Visualization of pinfold simulations

Sebastian Potzsch

Faculty of Mathematics and Computer Science
University of Leipzig



Overview

1. Introduction

1.1 Protein folding problem
1.2 HP-model
1.3 Pinfold simulation

2. Information Visualization
2.1 Shneiderman’s mantra
2.2 Overview
2.3 Zoom and filter
2.4 Detalil views

3. Pinfoldvis Demo



1. Introduction

= Proteins:

Complex macromolecules

Chains of amino acids linked by peptide bonds
Typical a few hundred amino acids

Essential functions in organisms

Function depends on the structure

Complex structures



1. Introduction

= Protein structure:
Primary: amino acid sequence

Secondary: local conformations (a helices, 3
sheets, B turns)

Tertiary: real three dimensional structure
Quaternary: connection of polypeptide chains
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1.1 Protein folding problem

= Protein folding:

- Problem: Given amino acid sequence — native
structure

- Not completely understood
- Important to understand

- Known forces (hydrogen bonds, hydrophobic
Interactions, Van der Waals force, disulfide bonds)
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1.2 HP-Model

By Dill and Lau, 1989

- Amino acids — beads, unit size

- Bonds — straight sticks, unit length

- Positions fixed to lattice points

- Two classes H = {A,C,I,LM,F,W,Y,V} and

P ={R,N,D,E,Q,G,HK,P,S,T}

- Simple energy function
HPNX-Model

- H (hydrophobic), P (positive), N (negative), X (uncharged)
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1.3 Pinfold simulation

= Based on HP/HPNX-Model
= Simulates folding on lattices

= Structure description with self-avoiding
walks (SAW)
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1.3 Pinfold simulation

= Example
- Model: HPNX
- Lattice: SQ
- Sequence: NNHHPPNNPHHHHPXP

a) b)

a) Structure: FLFFLFFLLFRRFLL b) Structure: FLFFLFFLLFRRLFL
Energy: -13 Energy: -14



1.3 Pinfold simulation

= Move set

Set of rules T T I

Moves have to be reversible

Results have to be In
conformation space

Ergodicity |—
= describes topology of '
conformation space
= a) pivot move —
b) ¢c) end move d)
d) corner move .
e) crankshaft-move

b)




1.3 Pinfold simulation

Algorithm:

1.
2.

g W

Begin with start structure.
Check terminating conditions
(max. time reached, stop structure found).

. Generate all valid neighbor structures WAitEh their energy.
. Compute transition rates. p S UL e
. Choose neighbor structure with probability proportional

to p.

1
. Advance clock Sa = Step 2

current structure generate all neighbors compute transition rates p,  select a neighbor according to p,



= Qutput:

- Sequence
- Start structure

- Chosen structure, Energy,
Elapsed time

= Qur task:
Visualize pinfold output
Support data analysis

Emphasize possible
relationships

Provide simulation comparison

1.3 Pinfold simulation

HHPHPHPPHPHPHPH
FFLRLRFLLFFLRL
FFFRLRFLLFFLRL
FFFRLRFLLFFLRF
FFFFRRFLLFFLRF
FRFFLRFLLFFLRF
FRFFLRFLLFFLRF
FRFRLRFLLFFLRF
FLFRLRFLLFFLRL
FRFRLRFLLFFLRR
FRFRLRFRLFFLRR
FRFRLRFLLFFLRR
FLFRLRFLLFFLRL
FFFRLRFLLFFLRL
FFLRLRFLLFFLRF
FFRRLRFLLFFLRL
FFLRLRFLLFRLRL
FFLRLRFLLRFLRL
FFLRFRFLLFFLRL

-4.00 0.056
-3.00 0.735
-2.00 2.520
-4.00 2.849
-4.00 3.521
-3.00 3.689
-4.00 4.444
-3.00 4,587
0.00 5.556
-3.00 5.908
-4.00 8.026
-4.00 8.624
-3.00 9.211
-4.00 9.381
-1.00 9.786
0.00 11.068
-2.00 12.56562



2. Information Visualization

= “to visualize”: form a mental vision, image, or picture of
something not visible or present to sight, or an
abstraction; to make visible to the mind or imagination.
(The Oxford English Dictionary; 1989)

= Task:

Provide data analysis and exploration
Emphasize relationships

Uncover regularities

Expose the unseen (abstract)
Speedup cognition



2.1 Shneiderman’s mantra

“Overview first, zoom and filter, details on demand.”

ldea:
- Start with an overview for a better orientation
- Let user decide to filter interesting data

- Show different details only on demand for selected
data



“Overview first

~ Name: kh68_21to5

2.2 Qverview

Date: Wed Sep 14 11:07:26 2005

01 |(2|3|4|5|6|T ({89101 |23 4|35
| Sequence HHPP PHHHHPZXP
| Start structure LB s S B e LBk
| Stop structure FLFFLFFLLGF L L
3| il
% -10/x||  Energy map -0/ x|
Energy model: Simulation Index | Time | Steps | Found | EnergyMax | Energy Min B
Model HPNX 7 _l
dangle 2 | 1 591 0230 3 tue -1 14
Temp 37.0 |2 856 0.088 3 tue -1 14
Logml logarithmic [ » R
S AT |3 174 0220 3 tue 1 14
| 4 977 0.308 3 tue 11 14
Move set: T A
i sq I : 415 0414 3 tue N 14
NoShift off 6 | 450 0167 3 tue 1 14
Lt Cif O e o [ 878 0560 3 e M a4
R |8 350 0446 3 tue 1 14
|9 133 0502 3 tue 1 14
Simulation: [10 471 0.864 5 tue 3 14
Num 1000 [ 11 455 0.264 5 tue 1 14
Uil aulomuY [12 444 0823 5 tue M a4
Seed clock |
Mc Metropolis |13 876 1.227 5 tue N 14
Fpt on |14 340 0619 5 e 1 14
Output: |15 686 2957 5 tue 3 14
Log kheg_21tg |18 751 0449 5 tue o 14
Silent on ——
Lmin off 17 743 0.766 5 bue N a4
Cut 20.00 |18 430 191 5 tue 1n 14
x||| 19 702 133 5 tue 3 14
Population chast | 20 143 0422 5 tue -3 -14
|21 489 1159 5 tue 3 14
| 22 463 1.091 5 tue 3 14
|23 383 1.087 5 tue 3 14
24 209 0704 5 tue 3 14
| 25 230 0582 5  tue 11 14
| 26 28 0735 5 tue 1 14
|27 23 1830 B tue ol 14
| 28 673 1.389 7 tue 10 14
(28 438 1.735 7 tue 3 14
|30 192 0954 7 tue n a4 &
x| — Energy histogram x| — Stucture histogram
j__ | . _-_nu—.__—___L——ﬂL el sl nm_nik




2.2 Qverview

“Overview first

e: kh68_21tos Da ep 14 11:07:26 2005
0|1(2|23|a|5|6|T]s]|9l101|2|2|a|s
| Sequence HHPPHHPHHHHPZXP
| Start structure LB s S B e LBk
| Stop structure FLFFLFFLLEGTF e
E¥} £ |

Name, date, seguence, start structure, stop structure



verview

“Overview first ”

Date: Wed Sep 14 11:07:26 2005

T Name: khe8_21toS

{ 3 4 3 i S B EAE
Sequence HHPFP PHHHHPXP
1 [

I

Start structure L
Stop structisre |

= O xi Energy map = O3] ]
“Fou;-J_ E-r. .-g_\.l -h-_'..-“ . Erf_ruuT-i-l.n =]

| tue T | T
i frue 1 14
0.220, 3 tue 1 14

d parameters (mo
167 3 e N 14
0,580 3 tue " 14
n446 3 e 11 14
0,502 3 tue 1 14
5 tue 3 14
5 e i 14
g tue 1 14
5. te i 14
5 tue n 14
S5 b 3 14
B lue 11 14
5 e 1 14
8 hue i 14
» 5 hue -3 -14
Population chat _ﬂ 5 e 3 14
[z 5 toe 1
IL’E 5 tue -3 14
{ 5 tue 3 14
5 bue 3 14
5 tue 1 14
8 e 11 14
B tue -1 14
7 tue 10 1
7 e 3 14

0954 7 e 1 14 -

x| - Enesgy hislogram x| Stuchas histogram

;.I____® i E—— - : e e =




“Overview first

. verview

Name: khe#l_21tos

Date: Wead Sep 14 11:07:26 2005

| Sequence
| Start structure L
Stop structirs |

Energy model:

Model HPNX

dangle 4

Temp 37.0

Lagml logarithmic

Par VRENA-1.4

Move set:

Lattice 5Q o

NaShift off !

Nolp off e

|

- |

Simulation:

Num 1000

Time 1000000

Seed clock

Me Metropolis

Fpt on

Output:

Log khog_ 21t

Silent an

Lmin off

cut 20.00

AL B TR LN
PP PHHHHP X P
L e I L L
0 (Y L LEIL
5 |oixt | Enerey map =lofx|
| Simutation Indax TT-T Steps | Fotind _I_Eruﬂ Max I Enetgy Min. | "l
| 1 A 591 0O e n 14 e
2 B56 0088 3 frue 1 14
: T | 174 02X 3 tue 11 4 £
4 977l 0308 |
- Stop structure po
& 450 (167 E Y- n 14
7 78 0550 1 n 14
8 B0 0446 1 toe a 14
3| 138 0502 £ T -11 14
0 | an| s 5 tue 3 :
| 455 0254 TS i3 44
il 444 0823 5 e 11 1
[ 876 1227 5 tue 1 14
;14 | 940 0619 5 e 1 14
15 | 586 2957 5 e 3 4
:}s__ 751 0443 5 tue 1 14
17 743 0785 5 fue 11 14
[18 430 191 5 e 1 4
18 5 boe 3 14
‘ h:l 143 0422 5 e 3 14
|21 43 1159 5 tue 3 14
22 4659 1091 5 tue 3 4
(23 %3 1.087 5 we 3 14
i 24 2\ 074 5 e 3 14
|“5‘:'1_- 5 tue 11 14
o 5 toe a1 14
:F | 23 1830 B lue -11 14
ez 673 1363 7 e 10 4
i‘_ 438 1,735 7 e 3 14
£ 192 0954 A e 1 4 <t

x| - Enesgy hislogram
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2.2 Qverview

“Overview first

Energy and structure histograms

x| — Energy histogram %| — Structure histogram




2.3 Zoom and filter

zoom and filter

Simulation Index | Time | Steps | Found | EnergyMax | Energy Min
591 0.230 3 tue N1 14
856 0.088 3 tue -1 14
174 0220 3 tue -1 14
977 0308 3 true -1 14
415 0414 3 tue 1 14
450 067 3 tue N 14
878 0560 3 tue -1 14
350 0445 3 tue 1 14
133 0502 3 tue n 14
471 0.864 5 tue -3 -14
455 0.284 5 tue -1 14
444 0823 5 tue -1 14
876 1.227 5 tue 1 14
940 0613 5 tue 1 14
686 2957 5 tue -3 14
751 0449 5 tue n 14
743 0766 5 true -1 14
430 191 5 tue n 14
702 1.336 5 tue -3 -14
143 0422 5 tue -3 -14
488 1.159 5  tue -3 14
469 1.091 5 tue -3 14
353 1.087 5 tue -3 14
203 0704 5 true -3 14
230 0582 5 tue 1 14

28 0735 5 tue 1 14
23 1.830 B tue n 14
673 1.389 7 tue 10 14
438 1.735 7 tue -3 14
192, 0954 7 tue -1 14

Data selection (overview table, energy map)




2.3 Zoom and filter

“ zoom and filter

*Energy map

*Focus+context technique [==

"Huge data sets « limited
screen size

*Detalls and overview in one
view

*Hold up users attention as long
as possible
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2.4 Detall views

details on demand ”

= Multiple Views
- Two or more distinct views

- Support the investigation of a single conceptual
entity

- Views can differ in data or visual representation
- Different perspectives

- Allows direct comparison in real-time

- Linking several views emphasizes relationships



2.4 Detall views

details on demand ”

File Actions Windows Help
SdH

3D Model

=10l =

Options

Show | bean Contact Matris hd
Linked to | Cumrent v

B85 586

E53

I
Tools Showe Wiew
Step info

Simulation: 586
Step: 2518
Tirne: 575.768
Energy: 120
Locale minimum s

Mirirnumn filtered owerview

586
----- sim_B53
——— sim_BE5
— p— = : g e
72a0 0 T4ED 2164940 89320 | IEED | 433@0 0 B0EAI0 578540 ES0S.70 723300
361,65 108495 1808.25 253155 326485 397815 470,45 542475 £148.05 £571.35
Detail j
0.0
420
8404 251800, 2,00
1260

i : O T P S g “"‘ 5 g Ko i ‘, j
T T T T 1 I T ¥ T
2491.45 2496.76 : 280737 251267 2517.98 252328 2528.58 2544.49 la - =
243411 2499.42 2504.72 251002 251533 252063 2525.93 2531.24 2536.54 2541.04
-l d *




2.4 Detall views

details on demand ”

3d model



= 3D structure viewer

Name: kh68_21to5

Step: 58
Sim: 394
Time: 72.858

Name: kh68_21to5

Step: 58
Sim: 394
Time: 72.858

2.4 Detall views

Name: kh68_21to5

Step: 58
Sim: 394
Time: 72.858

Name: kh68_21to5

Step: 58
Sim: 394
Time: 72.858




2.4 Detall views

details on demand ”

Structure browser

Tools Showe Wiew

I
Step info
F FPZRAYFR
Simulation: 586
Step 2518 FPERR
Tirne: 575.768
Energy:

FFPRR
1 FFFOY-20 1 o !
120
Locale minimum s

FRPRR -0 FRRRRF
FRFOY 0 FFFOY R FFFOYZ




2.4 Detall views

= Structure browser

Structure browser
Tools Show  View

Step info

Simulation:

Step:

Time:

Energy:

Locale mimirwnm:

920
145
43,763
3.0

Structure browser
Tools Show  View

Step info

Simulation:

Step:

Time:

Energy:

Locale mimirwnm:

920
145
43,763
3.0




2.4 Detall views

= Structure browser

Structure browser

Tools Show  Yiew

Step info
Simulation: 334
Step: 154
Time: 44 477
Energy: -11.0
Lazale rinirmurn: -

Structure browser x|
Tools Show  Wiew

Step info
Simulation: 145
Step: 1]
Tirne: 0.oay
Energy: 120
Locale minimum: 21




etall VIEWS

details on demand ”

&

Els  Actors Windows Halp

S aH
30 Model | o] X
Mams bee Options
Show | bean Contact Matriz hd
Linked o | Cumrent -

S SB6
Biap 2518
Tima 578 788

Tools Showe Wiew

Step info 2515 2516 2517 2518 2519 2520 2521 2523
FFZP z
Simulation: 5BE
Step 2518 FPFRR d FPPRR
Tirme: 575,768 FFFQ "] o FFFQ "]

Energy: 120
Locale minimum 5

Energy chart

Mirirnumn filtered owerview

586
im_E53
——— sim_BE5

0 F23.30 144660 2169.90 28593.20 361650 4333.80 50E2.10 578E.40 EED3.70 723300
3E1.ER 1034.95 1808.25 2631.55 3264.85 397815 4701.45 542475 E142.05 E871.35

Detail j
0.0 =
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2.4 Detall views

* Energy viewer

= Qverview+detall technique
- Preserve the overview while exploring details
- Space multiplexing or time multiplexing
- Geometric zoom or semantic zoom

b imimum filtkered overview

........ sim_506
----- sim_E53
II- T N ET—rT—— -y emammman T Sim_BEE
T — — S E—— L — S—  —— L = S— — o e BT i " — —
) T 1 T 1 T T T T 1 T
0.00 F23.30 1446 E0 2165.90 2893.20 361E.50 4339.80 A0E3.10 578640 BR09.70 F233.00
3E1.65 1084.95 1808.25 2531.55 3204 85 397815 470145 42475 E148.05 EaV1.35
Detail j
0o
4,204
3404 2518001200
12 BH - . oo u
'—";:r-----;‘w---ll-.-J.-.Id“-.-:l T ) ‘.‘\ o m e i . ] a
WG A 7 . g
: \"\_,-" T e T t S s ,"; e S S AR LT A
21.00 T T i == EautT ket I o i s e RS T = B iy B *
2491 46 2496 76 2h02 07 20737 2R12E7 2R17.98 2R3 28 2h28 58 2h33.89 253919 2hdd 49
243411 2493 42 2R04 72 2510.02 25165.33 2520 63 252593 2531.24 2536.54 2541.84




2.4 Detall views

details on demand ”

W | Mean Contact Matris hd
dto | Current -
=l

Matrix browser

=
i




Matrix browser

Matrix browser

Options

Shiw | Contact b atrix

Linked to | Current

2.4 Detall views

Matrix browser
Options
Shiw | Contact Diff b4 atrix j
Linked to | Current ﬂ
|

Matrix browser

Options

Shiw | tean Contact b atrix

Linked to | Current

x4




2.4 Detall views

Matrix browser

Matrix browser
Optionz
Show | Distance Matrix ﬂ
Linked to | Current ﬂ
A

Matrix browser x|
Options
Show | Warianze Diztance b atrix ﬂ
Linked to | Current j
-

[+4




= Tool demonstration
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