L WV[E: H

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



Stamp Output/Clustal Format

SerRS-T thermophilus
ThrRS-E coli

ProRS-T thermophilus
ProRS-M_ thermocautotrophicus
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

SerRS-T_ thermophilus
ThrRS-E_coli
ProRS-T_thermophilus
ProRS-M_thermoautotrophicus

SerRS-T thermophilus
ThrRS-E coli

ProR5-T_ thermophilus
ProRS-M thermoautotrophicus
space

SerRS-T thermophilus
ThrRS-E_coli

ProRS-T thermophilus
ProRS-M thermoautotrophicus

VGGEEANREIKRVGGPPEFSFP--P--LDHVALMEKNGWWEPRISQVSGSRSYALKGDLA
————————————————————————— R--DHRKIGKQLDLY-HMO-EE~-APGMVEWHNDGW
———————————————— KGLTPOSODFSEWYLEVIQKAELAD-YG--P-VRGTIVVRPYGY
———————————————————————— EFSEWFHENILEEAEIIDORY--P-VEKGMHVWMPHGEF

—-SGGG-EEEEEES————— S e HHHHHHHHT-B-TTHHHHH-SS——--B-THHH
————————————————————————————— HHHHHHHTT-E-E---TT-STT--EE-HHHH
————————————————————— HHHHHHHHHHHHHHHTTSEE-E---S-STT-EEE-HHHH
------------------------- HHHHHHEHHHHHTT-EE—————S-STT--EE-HHHH

LYELALLRFAMDFMARRGFLPMTLPSYAREK-AFLG-TGHFPAYRDOQVWATA————— E-—
TIFRELEVEFVRSKLEEYQYQEVKGPFMMDRV-LWEKT-GHWDNYKDAMFTTS———-S-EN
ATWENIQOQVLDRMFKETGHONAYFPLFIPMSFL-——==——=—=—=— FSPELAVVTHAGGEELE
MIRKNTLKILRRILD-RDHEEVLFPLLVPEDE-LARKEATHVEGFEDEVYWVTHGGLSKLC

HHHHHHHHHHHHHHHHTT-EEEE--SEEEHH-HHHH-HT-TTTTGGGS-B=T==—=- T—=
HHHHHHHHHHEHHHHHTT-EE----SEEEHH-HHHTT-THHHHHGGG--EEE-—---E-TT
HHHHHHHHHHHHHHHHTT-EE----SEEESTT-=========——- TT--EEEE-SSSEEE
HHHHHHHHHHHHHHT-TT-EE-—--SEEEHHH-HTTSHHHHHHTTTT--EEEEETTEEER

TDLYLTGTAEVVLNALHSGEILPYEALPLRYAGYAPAFRSEA-~-GSFGKDVRGLMRVH-C
REYCIKPMNCPGHVQIFNQGLKSYRDLPLRMAEFGSCHR~-NEPS-~-G-SLHGLMRVR-G
EPLAVRPTSETVIGYMWSEWIRSWRDLPOLLNOWGNVVRW--E-——--M-RTRPFLRTSE-
RELALRPTSETVMYPMFALWVRSHTDLPMREYQVVNTFRY-ET----K-HTRPLIRVREL

SSEEE-S-THHHHHHHTTT-EEEGGG-SEEEEEEEEEE-————- S--S8TTTTTTS-5-E
EEEEE-S5-SHHHHHHHHTSS--BTTT-SEEEEE--EEE-=--===G--G-G-BTTTB-5-E
EEEEE-S-SHHHHHHHHHHH--BGGG--EEEEEEEEEE————————— 5-S-BTTTB-SE-
EEEEE-SSSHHHHHHEHHHHH--BTTT--EEEEEEEEEE-=—==————- S-—--BTTTB-SEE

From multiple structure alignment compute position probabilities for amino acids and gaps!!!!



PSSM-based approach

I. Construction of Profile

12 3 4
Sequence 1 - B B -
Sequence 2 C C - -

Sequence 3 C B C C B
Multiple Sequence Alignment

A Qo

Position Specific Amino Acid
Probabilities

i l1t] 2 3| 4|5

P(C) | 1 | 033 |05 1 |0.67

PB) | 0 | 067 |05 O |0.33

Position specific score for aligning i’ residue

of S to j** position of profile

Sc(S7) = log(P(S7)/P(S7™4))

Altschul, et. al., Nucleic Acids Research, 25:3389-3402.

II Database search

Align every sequence in the
database to the profile using
Dynamic Programming algorithm.

Sequence represented by S(S,.S,,....S, )

TeS

Progressive alignment score = H(i,j)

H(0,0)=0,H(i,0) =i x & H(0,j) =j x 4.

H(i—1,j —1) + Se(S?)
H(i—1,5)4+9
H(i,j—1)+6

H(z,7) = max

forj=1,2,....m,, and i=1,2,....N,

S

Traceback gives the optimal
alignment of the sequence S to
profile.



Hidden Markov Models of
Transmembrane Proteins

loop
penetration
_—>

Bacteriorhodpsin/Rhodopsins Olfactory Receptor/Bovine Rhodopsin
J. Wang, Z. Luthey-Schulten, K. Suslick (2003) PNAS 100(6):3035-9



Stamp Profile

d119ha_3 MNGTEGPNFYVPFSNKTGVVRSPFEAPQYYLAEPVOFSNLAAYNFILIEGFPRNFLTLYVTVQH
d1e128 <secsecsccccscsccsscscesanccns R-ENALLSESLVEnVALAGEETLEF VPNGRT-- IR
LEVEC ARG TLAFAJAGRD--AG

TR SRR S A SRS AR N I Resin MVGL

d11%ha_ 3 KKLRTPLNYI ADLFH C-I‘TTLYTSLHCYF? e e e La GPTGCNL
diei2a  PG---RPRLI m SSYL - Tvc ENPAGHALAENVA - - SQWG
dijgja_1 S----GERR u VYAVRA-----L-- GUVPR--------- -EAT--VFVP

d119ha_3 EuFFA AI‘H sLl- uzavwvcxpnsnmmarm FTUVJARECAAPPLVGW
dlei2a TWA LA-LGLM-A-vcvcccccncen ) FTVIAAD TG--LA
dijgja_1 DW1I F-LG nsm-:

chmmmmmmemeeaes G---- IvITR AG--FA

dil9ha 3 SRYIPEGMQCSCGIDYY- HEETI'J! VITHFWH INPLIVIFF-CYQ-QLVFTVKEAAAAT
diel2a A MN--T CA F LSALVTDW-JASA-S

dijgja_l Ph==vvcccenn-s M--VP-§--- ur-; IGEYYLVGPN-TESA~S-vvvomnn=
d119ha_3 TOKAEKERT AGVAF-Y-IFTHQGEO-FCPIFNRIPAFAK-TRAVYNP
dlel2a --84--GTA TWL PIVWA vE——G A QRVGATEVAYSVLDEFAKYV
dijgja_1 QRSSGRK LR)\LTUVL FRVL PTVDVALIVJLO@VERVG
diloha 3 YN -PNEQFRNCMVTTLCCGENPLGDST - -TVSKTETSOV-APA- -~ - - - -~ -

dle12a  FRELLRWEAN - - - - o cmcm e NERT--------- VAV--cccmceeea

dijgja.l FRALDA-=Afcccccccncncccccncnncccnncccancncascsansnncanansn

Sethi and Luthey-Schulten, UIUC 2003



Clustal Profile-Profile Alignment

d119ha_3 NNGTEGPNFYVPFSHKTGYVRSPFEAPQYYLAEPWQFSNLAAYMFLLI cr 1TI 'r
dlel2a 2 seeesesesescssscececseeeeeee- R-ENALLSESEVENEALA

dijgja.l 000 e VOLELFWLEATGM (:TLAH .\c,re
1AT9__ _BACTERIO ------mmmmmmmmmm oo EAEMTORPEWEWLEEGCTALGCHGTI
d119ha_3 VTVQHKKLRTPLUYILLNLAJADLENRFCEATTLYTSLHGYRV-F

diel2a T——.RPG———RI'RL;.GA‘_' LJ SSYLGLL ----- S--GLTHG .EHI’&GHIALAI
dljgja_ D--AGS----GERBYYVTLRGISGIAA-EEYARMA--- - - L- CWVFPR---------
|J.19___BAC'1"FRIJ GNGSDP - - -DAJRFYAITTIPATAF v BGLTRVPFG

d119ha_3 -~ -GPTGCHLEGFFATLGGEARV-SLE- :.J.Isnwwca-:wsxrnrczxnglc?
diel2a ENVA--SOMERY HALI*E' LLA-LGEL-K--mmmmmeemane D---- FTV
dijgia.1 -ERT--@VPRY LTTPL-gYF-LC@L-A-------cnuuu- G----@DSREFEIV
1AT9___BACTERIO -GEQNP HI.R".I.DU FTTPLLELDLALLYED ADQGENL AN
d119ha_3 WVMAJACAAPPLVGUSRYI PEGKUC::CG;DY" HEE‘N{ FVIYMFVVHFIRPLIVY
diel2a IRADEGHCYTC--LANA-- -—--N- AFRAISCA-FFEE@LSAL
dijgja_1 ITLETVVRLAG--FAGA---cccaanax N--\' - ---Ii» Al GAV-AFIGEEYYL
1ATS___BACTERIO [ADGIMPGTG--LVGA---------ccoonn LTKVYSH AISTA-AMJYRLYVL
d119ha_3 FF-CYG-QLVFTVKEAAAATTQKAEKEVT -\'fAF- A(,UAF Y-IFTHQG
dlel2a VTIDR-AASA-8--ccemmaae SA--GTAEMFDTLRVLTVV cv}‘--a
dijgja_1 VGPM-TESA-S----vvmvmn- qasscli(s RLRHLTVV GPP - - G-
1ATS___BACTERIO FFGTSKJE----- - - —----SNRPEVASTFKJLRUJJTVY GSE --G
d119ha_3 ID FGPIFMTHPAFFAK-TAYYNEVEYRN- PIFOF‘H'II"FUT LCCGKNPLGDST--TVS
diel2a 'mr'u SVLDVFAKYVFJFRLLR NERT
dijgja_1 HL' YLO@VTKVGFGFHALDA- u. --------------------------
1AT9___BACTERIO vPLY VLDVAKVCFGLELLRSRAIFG--------ommmmmmmm e EAEAP
d11%ha_3 KTETSQV-APA

diel2a VAV

dijgia_.f = & mees-ceama-

1ATO_. BAC‘TERID EPSADGAAATS

Sethi and Luthey-Schulten, 2003



Refine Structure Prediction with
Modeller 6.2

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



Comparative Modeling Tools in SwissProt - SwissModel

Databases

Tools and software packages

¢ Swiss-Prot and TrEMBL - Protein ¢ Proteomics and sequence analysis
knowledgebase tools
PROSITE - Protein families and o Proteomics [Aldente (PMF) "
domains

SWISS-2DPAGE - Two-dimensional
polyacrylamide gel electrophoresis
ENZYME - Enzyme nomenclature
SWISS-3DIMAGE - 3D images of
proteins and other biological
macromolecules

SWISS-MODEL Repository -
Automatically generated protein models

GermOnLine - Knowledgebase on
germ cell differentiation

Ashbva Genome Database

Links to many other molecular

biology databases

o
o

]
]

PeptideMass, ...]

DNA -> Protein [Translate]
Similarity searches [BLAST]
Pattern and profile searches
[ScanProsite]

Post-translational modification
and topology prediction
Primary structure analysis
[ProtParam, pIl/MW, ProtScale]
Secondary and tertiary structure
|gra:4:lictinn [SWISS-MODEL, Swiss-
PdbViewer]

Allonment [T-COFFEE, SIM |
Biolooical text analysis

s ImageMaster / Melanie - Software for

2-D PAGE analysis
o MSight - Mass Spectrometry Imager
+ Roche Applied Science's Biochemical

Pathwavs




Structure Prediction Resources - on line

http://cgat.ukm.my/spores/Predictory/structure_prediction.html

A Fast, Web-based Method for Protein Fold Recognition using 10 and 3D Sequence Profies

ID-PSSM coupled with Secondary Structure and Solvation Potential Information. Biomolecular
Modeling Group, Imperal Cancer Research Fund, UK
BCM PSSP Protein secondary structure pradiction, Baylor Collage of Madicine, USA.

Fold-recognition sernvices based on Sequence-Dearnved Properies - Computer Science Dept.,
Ben Guron University, lsmaal

CODA A combined algonthm for pradicting protein lbbops. CODA can predict fragments of length 3-8
e using the consensus methodology. Biochemistry Dept. Cambrdge, UK

bioinbgu

CONSENSUS
gﬁﬂ% Submits input sequence to multiple servers for consensus
Protein secondary structure prediction. Dept of Cellular & Molecular Phammacology, WCSF,
NNPREDICT ey ;
Protein secondary structure prediction from single sequence or a sel of sequences, EMBL-
PREDATOR el Gameny
Secondary structure and class prediction server, Cohen Lab, Dept of Callular & Molecular
Pred2a Phammacology, UCSF, USA
: f PredictProtein is a service for sequance analysis, and structure prediction. Mimors - America, "
PredictProtein Ko Aokrala. Eumma
PROF B. Rost : PROFi#e based neural network prediction
R.D. King :Cascaded multiple classifiers for protein secondary structure prediction. - Neural
PROF Metwarks - Bayesian classifiers - Linear discrimination - Quadratic discrimination,
Computational Biokogy Group, Univ. of Wales, Aberystwyth, LK.
PSCAN A combined sequence structure profie fold recognition method - aignment of 2 sequences.

Frotein structure prediction server (W2.0) using PEIPRED - a highly accurate secondary

structure pradiction method, GenTHREADER - a new sequence profie basad fold recognition
PSI Pred /Gen Threader " MEMSAT2 - a widsly used transmembrans topology prediction method, David
Jones et al Brunal Univ. UK

RPFOLD This is a simple method basad on amino acid properties.

SAM-T99/T98 Hidden Markov Modals applications, Computational Biology, UCSC, USA £
SAWTED stands for Structure Assignment With Text Description. It iz a method to improve the

SAWTED coverage of the detection of remote homaologues of known structure by sequence searches g

(e.g. PSI-BLAST) and fold recognition programs.

A fold recognition/homology modeling server that uses predicted secondary structure and

ssPsi evolutionary information.

UCLA-DOE Protein fold recognition by threading. UCLA-DOE, USA



Cont’d - Web Resources

Ab - Initio Methods

Uses an elastic net combinatonal optimization to determine the kbwest-energy conformation

for a residue-residue energy function. This enargy function inconporates information from
ELAN-PROT sacondary structure pradiction methods, and also adds a termn for any known non-ocal
residue contacts. Side-chain detail iz prasantly being addad to the protein model. Side
chains will be added to the predicted C_a trace by adding a full backbone and then using
SCWHL.

Sequences are converted to sequence profiles using PSI-BLAST. Fragments of structure ar
predicted using the |-sites Library, which also produces a movesat for the next step. Roseita

Isites usas the |-siles gragments to do a Monte Cado Fragment Inserion conformational search for
peices of length 36-50. These pieces are spliced logether using a genalic algonthm, to
create the coordinates for the complete sequence.

PETRA An ab-initic protein fragment prediction method, Biochamistry Dept., Cambridge, UK

Model Building

AL2TS Translates sequance-structure aignment into tertiany structure. PredictionCentar, Lawrence
e Lwvermora Matl. Lab.

Software | Programs

Homol Builds models from manual aignment and assignment of SCRs, kbops and side chains
nomeiony {rotamers).
MODELLER MODELLERA: Homology protein structure modeling by satisfaction of spatial restraints,

Andrej Sali Lab, Rockefeller University, LISA.



