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e Protein folding

e Protein alignment



Protein Folding

HP Lattice Model (Dill)

e Data: £ = lattice; N(p) ={q € L: |z, — xg| + |Yp — Yol + |2 — 24| = 1}

{H;}} = 0-1 sequence, where H; = 1 means the i-th amino acid is hydrophobic.

if acid ¢ assigned to point p;

Vip = )
w 0 otherwise.

e Variables: { 1

ho — 1 if 32,] ) UipHi = quHj = 17
P41 0 otherwise.

o [P:

max Z Z hpq: hp‘l’vip € {07 1}Vi>p7%
pel qGN(p)

n n
assignments: E vip = 1, E Vip < 1
p:l 1=1

sequence order: Z Vit1,4 > Vip (1 < 1), Z Vig1,4 > Vip (1> 1)
seN ) seN (v)

n n

scoring: N,y < ZvipHi, hpg < ququZ-,
i=1 i=1

symmetry exclusion: vy, =1, g vy, = 1.
peP

P={pel:z, <4y, <4y, > z,} = +Quadrant III.



Region Restricting a; to Eliminate Some Symmetric Folds

axis of reflection: y=x

************************************

*************************************

*************************************

*************************************

***********************

******************************

***********************************

Linear Programming Relaxation (LPR)
(Used in Branch & Bound Algorithms)

max Z Z hqu hl"l’vip S [071] Vi7p7Q7

assignments:

sequence order:

scoring:

symmetry exclusion:

pel qeN ()
TL2 n
dovp=1 ) vp<1
p=1 i=1
Z Vit1q = Vip (i < 1), Z Vit1,q = Vip (1> 1)
qu(p qu

hpq < ZUZPH“ hpg < Zvlq .
Umpm — 1 Z’Ulp— 1.

peP



LPR Assignments

y=8
y=7 9:25
y=6 8:25
y=5 9:256 8:25 T7:256 6:25 9:25
2:25 7:25
y=4 2:25 50 8:256 5:1 6:25
1:25 6:25
4:50
y=3 1:26 2:256 9:25 8:26 7:25
3:50 6:25
1:25 4:50
y=2 1:26 2:26 7:25
y=1
y=0
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Decompose

Fold 2

Fold 1

it St S S |

Remainder




Interactions from Superposition

Fold 1-Fold 2 Interactions

Fold 2-Remainder Interactions

Fold 1-Remainder Interactions




Fold Cuts

Given fold v/, its support set is o(v!) = {(i,p) : Ul-j; =1}.

Eliminated by Z vip <n— 1

(i,p)€o(vf)

V1,21 + V2,22 + V3,31 + V432 + Us.41 + V6,50 + V7,49 + Vs as + Vg a7 < 8.

V1,29 + V2,30 + V3,31 + V4,32 + Us.41 + Ve,a2 + V7,51 + Vg0 + Voge < 8.

In both cases, LHS — 31, so no constraint!



Tucking in the Folds

Require v;, = 0 if |z, — 2, | + |Yp — ¥p,,| > R = radius (parameter)

R=2
y=8
y=T7
y=6 59
y=5 49 50 51
y=4 39 40 [41] 42 43
y=3 31 32 33
y=2 23
y=1
y=0



R = 2 in example = OPT = 111 (< 121)

y=8
y=7
y=6
y=5 3:33 4:33 7:33
7:33 6:33
8:33 8:33
9:33
y=4 1:33 2:33 5:1 6:33 9:67
4:33
6:33
y=3 1:66 2:66 3:33
4:33 7:33
8:33
y=2 3:33
y=1
y=0
x=0 1 2 3 4 5 6 7 8

Cannot decompose!
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Protein Alignment by Contact Maps

Contact map = graph: V = {1,...,n} < residues
E:{(Z,]) i<j, ding}

Given 2 contact maps, their similarity is measured by relative size of maximal
subgraphs that are isomorphic while preserving order of backbone sequences.

Example: Non-crossing Association with Value = 5

Gy

(From Carr-Istrail-Lancia-Walenz [2001].)



0-1 IP Formulation
Given: Gl = [Vi, El] and G2 = [‘/2, EQ]

Variables:
. B 1 if nodes ¢ € V; and j € V5 are associated;
Y 1 0 otherwise.
o 1 if edges (i, k) € Ey and (j,1) € Esy are selected,;
Yk G 0 otherwise.

Objective: max Z Y. k) ()

(i, k) S
(j: l) € Es

Constraints:

Endpoints associated: yg 10 < ®ij and yiry i) < Tri

Associations unique: inj <1, VjeVy, and inj <1, Vie Vi
eV j€V2

Non-crossing: zij oy <lforl<i<k<|ViJand 1<I[<j<|V4.

©. ®
e

Clique Inequalities

13+ x22 <1, w13+ 31 <1, wa2 + 231 < 1.

v @ 6
v @ ®

= r13+ T+ w3 < 1.

TV
stronger

General: Z x;; < 1 for any (maximal) clique, C'.
(i,j)eC
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Another example: isomorphic contact maps

1e Vi

1

LPR Solution
Jj eV

2

3

4

9

6

S T = W N =

0.167
0.167
0.167
0.167
0.167
0.167

0.167
0.333
0.167
0.167
0.167

0.167
0.167
0.167
0.167
0.167
0.167

0.167
0.167
0.167
0.167
0.167
0.167

0.167
0.167
0.167
0.167
0.167
0.167

0.167

0.167
0.167
0.167
0.333

3-cliques = no effect;
4-cliques = no effect;
5-cliques = no effect.

Only 6-clique is:

= no effect!

16 + Tos + T34 + a3z + 52 + 261 < 1
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Branching on one variable ineffective!

10.83
8.67 10.19
JEV:
eV 2 3 4 D 6
1
2 0.333 0.333 0.333
3 0.333 0.333 0.333
4 0.333 0.333 0.333
d 0.333 0.333 0.333
6 0.333 0.333 0.333
JEV:
1€ V) 1 2 3 4 D 6
1 0.308 0.192 0.038 0.308
2 0.308 0.192 0.192 0.192 0.115
3 0.192 0.192 0.077 0.192 0.038 0.308
4 0.038 0.192 0.192 0.192 0.192 0.192
5 0.308 0.115 0.038 0.192 0.038 0.308
6 0.308 0.192 0.308 0.192




Conclusions

e LPR is highly fractionated.

e Symmetry exclusion crucial, even during search.

e Usual cuts and branches ineffective.
e Usual decomposition ineffective.

e Tight folds show promise.

14



