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e Divergent Evolution (&5 31k)
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Example: Calmodulin

Two forms of
calcium-bound
Calmodulin

(E5 & A):

Ligand free

Complexed with
Trifluoperazine

(=A%)




: Calmodulin

Global alignment: Local alignment:
RMSD =15 A /143 residues RMSD = 0.9 A/ 62 residues
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e RMSD (root mean square distance)

[Is the resulting distance (similarity measure) D a metric?}

D(A,B) < D(A,C) + D(C,B)
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RMSD
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RMSD is not a Metric

CRMS =2.8 4 ,
cRMS = 2.85 4
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Superposition
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K
min e = ; |T(Ag) - By

o Zn|@l: Statistics, Robotics, Medical Image
Analysis, ...
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Superposition

o WIfAAZHE (rigid-body transformation) FH jg¥%
(rotation) RFIF-42 (translation) t2H Ji¥%

o SRIGEPUACIA -
T(x)=Rx+t

K
ine = Ar — B :
min ¢ ’; | RA —



K
QZ RA, — B, +t) =0
k=1

- % (RZAk —I—ZBk)
k=1 k=1
o WIRAMIBHRLLE sy, Nt=0
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1 1
barycenters  pia = E Ap, puB= e 5 Bj,
k=1 k=1
.

X = (A1 — pa, Az — pa, - aAk—/JJA)\
\Y: (Bl —/JJB,BQ_/«LBV" 7B]€_/JJB))
covariance matrix Cc=XxYT

Nx3
3x3 3xN
B - N -




e Singular Value Decomposition
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* &

X

c=Upv"

)
S{
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N
I, if det(C') >0

diag{1,1,—1}, otherwise

J

R=USVT)




Superposition®=3

1 & 1 &
)UA:?kZ_:lAka MBngz_:lBk

O(N) In time!
X =(A1 —pa,As —pa, -+, A — p1a)
Y = (Bl_:uB7BQ_IUJBv"' 7Bk_)uB)
C=XY"

v
=] [ opsr
’

I, if det(C') > 0
o diag{1,1,—1}, otherwise 1 EK: EK:
1a 3 L ) = — | — +
g t I < Rk:1 A 2 Bk>
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2 X9 L 33 )al ER
o 3YEZE[AIIPA A A=(AL, A2, ..., An) FI B=(B1, B2,..., Bm)

o KB EmAAITLE A(P) 1 B(Q) i 2 |A(P)|=|B(Q)|

. Eiﬁijﬁ?ﬂ%ﬁﬁ IR e T, 645 A(P) A1 B(Q) Z 1] F 2
B /)

« A(P)FIB(Q) /& X T —A> “HuX”

* L=]A(P)|=]B(Q)| FRALXIIKIE
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min D (T(A(P)), B(Q))
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DALI (Holm and Sander, 1993)
SSAP (Orengo and Taylor, 1989)
STRUCTAL (Levitt et al, 1993)
VAST [Gibrat et al., 1996]

LOCK [Singh and Brutlag, 1996]
CE [Shindyalov and Bourne, 1998]
SSM [Krissinel and Henrik, 2004]
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e Distance-matrix-based Methods
e Coordinate-based Methods
e Secondary-structure-based Methods
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Distance-matrix-based Methods

DALI [Holm and Sander, 1993]

CE [Shindyalov and Bourne, 1998]
FATCAT [Ye and Godzik, 2003]
SSAP [Orengo and Taylor, 1989]



STRUCTAL [Levitt et al, 1993]

SAMO [Chen et al, 2006]

TM-align [Zhang and Skolnick, 2005]
ProSup [Lackner et al, 2000]



Secondary-structure-based Methods

VAST [Gibrat et al., 1996]
SSM [Krissinel and Henrik, 2004]
LOCK [Singh and Brutlag, 1997]



DALI

DALI (Distance ALIgnement)

Web Server:
— http://www.ebi.ac.uk/dali/
— http://www.ebi.ac.uk/DaliLite/

Databases and resources:
— http://ekhidna.biocenter.helsinki.fi/software#dali

DaliLite (standalone version, pairewise comparison)
— http://ekhidna.biocenter.helsinki.fi/dali lite/downloads



http://www.ebi.ac.uk/dali/
http://www.ebi.ac.uk/Dalilite/
http://ekhidna.biocenter.helsinki.fi/software
http://ekhidna.biocenter.helsinki.fi/dali_lite/downloads
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Euclidian

: 03.8...
distance 038
<—
Distance 0
geometry

Structure Distance matrix
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DALIZ 3
1. 3B rHULAC Y hexapeptites

d;;

B *
—dP a;,

D=3 D (e~ =) en(=()?)

i=1 j=1

* 1 A B
d;; = §(dij + d;3)

2. 3 FARAGR K 7758

bt o

JLAC HJhexapeptidesif
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SA(?:aj) — 1+ 5d(A7;, Bj)2

Penalty = 10
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e R. Kolodny and N. Linial, Proc. Natl. Acad. Sci. (USA), 101,
12201-12206 (2004). Approximate Protein Structural
Alignment in Polynomial Time.

i ZRANGrouip o5

-

\_

Ve > 0, d a finite set G(¢) of transformation such that
1. |G(e)| is polynomial in N
2. VT, 9T € G(e) such that ||S(T) — S(1g)|| < €

J

5 ek - O(N10/66)




SAMO

e Structure Alignment by Multi-objective Optimization

Ny ny

T(S,A,R) =) Y si|A+RX; Y|
1= 1j 1

Ny

=33

1=1 73=1

BMC Structural Biology (2006), vol. 6, 18



v-minimize

subject to

SAMO

(T(S,A,R), —m(9)) for S, A, R
ZS’U <lforj=1,...,ny
i=1

Ny
ZS’U <lfori=1,..,ny
j=1

sij € 10,1}

BMC Structural Biology (2006), vol. 6, 18
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Epsilon Method

minimize 7(S, A, R) — A*m(S) for S, A, R

Ny
subject to ZS’U <lforj=1,..,ny
i=1

Ny
ZS’U <lfori=1,...,ny
j=1

sij €10,1}

BMC Structural Biology (2006), vol. 6, 18
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SAMO Algorithm

mlnlmlze Z Z sij|A+ RX; — Y;|?

1=1 j5=1

/minimize Z Zsij(|A + RX; — Y| Q

S — <
1=1 j=1

subject to ZS’U <lforj=1,..,ny
i=1

Yy
ZS’U <lfori=1,..,ny

g=1

K si; € {0,1} /

BMC Structural Biology (2006), vol. 6, 18




‘ fwrw OR

SAMO Enhancement

e SAMO with Weights

T(S, A, R) iZS’LJ|A+RX Y| 2wy,

1=1 j=1

Ng ’I’Ly
=) D sijwi

i=1 j=1



SAMO Enhancement

* Possible weights
— Amino acid similarity
— Secondary structure similarity
— Local structure similarity

e Problems
— Influence to solution
— Biological meaning



MatAlign

ok W
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QMmoo N
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gl olzmale
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Protein P @

Irow-1row
matching scores

ke whe

Distance matrix of P

R ] s

RRRb&RP

Rles R RHE0

ST EEen

anow

ol vlolwy
Qlmolw o
glo/mlala
ol Qoo

Distance matrix of Q)

P|1|2|4 5
Qla|b|c|d|

Alignment of P and Q



MatAlign

a/(|ldl —d2| + «a)

Match(d1, d2) = { ;

if |d1 — d2| < Tyaten

otherwise
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MatAlign

1 2 3 4 5 6 7
0.00 | 1100 | 100 | 200 | 3.00| 4.00  16.00
11.00 | 0.00 | 12.00 | 13.00 | 14.00 | 15.00 | 17.00
1.00 | 1200 (| 0.00 | 500 | 5.00| 7.00 | 18.00
200 | 13.00 | 500 | 000 | B8.00| 9.00 19.00
3.00 | 14.00 | 6.00 | 8.00 | 0.00 | 10.00 | 20.00
4.00 | 15.00 | 7.00 | 9.00 | 10.00 | 0.00  21.00
16.00 | 17.00 | 18.00 | 19.00 | 20.00 | 21.00 | 0.00

1 2 3 4 5 6
000 | 105 210 315 1105| 420
105| 000 505 6610|1210 715
210 505| 000 820| 1315 | 905
315| 610| 820| 000 1420 | 10.10

1105 | 1210 | 1315 | 1420 | 000 | 15.05
420 715| 905 | 1010 | 1505 | 0.00

Distance Matrix of Protein A

Distance Matrix of Protein B
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il
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T, 5
=
= 6
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= 7
A
DM 1]

D[ 1]

Row #1 from B2 Distance Matx (DM g[1])

1 2 3 4 5 L

.00 1.05 290 | 315 | 11.05 | 4.20

000 | 000 000 000 000 000 000

000 | 000 1.0 100 1.00 | 100 | 100 1.00
1M.00 | 000 108 102 110 1.11 | 185 | 1895
100 | 000 | 100 185 1596 195 1585 218
200 ) 000 100 195| 286 | 286 | 285 286
300 ) 000 | .00 19| 286 | ITI| IFI| IT3
400 | 000 | 1.0 1985 | 286 373 | 386 | 4.56
16.00 | 000 | 100 195 286 373 | 390 4.56
Q.00 | 11.00 | 1.00 | 200 | 3.00 | —— | 4.00 | 16.00
000 | ——| 105 210 | 315 1105 | 420 | ——

"OR



1 2 3 4 5 6

1] 456 | 214 | 1.70 | 155 | 1.97 | 1.35

2| 161 | 215 | 2.39 | 2.27 | 452 1.78

3| 2.05| 468 | 2.29 | 1.92 | 2.25| 1.68

A 4| 1.80 223 | 465 256 | 2.27  2.25
5| 1.55 1.89 | 2.55 | 4.52 | 211 | 248

6| 1.26 | 161 | 1.96 | 2.75 | 1.81 | 4.56

7| 1.00| 1.06 | 114 | 1.25 | 1.68 | 1.54

Row-Row Alignment Score Matrix ( S )




OR

B

1 2 3 4 3 6

0.00 | 0.00 | 0.00 0.00 0.00 0.00 | 0.00
0.00 | 4.56 | 4.56 | 4.56 | 4.56  4.56 | 4.56
0.00 | 456 | 6.71 | 695 695 9.08| 9.08
0.00 | 456 | 9.25 9.25 9.25 0.25 | 10.76
0.00 | 456 | 9.25 | 13.89  13.89 | 13.89 | 13.89
0.00 | 4.56 | 9.25 | 13.89 | 18.42 | 18.42 | 13.42
0.00 | 4.56 | 9.25 | 13.89 | 13.42 | 20.33 | 22.98
0.00 | 456 | 9.25 | 13.89 | 18.42 | 20.33 | 22.98

Dynamic Programimmg Matirix

1 2 3 4 5|—| 6 7
1|— 2 3 4 5 6| —

Resulted Aligned Pairs
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Special Example

L
32 (9101
45678
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Special Example
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Special Example

67| 8|9 (10|11 -

112|314 ]| 5
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A <

Special Example

10
11
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Special Example

1 2 3 4 | 5 6 7 - - - 8 10 | 11
a b C d e f - g h [ - -
1/-|-1-12|3|4|5]|-1]6 8 10 (11
-la|lblc|d]| - - - e | f h J -
1(2|3|4|-]|-|5B5|6]|-]-/|- 10 | 11
-1 -1-1-]lalblec|-|1d|e]|f ] -
2 3 4 6 - 7 8 10 | 11
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Special Example

10
11
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Special Example

112 |34 |56 |7/ - - -1 8 | 9 10|11
a|lb|c|d|je]|f - | g | h [ - - -
1|12 |3 |4 |56 |7/ - - -1 8 | 9 10|11
a | b|c|dj|e]|f -1 g | h [ - - -
112 | 3| 4 6 - - 18| 9 10|11
a|b|c|d|e]|f h | i - - -
112 |3 |4|5|6 |7/ - - -1 8 | 9 10|11
b | c | d|e|f - | g | h | - - -




SANA

e Structure Alignment by Neighborhood
Alignment

— Construct graph
— Detect clusters

Amino Acids, 2010.
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g 3< (Curvature)

Radius of Curvature

_d(x,y)
R(x.y.2)= Z‘Sin(il

Global radius of curvature:

p(X) = miniR(x, y,2)}

Thickness:

A =min{p(x);




)& E (thickness)
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Rate of true positives (%)
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EH8HBERME (Convex Hull)
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Feature Sequence of Surface

Value of teature of srtecs dusribubion
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