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How to use this lectures

o Ask!

» Each day...
» Basic introduction
* Theory (representation-scoring-optimization)

* Available programs
* Application

» Second day we discuss the assignment for the class
» The BMI206 genome. Structural and functional annotation.
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Outline of the lectures

» Day 1.
» Structure-Structure comparisons
» Databases of protein structure classification

» Day 2.
* Sequence-Structure comparison
» Description of the assignment
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Day 1. Summary

e Structure-Structure comparisons
* Before we start...

* How can we compare structures...

* How we classify the structural space...

o \What we know...
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Day 2. Summary

» Sequence-Structure comparisons
» Before we start...

» Structural predictions from sequence...

* \What does work?
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DAY 1

“Structural Space”

BBBBBB



Structure-Structure alignments

As any other bioinformatics problem...
- Representation

- Optimizer

BBBBBB



Representation

Structures

Qi
IS
o i
@C.
All atoms and coordinates Dihedral space or distance space Reduced atom representation

V:\<-V2\/V1

Vector representation Secondary Structure Accessible surface (and others)
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Scoring

Raw scores
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Aminoacid substitutions Root Mean Square Deviation

Secondary Structure (H,B,C) Accessible surface (B,A [%]) Angles or distances
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Probability that the optimal alignment of two random
sequences/structures of the same length and composition as the
aligned sequences/structures have at least as good a score as the
evaluated alignment.

0.5

Sometimes
approximated

by Z-score (normal
distribution).

Empirical

0.4

= 0.3
o

Analytic

Karlin and Altschul, 1990 PNAS 87, pp2264
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Optimizer

Global dynamic programming alignment

Sq/St 1 .- N,
Sq/St 2 [
1 J M
1 2 3 N |
:)i,,--1+SCOre(A,rj)
N o o P e D.,=miniD..*Score.y
l
w | * *}; \Di-1,j+SCOre(ri,A)
< * «1— Best alignment score

Backtracking to get the best alignment

BMI206

Needleman and Wunsch (1970) J. Mol Biol, 3 pp443
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Optimizer

Local dynamic programming alignment

Sq/St 1 > N
Sq/St21 T M
1 2 3 ... N :)i,,--1+SCOFe(A,rj)
S D, =min{ D1 " SCOMB s
* * * * * bl
\ D" SCOre s

**\.‘** @

* * * * Best score
///
* */ % 21 %

Best local alignment

BMI206

Backtracking to get the best alignment

Smith and Waterman (1981) J. Mol Biol, 147 pp195
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Optimizer

Global .vs. local alignment

___________________________________________________________________________________________________________________

___________________________________________________________________________________________________________________
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Optimizer

Multiple alignment

Pairwise alignments Multiple alignments

Following the tree from step 1

Example — 4 sequences A, B, C, D.

Align the most similar pair
D = = —

A |
D A = — Align next most similar pair
——— C L J ]
C | A
D I C Align B-D with A-C
- similarity +

6 pairwise comparisons
then cluster analysis

D--

A I D B

C =mmm

O

New gap in A-C to optimize
its alignment with B-D
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Coverage .vs. Accuracy

Same RMSD ~ 2.5A

Coverage ~90% Ca
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Structural alignment by properties
conservation (SALIGN-MODELLER)

3 N
1l | . :\‘ .
A I
?.. —— D
s C T — A ] _ _
D E— e C v Uses all available structural information
- similarity + v Provides the optimal alignment
X Computationally expensive

.QC> ) Z}A;J % RMSD =\ 3 x;x )
| s

Ri,j Di(3),j(3) Si,j Bi,j IiJ

Madhusudhan et al. in preparation
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BMI206

Structural alignment by properties

conservation (SALIGN-MODELLER)
http://www.salilab.org/dbali/

OB 21200)
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Vector Alignment Search Tool (VAST)

\k/3<-\—/zK Vi
» Graph theory search
of similar SSE =
* Refining by Monte Carlo
at all atom resolution (
®cC. -
v Good scoring system with significance
X Reduces the protein representation

BMI206
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Gibrat JF et al. (1996) Curr Opin Struct Biol 3 pp377
02/15/04



ector Alignment Search Tool (VAST)

http://www.ncbi.nlm.nih.gov/Structure/VAST/vast.shtml

Ok » O 3 2 0 Jsewch Drwones @reta @ (- 1y B~ 4
33y

v 4%

Stucire/VAST

v fox

» Vector Alignment Search Tool iry
Protesn structure nesghbars in Entréz are Structure Susmany
determined by drect comparisen of 3. v

dimensional proten structures with the VAST  POBAMDS Cose
algorithm. Each of the more than 87 804
domains in MMDB 15 compared to every other
one From the MMDB Structure Ssummary
pages, rerieved via Entrez, struchure
neighbors are available for protesn chains and
S 2 indivdual stroctural domains ¥ you akeady
VAST Search know a PDB/MMDB A you can try this at
Heip once, using the input form in the nght column

£

On the Sucture summary page. use “3d Domains” of |ngtall and test
Proten” to retrieve 8 st of similar structures For structure ahignment
examgle chck on 8 bar with 2 chan identiSer such 3% viewers:

B°. or the bar below the Chan B with 3 doman
wertifer such 35 “1° 10 get 2 bat of neghtors The
rasults of the precompded VAST search wil then
resent stuctural neighbors graphically Using the
chack boxes in the letmost column of this gragh
select those structures you would be 10 see
supenmposed and chck on “View ID Structure” 1o vew
ese with the meme-typed helper apphcaton you bave
nytalled (2 g Cn3D)

12 test!

YAST Seaichis a senvce that

abows searching for structural

neighibors starting with a set of

30.coordnates speafied by

e user. Ths senice 1s meant

o be used with newly determined peotein

siructures that are not yet part of MMOS

Structure nelghbors for proteins already in

MMDB MMDB have been pre.computed and can

e simply be looked up from AMDE's Structure v
® ieet
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BMI206

Incremental combinatorial extension

(CE)

oC.

« Exhaustive combination
of fragments

» Longest combination of
AFPs

» Heuristic similar to
PSI-BLAST

v FAST!
v Good quality of local alignments

X Complicated scoring and heuristics

N

di

RMSD =\/Z(X,--

X|

8 residues peptides

Shindyalov IN, amd Bourne PE. (1998) Protein Eng. 9 pp739
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Incremental combinatorial extension

(CE)

http://cl.sdsc.edu/ce.html

T L Home Page  Comtanalonist Exteasion  Macroscll fernet Lapboer

Select from the followiag oprions by
clicking the links on the right

FIND
CALCULATE

Databases and Tools for 3-D Protein Structure
Comparison and Alignment

Using the Combinarorial Extenston (CE) Method

Moee lofo

Find strucnaral alignments by selecting from ALL or REPRESENTATIVES from
the PDB

Cakulate structural alignment for TWO CHAINS cither from the PDB or uploaded by
the user. Caleulate structural neighbors for one protem UPLOADED BY THE
USER AGAINST THE PDB.

Cakeulate MULTIPLE STRUCTURE ALIGNMENT.
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Matching molecular models obtained
from theory (MAMMOTH)

\b\w-/\h
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v VERY FAST!
v Good scoring system with significance

X Reduces the protein representation
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Ortiz AR, (2002) Protein Sci. 11 pp2606
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Matching molecular models obtained

http://fulcrum.physbio.mssm.edu:8083/

from theory (MAMMOTH)

-L MAMMOTH
W MAtching Molecular Models Obtained from 1Heory

Paste or browse your PREDICTION coordmates (PDB format):

Paste or browse your EXPERIMENT coordinates (PD8 format):

|_Browes i

[ FET
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Classification of the structural space

SCOP classification

http://biocinformatics.icmb.utexas.edu/Igl/

BMI206 02/15/04



SCOPis database

http://scop.mrc-1lmb.cam. ac.uk/scop/

v’ Largely recognized as “standard of gold”

v Manually classification

v’ Clear classification of structures in:
CLASS

Structural Classification of Proteins FOLD

Welcome to SCOP. Syuctiral Clasication of Protems 1.6S release (December 2003) S U P E R'FAM I LY

20619 PDB Esties | Litersawe Refovence 474 Do (exchaling muckic acds and Seoresicl models). Folds
superfambies, end famSes asncs bere New Solds iperfamier famdes List of obickte cxtnes 2od be (oplecements FAMILY

Autbors. Alexey G Muarzin, Locedana Lo Come, Amtocina Aadreeva, Dave Howorth, Bartlem G Adey, Soeven E Breaser H

Tiu 1. . Hubberd, snd Corus Chotin 300 e 2.0 v Some large number of tools already available
Reference: Munn A G, Brener S E, Hobbard T, Chothia € (1994). 5007 a structural classicanos of proteins
database for the mvestigation of sequences and strocowes. J Mol Bl 247, £36-540 [PRE]

Major chaages (stable identifiers, parseable fles, extended searching and lndang options, reclassified entries history) are
described = 10 Coste L, Brerner 5 E, Hebbard TIP, Chothia C, Mazm A (2002) 500P database m 200
tefnmments accoamodate snactral pracesics. Vel Acid Rex 30(1), 264-267 [PDF)

An&eeva A, Howorth D, Bremner SE, Hobbad TP, Chettsa C, Mwrmn AG. (2004) scor dmsbase n 2004

reforments knegrae smuctive and sequence faurdy deta. Nacl, Aoid Bes 32D226-D329 X Man ua"y ClaSSification
Access methods X Not 100% up-to-date

¢ Enerscor o the op of the bierarchs X Domain boundaries definition

 SCOP parseabie ey e)
o Reclassiied eomier 1 63-21 65 previoa releases (A2C ste) Number of Number of
o SCOP doman sequences and pdb-style coordnate e (ASTRAL) Number of I e
Class folds superfamilies families
o Hidden Markov Model Borary for 008 superfasries (SLFERFANILYY
o Ouline resources of potential mterest 10 SCOP uiers
i 179 299 480
SCOP mirrers around Se workd may speed your access Al alpha prOte"‘s
News Al beta proteins 126 248 462
o SCOP han bees updated 5o inchade all 708 ectries released wp 10 | Augast 2003 See folde_sperfamiler. a0d fanilies Apha and beta proteins (a/b) 121 199 542
watencr
* Several pasts of the 5007 classication kave been restructired, especially in s release and in the grevious coe. You A
cm bromie the subset of the clasdication sSected by Bese chmges i a SCOP-view form for modSicaticas ccomred Npha and beta prOtelns (a+b) 234 349 567
between | 63 a=d | 6%, cr pevions releases. Changes appes as comments associated 8o doman cxtries, with keks _ X _
10 the reviied claisScaticn. Yom can use the SCO8 nanigaion buttoss 1o move o &= the erarchry md %0 expend o Multi-domain proteins 38 38 53
collapse eztries. The Bt of ghiclels srtrics ind thex replacomsenty o also avadable coline
o SCOP Memtiiers sow appear expioaly o the web pages (i sgumed beackens) Membrane and cell surface
o Links Som 2 SOOP domsain 10 the comespoading SWISSPR0T and EC entries have been added (see the o icom) Thasks . 36 66 73
10 Sameer Velankar and Pid McNell from the ESCMSD group and to Viepese Mimard from the E51 sequence database protelns
poup for providing the most wp-so-date map betwees PDS chams and STISSPROT, EC identifiers
o Itis now posable 10 wse 55M 10 search the up-to-date PO archove wsing a SCOP domam eotry (Vathe ¢ icoad orto o Small proteins 66 95 150
&) 300 hep and riormaton @ et
Total 800 1294 2327

Murzin A. G.,el at. (1995). J. Mol. Biol. 247, 536-540.
BMI206 02/15/04



BMI206

CATH:s1 database

http://www.biochem.ucl.ac.uk/bsm/cath/

o @) 2o e Socemod ac u bemtat v.;c

CATH Protein Structure Classification

Version 2.5.1: Released January 2004

D¢ Fracces MG Pea. D Ja= S880e, Dr Mas Dibiey
Frof Jeset Thomdon, Frof. Chnstes A Orengo

Options

o Erowse o seaich the cassficancn

o CATH statistcs 303 releass micrmation

o Geowrsl nfeomancn on CATH

o CATH bsts and Ap s

o DHS - Dictionary of Homalogous Supedandies  Semmary of structonl sed
functional features $or CATH Homologous Supadamdes

o CATH File Formans Jor FTP fles)

Introduction

CATH i3 3 rovel herarchical classdication of pestei doman structares
which Clusters protens at $our majar levels. CassiC) AvchaectneiA
Topelogy(T) and Homalogeus sepafardy (H.

Class. dewed fom secondary structare contert 5 dssigred for mone
than 30N of proten structanes sutemalically Architectuse which
Coscrbes the gross onentaban of 3econdary stnctives. independent of
consectvies i Surmsotly sasgned masually The topoiogy Mvel chuttens
SRS CCTITg 10 thew toplogecal Connectons and numbers of
secondary T = ol Sunter protents with
heghly semidar syuctnes and nctiaes The assgrments of structues 10
teplogy farrdbes and homaiogous superfamdmt dre rrade by Sequence
a0 Strctne Compansons

» Cheh have for a moe detided axplanaten

Reference
Ooengo CA_ Mchie AD . Josea S Jows DT Seindells MB . and
Thamsten J M (1997) CATH: A Heache Clasadicaton of Froten
Doman Syuchres Structsre. Vol 5 Mo 8 p 10321908
Pead FMG Lee D Bray JE Sllace | Todd AE Hamisen AP
Thomtan J M and Orengo. C A {2000) ASSgnng DRIOMC S03ueCes 10
CATH Nuchee Acds Research Vol 38 No 1 277.282

Other CATH Contributors

Uses FSSP for superimposition

v Recognized as “standard of gold”
v Semi-automatic classification
v Clear classification of structures in:
CLASS
ARCHITECTURE
TOPOLOGY
HOMOLOGOUS SUPERFAMILIES
v Some large number of tools already available
v Easy to navigate

X Semi-automatic classification
X Domain boundaries definition

Virson 251

Date 291200

= ] 20O W @ 9 0 o
‘/‘\ Manty Apha § 7 428 M8 T3 Y6 10955
‘ Maed; Beta 190139 292 351 2244 S0V 14259

Algha Bt 12 %8 648 2010 %M 8529 20026

! Fow Secondary Stnctees 1 & " 1 225 M W
TIM barrel ~ Sandwich Roll M omale ik 1 1053 1057 J0TY 2986 381 12671
Prefeminary sngie doman sssgments 1 371 XT8 422 &% TS 1@
Nuit-doman domans 2 N 3N & & 13 w
4 CATH.IS Sequence lamdes 1 937 597 99T 106 2% M
flavadoxin p-lactamase  Foprestsfommeltichesdomans 1 A @/ N N 4 108
(afxn) (1mbia1)

Orengo, C.A., et al. (1997) Structure. 5. 1093-1108.
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Marc A Mary Renom and Andre Sall

te cortans 3 up-to-date M-agan -3l Comp:

DBAIi..o database

http://salilab.org/DBAli/

v'Fully-automatic

comparisons:

@ lrievet

BMI206

Uses MAMMOTH for superimposition

v Data is kept up-to-date with PDB releases
v Tools for “on the fly” classification

DBAJL A Database of Pairwise Structure Alignments. of families.

v Easy to navigate
uars AT sreqres v Provides some tools for structure comparison

X Does not provide (yet) a stable classification

February 11th, 2004

Last ted:

astupdated (18:49h)
Number of chains in database: 48,094
NuUmper or Sstruciure-struciure 330,514,636

Marti-Renom et al. 2001. Bioinformatics. 17, 746
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BMI206

Domain definition AND domain classification

SCOP

SCCP « Do (0.00)
SCOP only
(0.09;

SoP
« CATH
(Q.18)

(0.67)

SCOP + Dol (0.05)
AP only
(0.13)

{0.58) Jscop
e CA™
(0.23)

(0.54)

(0.25)

CATM |
+ SCOPY
(I:I '_g}

CATHM + Do
(0.10)

CATH
oty

CA™M
« SCOP
(0.17)

CATH « Dy
(0.14)

CATH onty
{0.51)

019 |

Al
(0.42

DALI

Dk « SCOF
(0.04)

Db only
(0.26)

Tk
+ CATH
0.11)

+ SCOP
005)

Do ondy
(0.31)

M t CATH (0.22)

Classification of the structural space
Not an easy task!

sse|) aWwes

ulewo( swes

Day, et al. (2003) Protein Sciences, 12 pp2150
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Application (ModDom)

o Use of the DBAIi data to define...

* Protein Domains
* Protein Fragments

BMI206 02/15/04



% P ~/Y
‘7\:‘\‘v‘\“‘5‘.““\//
- ““ -

~y

- \
-~

b
\_

BMI206 02/15/04



Less significant

OO  {1.243,4K4,5}
O-@ {5:6H6.7H7.8}8,9)

& {1,2,3,4)

88 {6,7,8,9}
0_8_8 {5,6,7,8,9}

88 {3,4,5,6,7,8,9}

%088 fall

More significant

BMI206 02/15/04
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{1,2,3,4}

{6,7,8,9}

{5,6,7,8,9}

{3,4,5,6,7,8,9}
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E=Y

fad

Conservation
P
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1T 2 3 4 5 6 ¥ 8 9

Residue number
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E=Y

fad

Conservation
P

09 09 cQ -

GO GO GO T 2 3 4 5 6 7 8 9

Residue number
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Residue number

BBBBBB



E=

Al

Conservation
P

/

9
33
3
;

3 4 5 6 7 8 9
Residue number

(@)

=
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BMI206

CaY
GO

CaY)
CaSAY

:

=Y

Conservation
Pl

ad

J_/

1

2

3

4 5 67
Residus number

8

9
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Conservation
Pl

L~

1 2 3 4 5 67 8 9
Residus number
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Conservation
Pl

|~

1 2 3 4 5 67 8 9
Residus number

Threshold #3 MCL Cluster level (-I)

Stijn van Dongen (http://micans.org/mcl/)

BMI206 02/15/04



Thresholds #1,2 > MAMMOTH P-Value (Lp, Up)

High P-values - fewer partitions

Threshold #3 = Cluster Level (-)

Low —I cluster value - fewer partitions

Applied to the ~45,000 chains in PDB (pec2003)

BMI206 02/15/04



Conservation

Residue number

1phh (Oxydoreductase from Pseudomonas fluorescens)

BMI206 02/15/04



Conservation

Residue number

1phh (Oxydoreductase from Pseudomonas fluorescens)

BMI206 02/15/04



TN MAMARAY

22 R < -
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Conservation

Residue number

1phh (Oxydoreductase from Pseudomonas fluorescens)
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1phh (Oxydoreductase from Pseudomonas fluorescens)

BMI206 02/15/04



Domain assignment
from structure

BBBBBB



BMI206

2163 chains from Islam et al. 1995 - 569 Non-redundant
<2A && <30aa diff.

Divide randomly into two sets
Remove of incomplete or obsolete entries.

FINAL.:

Training set 2 242 chains

Testing set 2> 234 chains

02/15/04



Thresholds #1,2 > MAMMOTH P-Value (Lp, Up)

High P-values - fewer partitions

Threshold #3 2> Cluster Level (-l)

Low —I cluster value - fewer partitions

BBBBBB



R = Volume/ASA

4 -
<
v
<o
g s
- -
| - Single chain proteins (y = 0465128 * x'")
w— Muttiple chain proteins (y = 0.953109 * x")
0 2 1 2 1 2 1 N 1 2 1 2
0 100 200 300 400 S00 600
Domain length (residues)
1 8fabA

\/ 3 domains protein

2 domains protein

4
3
-
r
bl o
3
g | &
- 4
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] od
.
o
L
‘l.. : re - ~ o v ~ » ~ o0 100
Assignment overlap (%) Assignment overlap (%)

Domain - max(<dist f(R)>)
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<dist to f(R)>
-0.11 -0.10 -0.08 -0.09

85-192

.\ 1dhr_ (dihydropteridine reductase )

BMI206 02/15/04



DP (233)

Non-redundant 234 chains

CATM (224)

U 239

DOMAK (231)
DAL (233)

X-Ray (234

POP (234)

ModDom (234)

100

B 2 chaers (229)
B 1 coman (157)
B 2 comarn (80)
@ 3 comars (9)
B 3 comars (2)

% correct predictions

X MNay Al DAL oo OaD Ol DOWMAX. D ModDom PO "Uou

BMI206 02/15/04



Fragments assignment
from structure

Repetitions
Swapping
Complementarities

BBBBBB



Ribosomal protein S6 (1ris) «+p > Ferrodoxin Like domain

1ee9A 17.9% id. 2.3A

m0.6-0.7
0.5-0.6
0.4-0.5
0.3-0.4
0.2-0.3
0.1-0.2
0-0.1

7

Y

6timB 11.1% id. 2.6A

BMI206 02/15/04



Cytochrome C Peroxidase (2cyp) all-o > CCP-like domain

T |
I | .

| |

| |

|
L
]

1 22 43 64 85 106 127 148 169 190 211 232 253 274

| HH I H T H MH—{ M- —F

|

4

e
o
C

27/35 3.2A 29/34 2.9A

02/15/04
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Barnase Domain-Swapping

Barnase (1brn:L)

conservation profile

0.25 |- + global _

021 —

015 -1

conservation

0.1

0.05

residue number

BMI206 02/15/04
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chymotrypsin inhibitor 2

-'.\\
— 1
o i

A

vJ |'

y

4
s
! - 7
T ——

1-37 | 38-64 1-40 1 41-64

- Neira JL, Davis B, Ladumer AG, Buckle AM, Gay GP, Fersht AR. 1996. Towards the complete structural characterization of a protein
folding pathway: the structures of the denatured, transition and native states for the association/folding of two complementary fragments of
cleaved chymotrypsin inhibitor 2. Direct evidence for a nucleation-condensation mechanism. Fold Des 1:189-208.

- Ladurner AG, ltzhaki LS, de Prat GG, Fersht AR. 1997. Complementation of peptide fragments of the single domain protein chymotrypsin
inhibitor 2. J Mol Biol 273:317-329.
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Sequence space .vs. Structure space

The PDB is a covering set of small protein structures.
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Kihara D, Skolnick J. (2003) J Mol Biol. 334 pp793
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Sequence space .vs. Structure space

22%
[ L S L I 4 L S L B S L L L L L
- 08|
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< 04F
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o

10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90
% of sequence identity
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Sequence space .vs. Structure space
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How to use this lectures
e Ask mel!

» Each day goes like...
» Basic introduction
* Theory (representation-scoring-optimization)
Available programs
Their results
Examples

» Second day we discuss the assignment for the class
» The BMI206 genome. Structural and functional annotation.

BMI206 02/20/04



Outline of the lectures

» Day 1.
» Structure-Structure comparisons
» Some look at databases of protein structure classification

» Day 2.
* Sequence-Structure comparison
» Description of the class assignment

BMI206 02/20/04



Day 2. Summary

» Sequence-Structure comparisons
» Before we start...

» Structural predictions from sequence...

» \What works...

BMI206 02/20/04



DAY 2

“Fold assignment”

00000000000000



Sequence space .vs. Structure space
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General overview (Threading)

* Matches sequences to 3D structures

e Requires a scoring function to asses the fit of a sequence
to a given fold

e Scoring functions deried from known structures and include
atom contact and solvation terms evaluated in a pairwise
fashion

* May include secondary structure terms, multiple
alignments...

* Threading servers available using several different approaches

* Fold recognition server at Imperial College, UK
http://www.sbg.bio.ic.ac.uk/~3dpssm/

* ProteinPredict server at EMBL
http://www.embl-heidelberg.de/predictprotein/predictprotein.html

* Protein sequence-structure threading at NCBI http:/
www.ncbi.nlm.nih.gov/Structure/RESEARCH/threading.shtml

BMI206 02/20/04



Template comparison methods

o Uses 3D “templates” for searching structural databases

» active site or binding site templates generated to reflect functionally
important structural signatures

®* Available software/servers

*» Template Search and Superposition (TESS), Thornton Group
http://www.biochem.ucl.ac.uk/bsm/PROCAT/PROCAT.html

Wallace AC; Borkakoti N; Thornton JM. (1997) Protein Science 6 pp2308

* “Fuzzy Functional Forms” , Skolnick - commercial availability
Fetrow, Js and Skolnick, J (1998) J. Mo. Biol 281 pp949

e Spatial Arrangements of Side-chain and Main-chain (SPASM),
Kleywegt, Univ. of Uppsala
http://portray.bmc.uu.se/cgi-bin/dennis/spasm.pl
Kleywegt GJ (1999). J. Mol. Biol. 285 pp1887

BMI206 02/20/04



Sequence-Structure alignments

As any other bioinformatics problem...
- Representation

- Optimizer

00000000000000



BMI206

Empirical energy functions (PMF)

|dea: energy leads to structure, thus it should be
possible to infer energy from many known
structures

To be used in: model refinement and assessment

Properties needed:

» Deep minimum at correct state (native)
* Smooth

* Simple

Types:

» Contact potential

» Distance potentials

» Surface potentials

02/20/04



Approximations/Limitations in PMFs

» Database size.
» PMF versus Energy (additive/higher order terms).
» Reference state.

» Physical origin.

Finkelstein et al. (1995) Proteins 23, pp142
BMI206 02/20/04



Representation

Sequence/Structures

di
>gid2541361
MDIRSVSSLRGLLCLPPSWPRR

Primary sequence

Distance space

oC.

Reduced atoms representation Secondary Structure Accessible surface
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BMI206

_ (48]

-~ [A]-[8]

AG = -RTIn(K)=—-RTIn AB

[A]:[8]

From statistical physics, we know that energy difference
between two states (AE) and the ratio of their occupancies
(N{:N,) are related [9):

AE =T In (1\—1) (1)

N3

in which T is the absolute temperature and k is the Boltz-
mann’s constant. As we are interested in an interaction
energy between two amino acid side chains, it would seem
natural to define N, as the number of interactions
between these two residues types in a group of real protein
structures, a number which is readily available from simple
database analysis. But this number must be compared with
the number of interactions in some other system, N, to
obrain the energy difference between them.

Tanaka and Sheraga (1975) PNAS, 72 pp3802
A. Godzik, (1996) Structure 15 pp363
02/20/04
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Scoring

Statistical Potential... interaction types

mJ W

Neutral interactions
Hydrophobic interactions

KRz

Compact interactions Specific interactions

A. Godzik, (1996) Structure 15 pp363
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Scoring

Statistical Potential... reference state

I T T
3+ ) -
liquid Ar
2+ 85K .

r(A)

Theory of simple liquids 2nd edition JP Hansen and IR McDonald, Academic Press.
BMI206 02/20/04



Long range free energy

4.0

2.0+

0.0 4

2.0

v v T v v T
0.0 20 4.0 6.0 8.0 - 10.0

Short range free energy
4.0

20 -

0.0

20 1
0.0 2.0 40 6.0 8.0 10.0

BMI206

Free energy of the protein
backbone hydrogen bond

N - - - O compiled from a
database of 289 X-ray structures

WN=28(r =r,)

g. (=Pl

W) = —kTIn(gNo(r))

Sippl (1996). JMB 260 pp644
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Long range free energy
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distance

distance

Sippl (1993). JCAM T pp473
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Scoring

Raw scores of an alignment
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Secondary Structure (H,B,C) Accessible surface (B,A [%])
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Probability that the optimal alignment of two random
sequences/structures of the same length and composition as the
aligned sequences/structures have at least as good a score as the
evaluated alignment.

0.5

Sometimes
approximated

by Z-score (normal
distribution).

Empirical

0.4

= 0.3
o

Analytic

Karlin and Altschul, 1990 PNAS 87, pp2264
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Energy Z-score the model with respect the energy of random
models (or rest of decoys).

OE

E0 00 Q00fonneg-E zScore:(<E -E

O e

<E>
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Scoring

Significance of an alignment (background)

Structural space
Sequence space

MKLLIVLTCISLCSCICTVVQRCASNKPHVLEDPCKVQH
HLSVNQCVLLPQCCPKSCKICTHLISIEVVLTCRAVDKM

N;J MHVNCVEQCSLODCIKIAPRVLKTCILCVLKPCLTSVSH

o VHLVQPTSCCCKKNCICHVEIRSLDILTKSVQLACLVPM

MQCCRVQKICDLLAVELCKLHISTPSCKILCVVTSVPHN
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Optimizer

Global dynamic programming alignment

Sq/St 1 .- N,
Sq/St 2 [
1 J M
1 2 3 N |
:)i,,--1+SCOre(A,rj)
N o o P e D.,=miniD..*Score.y
l
w | * *}; \Di-1,j+SCOre(ri,A)
< * «1— Best alignment score

Backtracking to get the best alignment

BMI206

Needleman and Wunsch (1970) J. Mol Biol, 3 pp443
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Optimizer

Local dynamic programming alignment

Sq/St 1 > N
Sq/St21 T M
1 2 3 ... N :)i,,--1+SCOFe(A,rj)
S D, =min{ D1 " SCOMB s
* * * * * bl
\ D" SCOre s

**\.‘** @

* * * * Best score
///
* */ % 21 %

Best local alignment

BMI206

Backtracking to get the best alignment

Smith and Waterman (1981) J. Mol Biol, 147 pp195
02/20/04



Applications of PMFs

»  Model assessment.
» Ab initio folding simulations.
»  Sequence-structure matching (threading).

» Comparative protein structure modeling (loops,
sidechains, ...).

» Secondary structure prediction, etc.

Finkelstein et al. (1995) Proteins 23, pp142
BMI206 02/20/04



Domain boundaries from sequence

VERY DIFFICULT!N

MENFEIWVEKYRPRTLDEVVGQDEVIQRLKGYVERKNIPHLLFSGPPGTGKTATAIALARDLFGENWRDN
FIEMNASDERGIDVVRHKIKEFARTAPIGGAPFKIIFLDEADALTADAQAALRRTMEMYSKSCRFILSCN
YVSRIIEPIQSRCAVFRFKPVPKEAMKKRLLEICEKEGVKITEDGLEALIYISGGDFRKAINALQGAAAT
GEVVDADTIYQITATARPEEMTELIQTALKGNFMEARELLDRLMVEYGMSGEDIVAQLFREIISMPIKDS
LKVQLIDKLGEVDFRLTEGANERIQLDAYLAYLSTLAKK

BMI206 02/20/04



BMI206

Domain boundaries from sequence
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Georgea and Heringa (2002) J. Mol. Biol. 316 pp839
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Domain boundaries from sequence
(DomSSEA)

g Some
- w0 Goman
~ - P08 31 WO Joman
0o 2 . 8 B

Dersden et al. (2003) Proty. Science 11 pp2014
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Prediction of Secondary Structure (PSI-PRED)

>gi42541361
MDIRSVSSLRGLLCLPPSWPRR

« Neural Network

BMI206

v Very simple idea
v' Simple scoring

X Obscure optimizer
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Jones DT. (1999) J. Mol. Biol. 292 pp195
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Prediction of Secondary Structure (PSI-PRED)
http://bioinf.cs.ucl.ac.uk/psiform.html

Be [ pes fpoas Dk S0 -
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-

‘zr Bioinformatics Unit

d (ondy required for commercial e-mall addresses) -

name for sequence vy

i
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Sequence-Structural alignment by properties
conservation (SALIGN-MODELLER)

— D
C N — A
D E— e C v Uses all available structural information
- similarity + v Provides the optimal alignment

X Computationally expensive

1111111

.QC> ) Z‘@A;) % RMSD =\ 3 x;x )

s
Ri,j Di(3),j(3) Si,j Bi,j IiJ

Madhusudhan et al. in preparation
BMI206 02/20/04
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Structural alignment by properties

conservation (SALIGN-MODELLER)
http://www.salilab.org/dbali/

OB 21200)
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DBAIL. Tools associated to the database,

o LIuNiel ) eyl of chiens
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o Dains Ao Dom 2 Chas

o CAlhoulod SAuDs MOsment of & bat o Chass

el 3 mutiple sthruchure Jgnmment of 3 Ws! of HaNS

Fide with 2 st of chans

| SALIGN { Clear
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Threading (mGenThreader)

>gid2341361 « Neural Network
MDIRSVSSLRGLLCLPPSWPRR

v Good row and significance scoring

Ca
X Obscure optimizer
____________________________________________________________________________________________________________________________________________________________________________________________________________ GE
B
8 000 000Q00000+E
A B
] A <E>
B Zscore = (<E>_E”’)
O«

McGuffin LJ, Jones DT. (2003) Bioinformatics, 19, pp874
BMI206 02/20/04
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Threading (mGenThreader)

http://bioinf.cs.ucl.ac.uk/psiform.html

3 FSPRLD Moo Sruc bure Fred Som Server - Mcrosof islernet Degsorer

{c Bioinformatics Unit

The PSIPRED Protein Structure Prediction Server

We suggest that you do not bookmark this page as itis Bable to move, It is best to access the

server via the PSIPRED home page, which has more information about the methods and a full
reference list.

¥

Input sequence (single letter code)

Hsip
(- Predict Secondary Structure (PSIPRED v2.4)
' Predict Transmembrane Topology (MEMSAT)
_ Fold Recognition(GenTHREADER - quick)
7 . Fold Recognition (mGen THREADER - with profiles and predicted secondary structure)

Help

(-] Mask low complexity regions
[ | Mask transmembrane helices
(] Mask coiled.coil regions

Mlvaitomen: Tawos wll Gl Blviivs W imes mom srvmnio HIEMCAT
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Remote homology detection (FUGUE)

=

>gi42541361 HET

w
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v" Uses most of the structural information

A — o D v Easy to access either locally and on
‘ S A the web
8 — C v Good row and significance scoring
Cu - similarity +
X Does not uses multiple sequence
information
OE

=y e E) 00 000000000+E

<E>

H B C
Ri,j Ri,j Ri,j (<E >—E )
Zscore = 7
O«

Shi et al. (2001) J. Mol. Biol 310 pp241
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Remote homology detection (FUGUE)

http://www-cryst.bioc.cam.ac.uk/fugue/
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Sequence-structure homology recognition using environment-specific substitution tables
and structure-dependent gap penalties

Submit vour protein sequence
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DOWNLOAD

DOCUMENTATION

Methods
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Server 2

Server 3

Meta-Servers (3D-Jury)

Server 1

|-

Heuristics selecting
consensus result

N

Server 4

v Collecting several results

v After manual analysis... good results

X Heuristics and complicated scoring

X Consensus results
X NO CONTROL OF DATA GENERATION or SERVERS!

Server N

ORFeus

- — - -

TRMA Cao- | MetwyRrunderane
- B SN Genvnes

The Wy s’ T S

e o . e e ) g —
—— - | ————————— -

SamT02
FFAS03
mGenThreader
INBGU
RAPTOR
FUGUE-2

How Unique Is the
Rice Transcriptome?
IN THE REPORT “COLLECTION, MAPPING, AND
moctation of over 2% (X DTS

t 2000 cDNA clones [
(S Kk

3D-PSSM

Letter to the Ecitor

Ginalski K, et al. (2003) Bioinformatics 19 pp1015
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Meta-Servers (3D-Jury)

http://bioinfo.pl/Meta/

e [t few Fyooes Dov o
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Iterative process... better models(?)

Evaluate Model  Modify and build Model

BBBBB



Iterative process... MOULDER
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Iterative process... Evaluation

C,

H F.N.
B FP.

0.0Q - ,
20 30 80 130 180 230

variable x

is GOOD | is BAD

predicted as GOOD

a

predicted as BAD

C

FN. (%)

4 b N
FP = as 1 — specificity
F.N. = < - 1 — sensitivity

a+c
CP = a+d
T a+b+c+d
. W,

0 4 8 12
FP (%)

16 20

% 20 40 60 80 100
variable domain
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BMI206

PROBABILITY

Iterative process... Evaluation

3900 GOOD MODELS

Models based on correct
templates and approximately
correct alignments

6000 BAD MODELS

Models based on incorrect
templates or mostly incorrect
alignments

p(Q-SCORE/GOOD)
p(Q-SCORE/BAD)
0.15 -
5% Overlap
0.10 -
0.05 -
0.00 ¥ T ¥
-3.0 -2.0 -1.0 0.0 1.0
Q_SCORE

2

Prosall by M. Sippl

FREQUENCY

_ ENERGIES =
OF UNRELATED E -FE
E oLs Z-SCORE=—"
o
G Z—-SCORE
E, Q- SCORE =
I In(SEQ.LENGTH)
ENERGY
PG
1.0
p(Q-SCORE/GOOD) = 08
P(Q-SCORE/GOOD) +p(Q-SCORE/BAD) = 4
=
O 0.4
T
o
» 0.2
0.0 - - ;
30 20 10 00 1.0
Q_SCORE

R. Sanchez & A. Sali, (1998) Proc. Natl. Acad. Sci. USA 95, pp13597
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Eva Server

+

EVA Center

META-PP

-SEC EvatuatiormmTCivrEvatuation

FR Evaluation

CON Evaluation

http://cubic.bioc.columbia.edu/eva - http://pipe.rockefeller.edu/~eva - http://montblanc.cnb.uam.es/eva

BMI206

AVAL

http://cubic.bioc.columbia.edu/eva — http://pipe.rockefeller.edu/~eva — http://montblanc.cnb.uam.es/eva
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Eva-Threading Server

Sewoh Fovermes @ Veds © v e

&) H5:eva compbio utaf eds'eva o frts_E il

Secondary stucture Comparative modeling Thieading Coctacts

e -

EVA: threading (intro)

OBJECTIVES:

EVAfr contii ly and ity ly
as fold recognition) servers in 'real time”

protein

RESULTS:

OVET FUNMINg Weeks
Sults

INFORMATION:

o EVA zoncent

o Threadng senee pamicipating

o Measuang accuncy of threading prediction
o Related masuses

CONTACT:

eabg Seg Cotamia ede

- Secondary stucture Comparative modeliog Theeading Contacs

EIE

EIP

search

g (often also referred to

search

BMI206

true

Number of proteins

ROC curves for -1nf MMT, best of 5, cutoff=4.5
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Other evaluation benchmarks

CASP http://predictioncenter.llnl.gov
LiveBench http://bioinfo.pl/LiveBench/

; Profew 3o lure FredicSon Conler - M rosof] internet Daplocer

cAskl Protein Structure Prediction Center
CAsP: Biology and Biotechnology Research Program

CASP3 Lavrence Livermore National Laboratory, Livermore, California, USA

CASPY

Welcome 1o the Structyre Prociction Center!

O goal is %o belp adhmnce the methods of identimg protem structre from sequence. The Center has been orgamsred 10 provade
e weans of objectve testing of these methods via the peocess of bind peedcton 1o addition to suppon of the CASP meetngs
o godl is 80 promote an objectne evaluation of prediction methods on a contmang basis

CASP experiment: CASP1 | CASP2 | CASP3 | CASP4 | CASPS

Ten Most Wanted: TAW

The Ceteer, supported by the Natioas! [nstinutes of Heakh, National Lbeary of Medicine, and the U'S Department of Energy,
Office of Biclogical and Ernromnentsl Resweapch, i a pant of the Biclogy and Bictechnclogr Research Progrmn o the Laynyesce
Website index Livermogs Natioaad Laboraton

Local services | Other ks | Peogle | Websze mdex

2 3 ' - y
I you Aave ) QUEsiions oF COMMRENTE JNEGI9 CONTOCT M3 OF ZRRE Yy A L TchionC surer in 20y
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Fold assignment from sequence
examples....
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MODPIPE Model of Yeast Hypothetical Protein YIL0O73C
(high e-value and good model score)

PDB 1a17 ; YILO73C
model

E-value = 65

Das et al. | Seq. Id. = 20%
EMBO J. 17, 1192, 1998 #S. G = 0.97

The tetratricopeptide repeat (TPR) is a degenerate 34 aa sequence identified in a
variety of proteins, present in tandem arrays, mediates protein-protein interactions.

R. Sanchez, F. Melo, N. Mirkovic, A. Sali
BMI206 02/20/04




GRAP: Fold Assignment by PSI-BLAST + Model Evaluation

FEESR QUERY Mé) ISEE L E-VALUE pG
Y Target 58 0.2;)0 0.99
N Target 64 0.029 1.00
Y Template NO HIT NO HIT NO HIT
N Template 78 6x10-4 1.00

BMI206

PSEUDO ENERGY

0.0

-1.01

-2.0 1

-3.0 1

(significant e-value and good model score)

Prosall Energy Profile

| MODEL 78 res, Z = -6.99 (pG=1.00)

TEMPLATE 80 res, Z = -7.55 (pG=1.00)
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Does RuvB have the same fold as 6’ of E.coli DNA polymerase IlI?
(iterative manual process... Model building < > Model assessment )

Ec d’ MRWYPWLRPDFEKLVASYQAGRG----HHALLIQALPGMGDDALIYALSRYLLCQQPQGHKSCGHCRG

RUVB LEEYVGQPQVRSQOMEIFIKAAKLRGDALDHLLIFGPPGLGKTTLANIVANEMG-=-=-=-==-—=—=—=—-———

Ec d’ CQLMQAGTHPDYYTLAPEKGKATLGVDAVREVTEKLNEAARLGGAKVVWVTDAALLTDAAANALLKTL

RUVB - == ————-— VNLRTT-----—-- SGPVLEKAGDLAAMLTNLEPHDVLFIDEIHRLSPVVEEVLYPAM

Ec d/ —-—-—==-—=-——=-—--—- EEPPAETWFFLATREPERL---LATLRSRCRLHYLAPPPEQYAVTWLSRE

Ppdp EDYQLDIMIGEGPAARSIKIDLPPFTLIGATTRAGSLTSPLRDRFGIVQRLEFY--QVPDLQYIVSRS

Ec d' VIM----- SQDALLAALRLSAGSPGAALALFQ---—-—-—--——--—-— GDNWQARETLCQALAYSVPSGD--

RUVB ARFMGLEMSDDGALEVARRARGTPRIANRLLRRVRDFAEVKHDGTISADIAAQALDMLNVDAEGEDYM

Energy profiles (Prosall by M. Sippl)

Ec d’ -WYSLLAALN---HEQAPARLHWLATLLMDALKR/VTNVDVPGLVAELANHLJ-{SPSRLQAILGDYC
RUMB DRKLLLAVIDKFF-G NES M3 ! ( \ UNHFG

0 A

Ec d’2 HTREYLMSVAGH

Energ

RUVB 4 I

0

320

Residue number

B. Guenther et al. (1997) Cell 91
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BMI206

Course assignment
The BMI206 Genome y%

QO@/; WO

Introduction

A new highly contagious virus (known as BMI206) has been isolated and its genome sequenced. Itis predicted that
its genome, of about 30,000bp, codifies for 14 genes which may translate into 12 mature proteins. Your project
will be to annotate and assign any structural and functional information to the proteins of the BMI206 genome.
All proteins sequences codified in the BMI206 genome can be found in the BMI206 .fasta file in FASTA format.

Assignment

Write a report (2 to 4 pages) of the methods you have used, the results they produced and the conclusions you
reached. The following questions can guide you while you do your research. However, there is no specific set of
answers you are required to get as the goal is for you to address each question as well as you can. There are
several "correct" answers to some of these questions.

. Actually, this is a genome from an existing virus. Which one?

. How many proteins in the BMI206 genome are membrane proteins?

. Is there a single known structure in the PDB that can be clearly associated to any of the proteins in the BMI206
genome?

. For how many of the sequences can you provide a fold assignment?

. Can you locate a putative binding site on the predicted folds?

. Do the findings you made make sense given that the genome is from a virus? For example, does any of your
assignments contain a viral envelop proteins?, do you find polyprotein processing machinery?, etc...

GRADING: The entire assignment is worth 20 points.
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