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Why Align Structures?

Fundamental step in:
* Analysis & Visualization
* Comparison
* Design

* Useful for:
* Structure classification
» To predict protein folds.
* Gold standard for sequence alignment.
* Structure prediction:
» Identifying "structural core".
* Function prediction
* Function of protein is determined by its structure.
* Drug discovery
+ To pinpoint active sites accurately.
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Structure Alignment: Issues

Theoretical Issues N
‘NP-hard geometric problem
*Heuristics needed

*No unique solution Goals Desirable

Automatic

-Discriminating
Methodological Issues -Fast

Choices:
* Structure Representation
- Scoring function
» Search algorithm
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Structure alignment Problem

Simple case - two closely related proteins with the
same number of amino acids.

——

O @
Find a transformation °

to achieve the best
superposition
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Structure Alignment Problem

Two sets of Points in 3D space:

A = (al, a2, .., an)

B = (bl, b2, ..., bm)

A(P), B(Q): Optimal subsets with |A(P)|=|B(Q)],

/ Distance
min_{ d( A(P) - T(B(Q)) )}

N\

Optimal rigid body transformation
(calculated by Diamond (1998) method)
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Two Subproblems

1. Find correspondence set
2. Find optimal transformation

(protein superposition problem)

Introduction




Correspondence set

’
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*Correspondence is a key problem.
*Exhaustive search intractable.
*Heuristics are applied.
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Superposition

e Two sets of points
A={al,...an} and B = {bl,....bn}

)

e Correspondence pairs (ai, bi)
e FindT
minT{ RMSD(A,T(B)) }

Introduction




Aim of the project

e To make algorithm more efficient
e debugging
e optimization
e extension
e imporve quality of alignments
e organization of code
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Algorithm

. Best Frag
Intra-Molecular distance Quartet 1

Seed Alignments Quartet 2
(Fragments & Quartets)

Ca Match?
increased

Alignment

Dynamic Programming
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Optimization
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Intra-molecular Distance Matrices
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Seed Alignments
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Extend Fragment
Make Fragment

Quartet
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Algorithm

Best Frag

Quartet 1
Quartet 2

Ca Match?
increased

Alignment

Dynamic Programming

A 4

- Displ
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Algorithm- Pitfalls

/-Simple Similarity measure
1: Match

N O: No match

N
Alignment

@

Intra-Molecular distance

Sead Alignments

{Fragments & Cuartets)

l

Dwnarmic Programrming

Method

Display
Best Alignment

Co Match
nore ased
/'
\ /

Optimization




Algorithm- Pitfalls

31 41 51 &6l

APTATLANGDTITELNATTNEAFR PEF-AEPPVGENLEFEDEVEY SEELDEOEF T SY GPECMOON PEGTY
#

#*

31

71 g1 101 111 121 131

EENLPEAATL DT MO SEYEFEAVEPESEDCLTINYVWEPPGTEAGANLEPVMLWIF GEEFEVWGEZTSTEF PPACOMT
o EE EEEEEEE LA *
xxx [ kkk Ak kA k * K

DWEFLCLHGEPTWS - ——-YLY¥REMIP
41 51 61

‘Problems in aligning two structures low similarity.
*Alignments sometimes fragmented.

-Single matching residues not in sequential order
(letters in the alignment).

*‘No optimization after dynamic programming.
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Algorithm- Pitfalls

Protein3DFit

N%m.s.d.(A")

VAST

I\I%m.s.d.(Af’)

DALI

N%m.s.d.(N)

CE
N A
%m.s.d.(A")

39/1.0

48/2.1

71/1.0

78/1.6

86/1.9

87/1.9

42/1.1

63/2.5

85/3.5

52/1.2

74/2.2

85/2.9

54/1.2

71/1.9

81/2.3

69/1.9

59/1.1

85/2.2

95/3.3

94/2.7

100/1.2

211/3.4

187/3.2

129/1.2

284/3.8

286/3.8

264/3.0

52/1.1

74/2.5

98/3.5

94/4.1

70/1.1

82/1.7

108/2.0

116/2.9

Reference: 10 'difficult' structures from (Fischer et al.) obtained by Dali (Holm & Sander, 1993) ,
VAST (Madej et al., 1995) & CE (Shindyalov & Bourne, 1998)




Algorithm - Extension

Next Seed

[
CA Matches

CA Matches
Increased?

Alignment Optimization
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Superimpose

Ca
Matches ?

Optimization

Next

Intra-Mol distance based
Seed Alignments
(Fragments & Quartets)

Best Frag

Quartet 1

Quartet 2

|

No

Next

i<N <
\l\/es

A 4

Alignment

Dynamic Programming

A

Superimpose

Yes

Ca Match
increased

Sup. Archive

Optimization




Similarity Score

Ciox
hd atche= 7
ncre ase

Optimization

Sij :similarity score used in DP

M :maximum score for a match

di j :distance Alignment

Cwriarmic Prad R g

do :distance resulting in half-maximal

similarity Display
Best Alignment

Source: Gerstein Levitt, 1998
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Quality Function

Q score, ratio of no.
of aligned residues & RMSD

Naign :number of matches (equivalent
residues)

N, .N.:length of structure 1 & 2

Cux
matche=s 7
ncre 3se

Optimization

respectively

R, :empirical parameter measuring
Relative significance of N, & RMSD

align

Source: Krissinel & Henrich (2004)

Method

Alignmemnt

Cwyrnamic Programiming

[ Stop =

Display

Best Alignment
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Results

Chain
1

Chain 2

Protein3DFit

N%m.s.d.(A")

VAST

I\I%m.s.d.(A")

DALI

N%m.s.d (A"

CE
N A
%m.s.d.(A")

1IFXT:A

1UBQ:_

59/2.9

39/1.0

48/2.1

1TEN: _

3HHR:B

82/1.7

71/1.0

78/1.6

86/1.9

87/1.9

3HLA:B

2RHE:_

69/3.4

42/1.1

63/2.5

85/3.5

2AZAA

1IPAZ:

80/2.3

52/1.2

74/2.2

85/2.9

1CEW:I

IMOL:A

76/2.1

54/1.2

71/1.9

81/2.3

69/1.9

1CID:._

2RHE:_

91/2.6

59/1.1

85/2.2

95/3.3

94/2.7

1CRL:_

1EDE:_

181/3.2

100/1.2

211/3.4

187/3.2

2SIM:_

INSB:A

265/3.2

129/1.2

284/3.8

286/3.8

264/3.0

V| O NcOl| W

1BGE:B

2GMF:A

81/3.0

52/1.1

74/2.5

98/3.5

94/4.1

—
o

1TIE:_

4FGF:_

105/2.6

70/1.1

82/1.7

108/2.0

116/2.9

source: 10 ‘difficult' structures from (Fischer et al.) obtained by Dali (Holm & Sander, 1993) , VAST (Madej et al., 1995)

& CE (Shindyalov & Bourne, 1998).
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Results

[0 Protein3DFit
O VAST

M Dali

W CE

I

1 2 3 45 6 7 8 910
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TEWNTLET

*E * * *

3Dfit-ext

————— L-E-DGRTL3IDYI IQE

S, 61

CE

WIETHE-

b

ATLHLV-LE

71

-PD-DE--YILDWVAEEEGL-DLPY3S

Rmsd= 384 Z-Score =3.1

Sequence identity = 9.4%

1FZT: 4 5/ VTLETPD-GDNYVITVPDDEY-—-ILDVAEEEGLDLPY3CRAGACI TCAGELVIGPAFPDED Aﬁgne&Qﬂppuﬁﬁuns
1URQ: IS4 IFVETLTGETITLEVEPSD TIENVEAKIQD-EEGIFPD——————— QOORLIFA————————

1FZT: 4 61/ 62 OIFLDDDOIOAGYILTCVAYPT————— GDCVIETHEEEAL

1UBQ: 47/48 e GEOLEDGRTLEDYNIOKESTLHLVLELEG

(6436

|pd.b1fxi 986 pezddues  ->  pdblubg 76 residues
matching Ca: [ 40.62% / 51.32% )
rims deviation? 027523 min. length: [

1 11 z1 31 41 51 61
AIYFVTLETPD-GDNVITVPDDE-——-YILDVAEEEGL-DLPYSCRAGACS TCAGKLVSGPAPD-EDQSFL

* oEEEE EEEREE EEEEEREREE K K O[T Ew B oo *

* oEEEE wEETET F F oREETEEEET F % W] Ew o o
M-—-QOIFVETLTGETITLEVEPSDTIENVEAETODE-EGIPPDOQR———————— LIFAGEQLEDGRTLSDY
1 11 21 31 41 51

71 51 91
DDDOIQAGY ILTCVAYPTGDCVIETHEEEALY
o F F EEEEE
s EEEEE
NIQKES——————————————— TLHLVLRLRGG
61 71

Dali

No 1: Query=moll A Sbjct=mol2 Z-score=4.0

D33P 11EEEEEEEL.LEEEEEEELLLL...LHHHHHHHHLLLLLL1111111lLLEEEEeelll
ouery asYEVTLETP.DGDHNVITVPDDE. . . YILDVAEEEGLDLPYscragacsTCAGELvsgpa =14
ident | | |

Zbhjct . MOIFVETLtGETITLEVEPSDtieNVEAKICODEEGIPPD..uvuu. QORLIF..... 45
DS5P . .LEEEEEELI1LLEEEEELLLLL1hhHHHHHHHHHHLLLHH........ HEEEEE.....

D33P 11111111111111LLEEERHHLLL..... LLLEEEELL111111

ouery pdedgsfldddgigAGYILECVAYP. ..., TGDCVIETHkeealy 96

ident

SHICE i aGKQLE. DGRTL=dyniQKESTLHLV1rlrgy 76

DEEP . e e 1LEELL.LLLLLhhh11LLLLEEEEE=11111




T-LLYYTEFT

* T *

a1

41

GF—-HPEDIEVDLLEN-----GERI-E-———- B

CE

Rinsd = 3.4A Z-Score = 3.7
Sequence identity = 2.4%
Ahgned/zap positions = 84/31

JHLA:E 445 TPEICVY3IRHP AENGESNF LMCYVIGFHP-3D IEVDLLEN

Z2RHE: 34 VLTOFPSA-———-3GTPGORYV TISCTGSATD IGISNEVIWY QOVPGEAPELLIYYINDLLEP3GV
JHLA:E 45,49 ———FKVEH3DLEF3EDWIFYLLYYTEF TFTEKDEY ACRVITHV--TLZOPEIVENDE
ZRHE: 60761 SDRFSASKESG——————— T3ASLATSGLESEDEADYYCAAWNDSLDEPGFGGGTEL

1_pdbihla ag-rwgiduss -> pdbirhe 114 residues

watching Ca: ( 4z.42% / 36.84% )

rms deviation 66318 win. length: 7 3Dfit old
-

1 11
IoR-————— TPEIOVYSRHPAE-—————
FTE OEEEELTN
F E I CE & FEOEEEELL ooo N
ESVLTOPP S ASGTPGORY TISC TGS ATD IGEN SV IVYQCVPGEAPELL IYYNDLLPSGVSDRF SASKSGT
1 11 21 31 41 51 61
21 31 41 51 61 71
——————————— MNGESHFLNCTVSGFHPSD IEVDLLENGERIEEVEHSDLSFSKDWSFYLLY-YTEFTPTE
* FEEEELEES j‘ B c D E F * G *F ****th
H L K J I Whh FEEERLTEY G * TE OFEEE
SASLAISGLESEDE-ADYYCAAWNDS————————— - ———————— LDEPG———-FGGGTELTVLG
71 21 o1 101 1
21 o1
KDEYACRVNHVTLIQPEIVEWDEDH
JELMNN ooo
QPKE

11

No 1: Query=mollB Sbjct=mol2 Z-score=5.4

[3SF 11111EEEEEelLLLLLLLLEEEEEEEEEE111LEEEEEEEL..... LEELL.vvuuuns
Query igrtpRIoVYsrHPAENGESNFLNCYWIGFhpsDIEVDLLEN. . ... GERIE........ 47
ident | [ |

Zbjct .. .esVLTOPpsASGTPGORVTISCTGI ATdigaN3VINYOOvpykaPELLIvyndllps 57
[3SP ...1l1LLLLL1eEEELLLLLEEEEEELLLL111LLLEEEEEL11111LEEEE11111111

D33P ... LLEEL1leellll1eEEEEEEEE. 11LLLL. .LEEEEEEELLLLLLEEE.ELLL
Query ...... EVEHSd1lsfskdwsfYLLYYTEF . tpTEKD. . EYACRVNHVTLIQPEIV.KUDR a7
ident | | Il (.

Zhjot gvsdrfSASKES. ... ... ... GTSASLAI=glESEDeal YYCAAWNNDSLDEPGFGgGTEL 107
L3SF 11111eEEEEE.......... LLEEEEEE111LHHH1=EEEEEEEELLLLEEEEL1LEEE

D33P ..., 11

CUBEY ouuas dm a9

ident

Zhjct tvlggpk 114
D33P eelllll




3Dfit-ext

bdeSim 381 dues -> pdblnsh 390 residues
matching Ca: { 33.86% / 33.08% )
rms deviationt 7276508 mwin. length: 10

o H JIJ KEE LLLLLLLLLL I
EPEWTYPRLICOGETFOKALLISPHRFGEARGNSAPLITIREPF IACGPEECKHF ALTHY ALQPGGYYNGT
] =14 Q6 106 118 126 136

1z 22 3z 42

—— - ~SUVFKAEGEHF TDOEGNT IVGSGS GG TTEYFRIFANC TTSKGTIVY
TEEL FOETEFLEEE O FEEN

II A MMMMMMM TEEL T OEERLTEEERE FEEE

REDENELRHL ISVKLGKIPTVENS IFHMAL - USGSLCHDGR-EWTY
146 156 166 178 186

52 62 Te =254 92 102 112

FADARHNTASDOSF-IDTARARS TDGGRTUNERE AL YDEVHN S ELSRV-NDPTCI-——VANIQGRETILV
+hEE i + EEEEE rE * XL * + * FEEE

TEEE * REEEE K * FEE * % % E * FEEH
IGVDGP—————— DENALIEIEYGE-———-— ATTDTYHITA————— MNILR-TOQESACHNCIGG-————DCYL
1396 2068 Z16 228 23

122 132 142 152 162 172 182
MV GEVNHNDETHG AYRDEAPL TD WDLVL YRS TDDGY TFSKVE TN IHD IVTENGTIS ANLGGVGSGLOLND
TEE * EEELTE *E * *E * B ***
TEE * TEEEL T * *E * EEE
MITDGS————— ASGISK-—mm e CRFLEKIREG--RIIEEIF-PT-GRVE-———— HTEECT--CGF AS—
6 246 256 266 276

19z Z0z z1z Zaz

G-KLVFPVOMVRETENITTVLHNTEF ITETDG——ITUSLP3GYC-E-GF & —-—=
* EEE K Cc o % %% * * &

o * * T * * L C
HNETIECACRDNIVTAK-———— RPFVELNVETDTAEIRLMCTETYLDTPRPDDGIITGPCESNGDEGRGGT
286 298 3068 3la 326 338 34

232 242 252 262 27z 2@z
ENNIIEFN----ASLVNNIRN-——-3GLRRIFETEDF-GETU-—--TEFPPHDEEVDNENHGYQGITITIP

®  wEw FEEE 5% ) * * E F * *
®  wEw #5%% D #%% F E * % * *
KGGFVHORHASEIGRU TS RTHSKTERNGHEL YVRYDGDFWTDSD AL AHS V-~ MVINEEPGUTSFGFELK
6 356 366 376 386 396 406

29z a0z 312 322 332 342 3
SGNELVAA-HSS ACHNKNND Y-~ TRSDISLY AHNLYS—--GEVKL IDDF YPKVGNASGAGTSCLS TRENVD
LI L oy +* H IIT JJ7 EKE
O * * * * *
DEKCDVPCIGIEMVED GORKTVH-SAATAI- TCLUGEGOLLYDTVTGVDHAL
416 436 436 444 45§

5z 362 37z 382
KETLYVVYEANGS IEFQDLIRHLPVIKS TN
LLLLLLLLLLMMMMMNN

3Dfit-old




Outlook / Possible Extensions

* Use of secondary structure information in
alignment step.

* Update Protein3DFit webserver
* Multiple structure superposition
* Alignment of a protein structure against
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Questions?

Thanks a lot for your patiencel




	Slide Number 1
	�Benchmarking and Extension of Protein3DFit�
	Why Align Structures? 
	Structure Alignment: Issues
	Slide Number 5
	Structure Alignment Problem
	Slide Number 7
	Correspondence set
	Superposition
	Aim of the project
	�Benchmarking and Extension of Protein3DFit�
	Algorithm 
	Intra-molecular Distance Matrices
	Seed Alignments
	Algorithm
	Algorithm- Pitfalls
	Algorithm- Pitfalls
	Algorithm- Pitfalls
	Algorithm - Extension
	Slide Number 20
	Similarity Score
	Quality Function
	�Benchmarking and Extension of Protein3DFit�
	Results
	Results
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Outlook / Possible Extensions
	Acknowlegdments
	Questions?

