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Nomenclature

Homology: Sharing a common ancestor, may have similar or
dissimilar functions

Similarity: Score that quantifies the degree of relationship between
two sequences.

Identity: Fraction of identical aminoacids between two aligned
sequences (case of similarity).

Target: Sequence corresponding to the protein to be modeled.

Template: 3D structure/s to be used during protein structure prediction.

Model: Predicted 3D structure of the target sequence.




protein prediction .vs. protein determination
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Why is it useful to know the structure of a protein,
not only its sequence?

& The biochemical function (activity) of a protein is defined by its interactions with other
molecules.

<& The biological function is in large part a consequence of these interactions.

& The 3D structure is more informative than sequence because interactions are determined
by residues that are close in space but are frequently distant in sequence.
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In addition, since evolution tends to conserve
function and function depends more directly on
structure than on sequence, structure is more

conserved in evolution than sequence.

The net result is that patterns in space are
frequently more recognizable than patterns
in sequence.




Principles of Protein Structure

GFCHIKAYTRLIMVG..

Folding Evolution
Threading

Ab initio prediction Comparative Modeling




Comparative Modeling by Satisfaction of Spatial Restraints (MODELLER)
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1. Extract spatial restraints
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2. Satisfy spatial restraints

http://www.salilab.org/modeller
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Steps in Comparative Protein Structure Modeling

’ TARGET TEMPLATE

ASILPKRLFGNCEQTSDEG

.,...r Template Search LKIERTPLVPHISAQNVCLKI
( )
Target - Template ASILPKRLFGNCEQTSDEGLKIERTPLVPHISAQNVCLKIDDVPERLIPE

DDVPERLIPERASFQWMN
DK
5 MSVIPKRLYGNCEQTSEEAIRIEDSPIV---TADLVCLKIDEIPERLVGE
Alighment
o J

i |
Model Building | @

( Model Evaluation

bibp BIGIS0001

0.8

0.0
-0.8 1
-1.6 1

OK?
-24 T T T T T
0 20 4 60 80 100 120

YeS AESIOUE INDEX

PSEUDC ENERGY

A. Sali, Curr. Opin. Biotech. 6, 437, 1995.
R. Sanchez & A. Sali, Curr. Opin. Str. Biol. 7, 206, 1997.
M. Marti et al. Ann. Rev. Biophys. Biomolec. Struct., 29, 291, 2000.




Typical errors in comparative models

Incorrect template Misalignment

MODEL
X-RAY
TEMPLATE

Region without a Distortion/shifts in _ _ _
_ _ Sidechain packing
template aligned regions

Y 33

Marti-Renom et al. Annu.Rev.Biophys.Biomol.Struct. 29, 291-325, 2000.




Model Accuracy as a Function of Target-Template Sequence Identity

100

Q.

@ 80 1

p—

)

>

O 60 -

)

S

') 40 - A Template - Target

= ® Model - Target

-+—

N

52 20 - [[] Template - Target difference
[] Alignment error

O I 1 1 I

0 20 40 60 80 100
% Sequence identity

Sanchez, R., Sali, A. Proc Natl Acad Sci U S A. 95 pp13597-602. (1998).




Model Accuracy

HIGH ACCURACY

NM23

Seqid 77%

Co equiv 147/148
RMSD 0.41A

Sidechains
Core backbone
Loops

/ MODEL

CRABP
Seqid 41%

Co equiv 122/137
RMSD 1.34A

Sidechains
Core backbone
Loops
Alignment

LOW ACCURACY

EDN

Seqid 33%

Co equiv 90/134
RMSD 1.17A

Sidechains

Core backbone
Loops
Alignment

Fold assignment

Marti-Renom et al. Annu.Rev.Biophys.Biomol.Struct. 29, 291-325, 2000.




Classification of the structural space




SCOP..1 database

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

Structural Classification of Proteins

Wekcome to SCOP Syactiral Clansdication of Protens 1,65 release (December 2003)
20619 PDB Eatries | Litersswe Refovence $474%5 Doensmrn (exchudng muclee acdi sd Secectcdl models). Folds
seperfassles, and faeres sanisics dere New Solds superfamsios faeiabes List of obiolete extries pod Shex foplacements

Anthors. Alexey G Mz, Locedana Lo Come, Antoama Aadveeva, Dave Howorts, Bartle G Adey, Seeven £ Breaser
Tes ) P Hubbard, and Cryrus Chodea sc0p Fmec b cams a0 vk

Reference: Muno A G, Brenner S E, Hobbard T, Chothia € (1994) 3007 a structral classicancn of proteins
database for the mvestigation of sequences and strocowes. J Mol Biol 247, £36-540. [PDF]

Major changes (stable identifiers, parseable fles. extended searching and Snkang opticas. reclasiied entmies history) are
described = Lo Conte L, Brerner S E, Hebbard TJP. Chothia €, Mazne A (2002} 5C0P database i 2000
refnmments accommodate iructoral pescescs. Vel Ac 301, 264-267 [PDF)

An&eeva A, Howorth D, Bremner SE, Hobbard TJP, Chetdsa € = AG (2004) scor desbase m 2004
tefnrments zpegrae wuchize and sequence fardy deta Nal foid Re 06-D229

Access methods

Enter scoe at the 1op of the hiecarchy

Kevword sear

Reclanied enmmer 168, previoun releases QL ste)
SCOPF doman sequences aad pdb-atyle coordinate fes (ASTRAL)

e e

HiSden Markoow Model Reeary for $C0P superfasrsies (JUFERFANDLY
Ouline 1esouries of potennial mterest 1o SCOP uiers

SCOP mirrers around te workd may speed your access
News

o SCOP han bees updated w0 inchode al 708 entries released wp 10 | Augast 2003 See folde, superfamiies. and famlles
satncs

* Several pasts of the 5007 clansication bave been restructired, especially i tis release and i the previous coe You

camn browie the subset of the cladication afected by Bese chmges @ a SC0P-view form for modScations ocowred

betueen | 63 aad | 6%, ¢r previons releases. Changes sppesr as cossnemts sssociated o déman cxtries, with keks

10 the reviied cdadicatica. You can use the SC0P aanvigasion buttoas 10 move o = the hermchy md %0 espend o

colapie entries. The bst of Ghclete entries ind thex replaccmensy i also ovadabie coline

SCOP Memtiiors 20w appear expbodly m the web pages (n sgumed beackess)

Linkcs Som 2 SCOP domsain 10 the comrespoading SWISSPR0T and EC entries have been added (see the ¢ icoa) Thasks

10 Sameer Velankar and Phd McNell from the EECMSD group and to Virpese Mirard from the E51 sequeace database

poup for providing the most wp-9o-date map between POS chans and SWISSPROT, EC sdentifiers

o Itis pow possble 10 wse S5M 10 search the up-to-date PDE archive vsing 3 SCOP domam entry (Viadhe ¢ ikoal orto o

&) 300 he wnd ndormaton O e

v Largely recognized as “standard of gold”
v" Manually classification
v Clear classification of structures in:

CLASS
FOLD

SUPER-FAMILY

FAMILY

v' Some large number of tools already available

Manually classification
Not 100% up-to-date
Domain boundaries definition

Class Number Number of Number of
of folds superfamilies families
All alpha proteins 226 392 645
All beta proteins 149 300 594
Alpha and beta proteins (a/b) 134 221 661
Alpha and beta proteins (a+b) 286 424 753
Multi-domain proteins 48 48 64
Memprane and cell surface 49 90 101
proteins
Small proteins 79 114 186
Total 971 1589 3004

Murzin A. G.,el at. (1995). J. Mol. Biol. 247, 536-540.
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CATH:.., database

http://www.cathdb.info

B e e 1 Uses FSSP for superimposition
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v' Recognized as “standard of gold”
v Semi-automatic classification
v" Clear classification of structures in:

(9] CATH Protein Structure Classification

T CLASS
2o Version 2.6.1: Relessed January 2004 ARCHITECTURE

Gota i Mm' - HOMOLOGOUS SUPERFAMILIES
v' Some large number of tools already available

o Erowse o seaich the cassdicasen

" Gunw o A v' Easy to navigate
o CATH bsts and Ap ste
. M~D{l--.~.rdnc:v-x¢p\n iumlmf-n Sarrerary of stroctal aed
R | | e e
Introduction Semi-automatic classification
CATH in 5 e Narsichicn chmonlicaion o pskiia S Wrsshres Domain boundaries definition
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g StCtre Compansons \) J 0 ) \.) @ 0 0 D
s doovedancoder maneo [‘“ n t Mainly Alpha 5 305 652 1850 2329 3001 6587 19729
Reference ; % Mainly Beta 20 191 (415 1860 2531 3846 6503 25537
m CAu w’;« At; Joses 5 Jows DT sme e Alpha Beta 14 496 922 3922 5303 6659 12998 47193
JM (199T) CATH- A M e Clasadiced "
Doman Siuctiss Snoctae Vel § 10 8. p 10331938 TIMbane( Sandvnch Few Secondary Structures 1 |92 102 |162 200 275 |403 1426

Peat FMG Lew D Beay JE Siltce | Todd AE Hamisen AP Total 40 1084 2091 7794 10363 13781 25491 93885

Thomton J M and Orenge, C A {2000) Asagnng DetOme s0quences 0 N l/
CATH Nuchee Accs Resaasch Vol 78 No 1 277282 T XY
Other CATH Contributors 33‘
.
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Orengo, C.A., etal. (1997) Structure. 5. 1093-1108.
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DBAIli... database

http://bioinfo.cipf.es/squ/services/DBAli/
http://www.salilab.orq/DBAli/

s a & DRAN v2.0 home page

- (A ] c ;V 2 M (s oy DEN ~Q

L sxe Memsr Scemer Seach s JowrmalOuh 221y Programmmg e Macy  Manushy » Shopping *  Goants »

v Fully-automatic
!— o~y -

v
v' Data is kept up-to-date with PDB releases

v" Tools for “on the fly” classification of families.
v

v

Easy to navigate

Provides tools for structure analysis
Genrzs DUALL A Database of Structure Alignments.
o Macs A Mars fenom sed Arcre| Sad
Does not provide a stable classification similar to
that of CATH or SCOP

e Wi e Nl of Mashusudtan M S E Namayaran, 8 Woedd
and A Oreas MANMOTH 2eo0ram

Tres 500 COVANS 3 VO 10-2000 3 208N 31 COMGAraon Of Droaen SYUCRAes

Cumenty. ODAS contains 1 210877708 pairwine srvctural sigaments genmeaied by

MAMMOTH ana rmdy Dardad Muiiple SVOMIe AMGrments W 28 184 non-redundart

Chara i FOS generiind by MODELLES The datadase ado mciuded severd bnks 1o
roamal and Etemdl AoUTes

Palrwise struchure alignmants

s e e e T e Last upsale Fobsary 198, 2007
o Fog sruoney relatsorshios 0eoostes in DRAL (Search NuTDar 0! crans 88 zZ70
o ASalyze 1w AN de00sNed n DEAN (Toos)
o Doowse 1oecal pages 1o Sructunal Genomics NUTTAr 0! SIUCIUTE-SINCIUND COMpamnmons’ 1425479345

o Obtan hdp on Now-10 use DRAN el

Muitipie struciure alignments

e s etewns Oewiial Eeate  dasmeare Vetou (2 © 3000 - 0N M- Swnan

Last update: Jansary 23, 2007
NUMCar Of ADIESENAING ChANnS. J0. %0
NuMgar 01 tamios: 11635
Uses MAMMOTH for similarity detection
v VERY FAST!!!
v' Good scoring system with significance
Ortiz AR, (2002) Protein Sci. | | pp2606 Marti-Renom et al. 2001. Bioinformatics. 17, 746
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Not an easy task!

Domain definition AND domain classification

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

Classification of the structural space
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template search and

template-target alignment
(build_profile & pp_scan)

Marti-Renom, [t al. (2004) Prot. Sci. 13 ppl1071
Narayanan, et al. in prepration




Preparation of Sequence Database

UniProt

theuniversal promn resource

1,803,406

LENGTH FILTER
(=80aa / =3000aa)

1,774,668

SEG FILTER

(=40aa / =40% of length)

1,460,796

SEQID FILTER

799,201

688,726

609,238

532,251




Preparation of Sequence Database

Generation of Alignment Scores

S M L K P

0 0 0 0 0 0
T 0 S11| Sl12 | S13 | S14 | Ss15
C 0 S21 | S22 | s23 | S24 | S25
I 0 S31 | S32 | S33 | S34 | S35
R 0 S41 | S42 | S43 | S44 | S45

Score-only Implementation of Smith-

Waterman Dynamic Programing
Algorithm

Miller & Myers, 1988




Preparation of Sequence Database
Generation of Alignment Scores
Construction of PSSM
Position-Specific Scoring Matrix
Data-dependent Pseudocounts
Position-Based Sequence Weights
Assessment of Statistical Significance
Select Sequences Based on E-value

Create Multiple Alignment
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where:
. IS a scaling factor

pia 1S the estimated probability of residue « to
be found at position i

P, is the background probability of residue «

Henikoff & Henikoff, 1994




Preparation of Sequence Database

Generation of Alignment Scores

Construction of PSSM
Position-Specific Scoring Matrix

Data-dependent Pseudo-counts

Pia _L Zfb Ta

oc+[3 oc+,B

where:

fia,fir are the observed weighted counts of
residues a,b at position i

qab are the target frequencies implicit in the
substitution matrix (BLOSUMG62)

o, =Ny, -1 B=10

where:

N is the number of different
residues at i

Tatusov et.al., 1994: Altschul et.al., 1997




Preparation of Sequence Database

Generation of Alignment Scores

OO 00 -
3

Construction of PSSM

Position-Specific Scoring Matrix

Cleﬁ Cright
Estimation of Target Frequencies . 1 1
" . W, = 2 Y
Position-Based Sequence Weights Crighz‘ - Cleft +1 7=Ciapt - Coige LV aiift M

where:

Wn is the number of times the residue
in sequence m occurs in the column

Henikoff & Henikoff, 1994
Wang & Dunbrack, 2004
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Preparation of Sequence Database émi . ézooo [ 4

s o

Generation of Alignment Scores ) 1500 [-

1000 L | B— | B— | I— 1000 acl P | R | 1

. 3 B 5 6 7 8 3 4 5 6 7 8

Construction of PSSM Log Length Log Length

Position-Specific Scoring Matrix
£ s
Estimation of Target Frequencies % 2000 -
g .

Position-Based Sequence Weights

1000 bt L L L

Assessment of Statistical Significance Lag Laooe B

—zr/N6-T'(1
Select Sequences Based on E-value P(Z > z) =1- exp(—e e ( ))
Create Multiple Alignment E(Z) = P(Z)N

Pearson, 1998




Preparation of Sequence Database

Generation of Alignment Scores

Construction of PSSM
Position-Specific Scoring Matrix
Estimation of Target Frequencies
Position-Based Sequence Weights

Assessment of Statistical Significance

Re-align Significant Alignments

Full Implementation of Smith-
Waterman Dynamic Programing
Algorithm

Gotoh, 1987




Preparation of Sequence Database

Generation of Alignment Scores

Construction of PSSM
Position-Specific Scoring Matrix
Estimation of Target Frequencies

Position-Based Sequence Weights

Assessment of Statistical Significance
Re-align Significant Alignments

Create Multiple Alignment
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Iterate or ‘il’
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PP_SCAN or profile-profile alignments

A) Training Set B) Testing Set
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"%
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% of sequence identity % of sequence identity

%0 10 20 30 40 80

RSMD

0 20 « 6 8 10 0 20 4 6 8 10
% of equivalont postons % of equivalent positions.

Seq.-Seq.

Seq.-Str.

Prof.-Seq.

Prof.-Prof.

ALIGN: DP pairwise method
BLAST2SEQ: Local heuristic method

SEA: Local structure prediction method

SAM: HMM method

PSI-BLAST: Local search method that
uses multiple sequence
information for one of the

sequences.
LOBSTER: HHM + Phylogeny Method

CLUSTALW: DP multiple sequence

method.
COMPASS: DP profile-profile method

PP_SCAN: DP pairwise method that

uses multiple sequence
information for both

sequences.




PP SCAN protocols

Profile generation
» PSI-Blast (PBP)
 Henikoff & Henikoff (HH)
* Henikoff & Henikoff + Similarity (HS)
* Henikoff & Henikoff substitution matrix (MAT)

Profile comparison
« Correlation coefficient (CC)
* Euclidean distance (ED)
* Dot product (DP)
« Jensen-Shannon distance (JS)
 Average value (Ave)




PP_SCAN protocols accuracy

SALIGN protocol CE overlap [%] Shift score
CCrpBP 55 +23 0.61 £0.24
CCHH 56 +23 0.61 £0.24
CChs 56 +24 0.62 +0.23
CCwmaATt 51 £25 0.55 +£0.27
EDpBP 54 +24 0.60 +£0.25
EDHH 54 +24 0.59 +0.26
EDHs 55 +24 0.59 +£0.26
DPprBP 55 =23 0.61 £0.24
DPHH 56 +23 0.60 £0.25
DPHs 55 +24 0.61 £0.24
JSHH 53 +24 0.60 +£0.24
JSHs 54 +24 0.60 £0.24

AvemAT 49 + 26 0.52 £0.29
TOP 62 +20 0.67 +£0.20




PP_SCAN accuracy

CE 100 +0 1.00 +0.00 BLAST -

BLAST 26 +29 0.32 +0.33 AUGH o
PSI-BLAST 43 + 31 0.48 +0.35 CLUSTALW

SAM 48 +26 0.50 +0.34 PSI BLAST "
LOBSTER 50 + 27 0.51 + 0.32 COMPASS - ’

SEA 49 +27 0.53 +0.29 S

ALIGN 42 +25 0.44 +0.28 SEA - 124
CLUSTALW 43 +27 0.44 +0.31 LOBSTER
COMPASS 43 + 32 0.49 + 0.35 o00e 6.2

CCHH 56 +23 0.61 +0.24

CChs 56 =+ 24 0.62 +0.24 ' ' ' ' ' s

TOP 62 20 0.67 +0.20 8 8 Z 2 3 * ~ f g -




% of alignments

PP_SCAN success
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Alignment accuracy
(CE overlap)

200 pairwise DBAIi alignments

PSI-BLAST (sequence-profile alignment)

SEA (local structure alignment)

PP_SCAN (profile-profile alignment)
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MOULDER




Moulding: iterative alignment,
model building, model assessment

A

3

. Comparative modeling

o
&)

alignment

)
N

model building

model assessment

Models per alignment

l

—

s Moulding

. Threading
>

o4
Alignments
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Genetic algorithm operators

Single point cross-over

..TSSO—NMK——L.GVFWGY... }
..TSSO—NMKLGVFWGY——... ©
. V—S5CN——GDLHMKVGV.. U SEIGIC IR LAt

.. PSSONMKLGVFWGY——..
..PSSQNMK——LGVFWGY... <
' VSSCNGDLHMKV——GV.. ~VSSCR——GDLHMRVGY...

Gap insertion

«.TSSQON—MKLGVEFWGY...

. TSSONMKLGVEFWGY... ..VSSCNGDLHMKVG—-V...
..VSSCNGDLHMKVGV...

«.— T —SSONMKLGVFWGY...
..VSSCNGDLHMKVGV—...

Gap shift ..T—S—SONMKLGVFWGY...
.T—SSQONMKLGVFWGY... ..VSSCNGDLHMKVGV—...

...VS SCNGDLHMKVGV_... ..._TSSQNMKLGVFWGY...
..VSSCNGDLHMKVGV—...

.. S—SQNMKLGVFWGY...
..VSSCNGDLHMKVGV—... .~

Also, “two point crossover” and “gap deletion”.




Composite model assessment score

Weighted linear combination of several scores:

« Pair (Pp) and surface (Pg) statistical potentials;

« Structural compactness (Sg);
«Harmonic average distance score (Hg);

« Alignment score (Ag).

Z = 0.17 Z(P¢) + 0.02 Z(Ps) + 0.10 Z(Sc) + 0.26 Z(H.) + 0.45 (As)

Z(score) = (score- y)/o
U ... average score of all models
O ... standard deviation of the scores

37




Benchmark with the “very difficult” test set

D. Fischer threading test set of 68 structural pairs (a subset of 19)

1ATR-1ATN 13.8 943 19.2 20.2 18.8 20.2 17.1 246
1BOV-1LTS 4.4 83.5 10.1 29.4 3.6 79.4 3.1 926
1CAU-1CAU 18.8 96.7 11.7 15.6 10.0 27.4 7.6 474
1COL-1CPC 11.2 81.4 8.6 44.0 5.6 58.6 4.8 59.3
1LFB-1HOM 17.6 75.0 1.2 100.0 1.2 100.0 1.1 100.0
1NSB-2SIM 10.1 89.2 13.2 20.2 13.2 20.1 12.3 26.8
1RNH-1HRH 26.6 91.2 13.0 21.2 4.8 35.4 35 57.5
1YCC-2MTA 145 55.1 3.4 724 5.3 58.4 3.1 75.0
2AYH-1SAC 8.8 78.4 5.8 33.8 5.5 48.0 4.8 64.9
2CCY-1BBH 21.3 97.0 4.1 52.4 3.1 73.0 2.6 77.0
2PLV-1BBT 20.2 91.4 7.3 58.9 7.3 58.9 6.2 60.7
2POR-20MF 13.2 97.3 18.3 11.3 11.4 14.7 10.5 25.9
2RHE-1CID 21.2 61.6 9.2 33.7 7.5 51.1 4.4 71.1
2RHE-3HLA 24 96.0 8.1 16.5 7.6 9.4 6.7 435
3ADK-1GKY 195 100.0 13.8 26.6 115 37.7 7.7 48.1
3HHR-1TEN 18.4 98.9 7.3 60.9 6.0 66.7 4.9 79.3
4FGF-81IB 14.1 98.6 11.3 24.0 9.3 30.6 5.4 41.2
6XIA-3RUB 8.7 441 10.5 145 10.1 11.0 9.0 34.3
9RNT-2SAR 13.1 88.5 5.8 417 5.1 51.2 48 69.0
AVERAGE 14.2 85.2 9.6 36.7 7.7 44.8 6.3 57.8
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Application to a difficult modeling case
1BOV-1LTS

Sequence identity 4.4%
Initial model Co. RMSD 10.1A

Final model Co. RMSD 3.6A

10 15

Iteration index







Comparative Protein Structure Prediction
MODELLER tutorial

$>mod9v1l model.py

Structural Genomics Unit S
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Obtaining MODELLER and
related information

& MODELLER ©v1) web page

o http://www.salilab.orqg/modeller/

¢ Download Software (Linux/Windows/Mac/Solaris)
¢ HTML Manual
¢ Join Mailing List

A . ®sun sgi A
Windows
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Using MODELLER

¢ No GUI' ®

¢ Controlled by command file ®®

& Script is written in PYTHON language ©

¢ You may know Python language is simple ©©




MODELLER 9v1

Python interface

e Modeller Python interface uses classes, e.g.:
« ‘alignment’ holds and manipulates aligned sequences
 ‘model’ holds and manipulates protein models
e ‘environ’ keeps the configuration of the environment
» ‘profile’ holds and manipulates sequence profiles
* ‘'sequence_db’ s for sequence databases

e These behave just like ordinary Python classes, but
Modeller Fortran code is linked to them

e The Modeller data is automatically freed when the
Python object is deleted (explicitly or implicitly)
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MODELLER 8

class hierarchy

modobject

automodel

alignment

environ

density

loopmodel

* ‘object’ is a standard
Python class

* ‘modobject’ provides
basic functions for
most Modeller classes

* Not all classes are
shown in this diagram




Using MODELLER

& INPUT:
¢ Target Sequence (FASTA/PIR format)
¢ Template Structure (PDB format)
¢ Python file
& OUTPUT:
¢ Target-Template Alignment
¢ Model in PDB format
¢ Other data
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Modeling of BLBP
Input

< Target: Brain lipid-binding protein (BLBP)
< BLBP sequence in PIR (MODELLER) format:

>P1;blbp
sequence :blbp

VDAFCATWKLTDSQNFDEYMKALGVGFATRQVGNVTKPTVIISQEGGKVVIRTQCTFKNTEINFQLGEEFEETSID
DRNCKSVVRLDGDKLIHVQKWDGKETNCTREIKDGKMVVTLTFGDIVAVRCYEKA* :
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Modeling of BLBP
STEP 1: Align and sequences
Python script for target-template alignment

# Example for: alignment.align()

# This will read two sequences, align them, and write the alignment
# to a file:

log.verbose()
env environ()

aln alignment (env)

mdl = model(env, file=' ")
aln.append model (mdl, align_ codes=' )

aln.append(file="' , align_codes=(" "))

# The asl.sim.mat similarity matrix is used by default:
aln.align(gap_penalties_1d=(-600, -400))
aln.write(file='blbp-lhms.ali', alignment_format='PIR')
aln.write(file='blbp-lhms.pap', alignment format='PAP')

Run by typing mod9v1l align.py in the directory where you have the python file.
MODELLER will produce a align. log file
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Modeling of BLBP
STEP 1: Align and sequences
Python script for target-template alignment

# Example for: alignment.align()

# This will read two sequences, align them, and write the alignment
# to a file:

log. 0
()

(env)
(env, file=' ")
(mdl, align_ codes=' ")
(file=" ', align_codes=("' "))

asl.sim.mat similarity matrix is used by default:
(gap_penalties_1d=(-600, -400))
(file='blbp-lhms.ali', alignment_ format='PIR')
(file='blbp-lhms.pap', alignment format='PAP')

Run by typing mod9v1l align.py in the directory where you have the python file.
MODELLER will produce a align. log file




Modeling of BLBP
STEP 1: Align and sequences
Python script for target-template alignment

# Example for: alignment.align()

# This will read two sequences, align them, and write the alignment
# to a file:

log.verbose()
env = environ()

aln = alignment ( )

mdl = model ( ’ ="'

aln.append_model ( -

aln.append ( ="' 'y =(' "))

# The asl.sim.mat similarity matrix is used by default:
aln.align( =(-600, -400))

aln.write( 'blbp-lhms.ali’, '"PIR')
aln.write( 'blbp-lhms.pap’, "PAP')

Run by typing mod9v1l align.py in the directory where you have the python file.
MODELLER will produce a align. log file




Modeling of BLBP
STEP 1: Align and sequences
Python script for target-template alignment

# Example for: alignment.align()

# This will read two sequences, align them, and write the alignment
# to a file:

log.verbose()
env environ()

aln alignment (env)

mdl = model(env, file=' )
aln.append model (mdl, align codes=' )
aln.append(file="' -, align_codes=(" "))

# The asl.sim.mat similarity matrix is used by default:
aln.align(gap_penalties_1d=(-600, -400))
aln.write(file='blbp-lhms.al:"', alignment_format='PIR')
aln.write(file='blbp-lhms.pap', alignment format='PAP')

Run by typing mod9v1l align.py in the directory where you have the python file.
MODELLER will produce a align. log file
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Modeling of BLBP
STEP 1: Align and sequences
Output

>P1l;1lhms

structureX:lhms: 1 : : 131 : :undefined:undefined:-1.00:-1.00
VDAFLGTWKLVDSKNFDDYMKSLGVGFATRQVASMTKPTTITEKNGDILTLKTHSTFKNTEISFKLGVEFDETTA
DDRKVKSIVTLDGGKLVHLQKWDGQETTLVRELIDGKLILTLTHGTAVCTRTYEKE*

>P1;blbp
sequence :blbp: D : : : : 0.00: 0.00
VDAFCATWKLTDSONFDEYMKALGVGFATRQVGNVTKPTVIISQEGGKVVIRTQCTFKNTEINFQLGEEFEETSI

DDRNCKSVVRLDGDKLIHVQKWDGKETNCTREIKDGKMVVTLTFGDIVAVRCYEKA*
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Modeling of BLBP
STEP 1: Align and sequences
Output

>P1l;1lhms

structureX:lhms: 1 : : 131 : :undefined:undefined:-1.00:-1.00
VDAFLGTWKLVDSKNFDDYMKSLGVGFATRQVASMTKPTTITEKNGDILTLKTHSTFKNTEISFKLGVEFDETTA
DDRKVKSIVTLDGGKLVHLQKWDGQETTLVRELIDGKLILTLTHGTAVCTRTYEKE*

>P1;blbp

sequence :blbp: D : : : : 0.00: 0.00
VDAFCATWKLTDSONFDEYMKALGVGFATRQVGNVTKPTVIISQEGGKVVIRTQCTFKNTEINFQLGEEFEETSTI

DDRNCKSVVRLDGDKLIHVQKWDGKETNCTREIKDGKMVVTLTFGDIVAVRCYEKA*
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Modeling of BLBP
STEP 1: Align and sequences
Output

_aln.pos 10 20 30 40 50 60
lhms VDAFLGTWKLVDSKNFDDYMKSLGVGFATRQVASMTKPTTIIEKNGDILTLKTHSTFKNTEISFKLGV

blbp VDAFCATWKLTDSONFDEYMKALGVGFATRQVGNVTKPTVIISQEGGKVVIRTQCTFKNTEINFQLGE
consrvd **xkk  kkkk kk kkk kkk kkkkkkkkkk *kkk *k * *  kkkkkkk Kk Kkk

_aln.p 70 80 90 100 110 120 130
lhms EFDETTADDRKVKSIVTLDGGKLVHLOQKWDGQETTLVRELIDGKLILTLTHGTAVCTRTYEKE

blbp EFEETSIDDRNCKSVVRLDGDKLIHVQKWDGKETNCTREIKDGKMVVTLTFGDIVAVRCYEKA
consrvd ** *kk  kkk kk k kkk kk Kk kkkkk k% *k  kkk *kk Kk ok Kk kkk
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Modeling of BLBP
STEP 2: Model the structure using the
alignment from step 1.
Python script for model building

# Homology modelling by the automodel class

from modeller.automodel import * # Load the automodel class
log.verbose() # request verbose output

env = environ() # create a new MODELLER environment

# directories for input atom files
env.io.atom_files_directory = '

automodel (env,
alnfile = # alignment filename

knowns o # codes of the templates
sequence = ) # code of the target
a.starting model= index of the first model
a.ending_model = index of the last model
(determines how many models to calculate)
do the actual homology modelling

Run by typing mod9v1 model.py in the directory where you have the python file.
MODELLER will produce a align. log file
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Modeling of BLBP
STEP 2: Model the structure using the
alignment from step 1.
Python script for model building

# Homology modelling by the automodel class

from modeller.automodel import * # Load the automodel class

log. () # request verbose output

env = () # create a new MODELLER environment

# directories for input atom files
env.io.atom_files_directory = '

(env,
alnfile = # alignment filename
knowns o # codes of the templates
sequence = ) # code of the target
a.starting model= index of the first model
a.ending_model = index of the last model
(determines how many models to calculate)
do the actual homology modelling

Run by typing mod9v1 model.py in the directory where you have the python file.
MODELLER will produce a align. log file

56




Modeling of BLBP
STEP 2: Model the structure using the
alignment from step 1.
Python script for model building

# Homology modelling by the automodel class

from modeller.automodel import * # Load the automodel class
log.verbose() # request verbose output

env = environ() # create a new MODELLER environment

# directories for input atom files
env.

automodel (
# alignment filename

# codes of the templates
# code of the target
index of the first model
index of the last model
(determines how many models to calculate)
do the actual homology modelling

Run by typing mod9v1 model.py in the directory where you have the python file.
MODELLER will produce a align. log file
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Modeling of BLBP
STEP 2: Model the structure using the
alignment from step 1.
Python script for model building

http://www.cgl.ucsf.edu/chimera/

http://www.openrasmol.org

http://pymol.sourceforge.net/

Model file =
blbp.B99990001.pdb



http://www.expasy.org/spdbv/
http://www.expasy.org/spdbv/
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MODWEB

http://salilab.org/modweb
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Web

Server for Comparative Protein Structure Modeling
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Caltornia insthute for Quantitative Biomedical Research

Universiy of CaMomia San Francisco
Mission Bay Genentech Hall Suite N&T2D, San Francisco, CA 54143-2240
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Utility of protein structure models, despite errors

comparative modeling NMR, X-RAY
% SEQUENCE IDENTITY

threading

de novo prediction
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insignificant sequence similarity
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APPLICATIONS

D. Baker & A. Sali. Science 294, 93, 2001.
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