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Model Accuracy as a Function of Target-Template
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Alignment problem: Methods
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Alignment problem

Results. Turn over.
Mycoplasma genitalium MODPIPE Models

Number of ORFs 479
Average ORF length 364
~ 30 extra
accurate models
Not at:;,mpted ...... for M, g, genOme.
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Applications of Comparative Models
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APPLICATIONS

studying catalytic
mechanism

designing and improving
ligands

docking of macromolecules,
prediction of protein partners

virtual screening and
docking of small ligands

defining antibody
epitopes

molecular replacement in
X-ray crystallography

designing chimeras, stable,
crystallizable variants

supporting site-directed
mutagenesis

refining NMR structures

fitting into low-resolution
electron density

finding functional sites by
3D motif searching

structure from sparse
experimental restraints

annotating function by
fold assignment

establishing evolutionary
relationships

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

A. Sali & J. Kuriyan.
TIBS 22, M20, 1999.
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Predicting features of a model that are not present in the template

mMCPs bind negatively charged
proteoglycans through electrostatic
interactions?

Comparative models used to find
clusters of positively charged surface
residues.

Tested by site-directed mutagenesis.
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Do mast cell proteases bind proteoglycans? Where? When?
Predicting features of a model that are not present in the template

mMCPs bind negatively charged
proteoglycans through electrostatic

interactions?

Comparative models used to find EXOCYTOSIS
clusters of positively charged surface

residues.
Tested by site-directed mutagenesis. oH 7

MAST CELL

PG

Huang et al. J. Clin. Immunol. 18,169,1998.
Iylatsumoto et al. J.Biol. Chem. 270,19524,1995.
Sali et al. J. Biol. Chem. 268, 9023, 1993.
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What is the physiological ligand of Brain Lipid-Binding Protein?

Predicting features of a model that are not present in the template

1. BLBP binds fatty

sBLBP/oleic acid sSP/Docosanaxaenoic acid 'd
acids.

Cavity is not filled Cavity is filled

Ligand binding 2. Build a 3D model.

3. Find the fatty acid
that fits most
snuggly into the
ligand binding
cavity.

L. Xu, R. Sanchez, A. Sali, N. Heintz, J. Biol. Chem. 271, 24711, 1996.
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Characterize most protein sequences based on related known
structures.
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Sali. Nat. Struct. Biol. 5, 1029, 1998.

Structural Genomics Sl Nt St et 7484 2001
Characterize most protein scquences based on related known
structures.

The number of “families” is
much smaller than the
number of proteins.

Any one of the members
of a family is fine.

There are ~16,000 30% seq id families
(Vitkup et al. Nat. Struct. Biol. 8, 559, 2001)



MODPIPE: Large-Scale Comparative Protein Structure Modeling

Prepare PSI-BLAST PSSM by
comparing the sequence against
the NR database of sequences

Align the matched part of the target
sequence with the template structure

Use the sequence PSSM to
search against the representative
set of PDB chains (F and no-F)

% Build a model for the target segment
by satisfaction of spatial restraints

PSI-BLAST
MODELLE

Use the PDB chain PSSMs to Evaluate the model
search against the sequence

(F and no-F)

Select Templates using a
permissive E-value cutoff

R. Sanchez & A. Sali, Proc. Natl. Acavd. Sci. USA 95, 13597, 1998
R. Sanchez, F. Melo, N. Mirkovic, A. Sali, in preparation
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MODPIPE: Large-Scale Comparative Protein Structure Modeling
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Prepare PSI-BLAST PSSM by
comparing the sequence against
the NR database of sequences Align the matched part of the target
sequence with the template structure
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Comparative modeling of the TrEMBL database

Unique sequences processed: 733,239

Sequences with fold assignments or models: 415,937 (57%)

/0% of models based on <30% sequence identity to template.

On average, only a domain per protein is modeled
(an “average” protein has 2.5 domains of 175 aa).

4/03/02 ~4 weeks on 500 Pentium [l CPUs
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o = Pieper et al., Nucl. Acids Res. 2002.

‘Welcome to MODBASE, a datahase of three -dimensional protein models
calculated by comparative modeling. Search for Models
En TrEMBI

About MODBASE
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General Information
#Advanced Search
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Authors and acknowledgements
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Related resources
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iew of Reauested Model
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llyin et al., 2002 (in press).




atsca ralbeEiEs BETE ”
File Edit VYiew Go Communicator Help . . CA . - - - - . . . . . =

€« » A & = &+ & @ E .
Back  Fonvard  Reload Home  Ssarch Netscaps Print  Secury  Shop Siop - -
-" w" Bookmarks J Location: fhttp: //pipe. rockefeller. edu/modbase-cgi /index. ogi /| @7 whats Rejated BDE Ll 4d A () e . .

" o WehMail 4 Calendar 4 Radio 4 Peaple 4 Yellow Pages 4 Download 4 Customize. sE

g etscane: ModBase: Sea o O
- File Edit View Go Communicator Help
M Database of Comparative MODBASE Contents > 3 a " 5 z
= = - = = = =
1 SE Protein Structure Models 837,698 Reliable Models or PSI-BLAST Fold Assignments 0 0 ] Ol 0] Back  Forward Reload Home  Search Netscaps Print  Securty  Shop Stap
i b L R TR0 ¢ esnercs 4 Locston. sty spe. cocsetelios. won/mndosse-cgs/sencch o c5n | @ wnars s
& = 7| # WebMail # Calendar 2 Radio 4 People 2 Vellow Pages 4 Download 42 Custoize.
ile i .
i 3
Welcome 10 MODBASE, a atahase of three-dimensional protein models Moo Datahase of Comparative Protein Structure Modols User: Acadenic User Change User
calculated by comparative modeling. Search for Models
Enter SwissPratTiEMBL/GenBank/PDB idenifier or
descriptor
About MODBASE =
e ‘ SEARCH for Wodels| | SEARCH for Sequences RESET]
General Information
fuvanced Search
Glossary DATASET SELECTION e
Authors and acknowledgements SPITR-2002 |
] HELP SP/TR-2001
Publications nysgre_t
’ Datasets: | nysgre_1 mut
Related resources St Logout e
Some datasets are accessible freely wihout a login e, nysgre_14 |,
Users of MooB ase are requested to site ths artile in their publcations: IECR IR MOCE] e, Some daeacty S dyalcble o
MODEASE, 2 database of annotated comparative protein structure madels 253"29;“3“33:;‘Esfiezwet‘:.sg\;fc mS:PCTs ’:mma; ﬁ;; ;‘Jp 322 ‘: o
Ursula Pieper, Narayanan Eswar, Ashiey C. Stuart, Valentin &, lyin, Andrei Sali i
ek Ackas Fes, 30, 255256, 2002. For commercial access to the models, please contact SEORCH BURHORERTIES) HELP.
Structural Geromix Inc
Al = |
MoBa se is maintained by Ursula Pieper in the group of dndre] ali Notes -
Labaratories of Malecular Biophysics, Pels Family Center for Biochemistry Organistn AL = or )i
and Structural Bology, The Rockefelar Linersity, 1230 York Ave, Meiw MODEASE contains thearetically calculated models, not
IV 10021 . Please adress ol nquies to experimentally determined structures. The models may
@oitr voclefeler.ec cantain signicant ermars Sortmatching models by | Sequence dentty 1
@ The Aockefeler dnfrersity
MODEL SEARCH BY PROPERTY RANGES HELP
(| E-value (0-100) = =1 Motel Size o and o1 Model Score (0.0-1.0) = | )
& A : = :
] - - i i B B i3 i
" ¢ Bookmarks & Location: [uttp: //pipe. rockefeller. sdu/modbase-cgi/query_results. oqizpub: lower limit— upper limit lower liit— upper imit lower it upper init u
‘ 4 WebMail g Calendar g Radio 4 Psople ¢ Yellow Pages g Download g Cusiomize SEARCH BY SEQUENCE SIMILARITY gt
Protein Sequence:
M‘Z’i‘:; o1
(bl Signed b i

[ [Amen

60 70 80 a0 100 |jeurty  Shop Stop
Search Summary ILEGSAQTUMSRSERSFEVDTAHRAAS DAETAYUIBG [ 8 [F1 page. ogi?seq_id- £4f A0BUKL File-10 /| @7 What's Related
156 PHRRYAVVIRE YT i -Ewrvses) ||
SUMMARY Search Criteria [
Similarity::14 £ I
Keywords  dhfr = Change User
User: Datasets:
Category -
i / Academic User. All
Properies ( % Seq. ldent and Model Size and  Model Score ) | I =
0009
i Ranges (min-max) -30 - -
4 ST “_E]S\gﬂed by: Unsigned classes from local hard disk
* Star L .
{ —
ity 5.00 8 001 s not res T STgTAEaAT T = Model Details
Average 25 181 073
; ® QO @ rsipLesT Foid sssicrments (et hainyand
M axirnumn a0.00 48z 100 Fieie Wockels (FigFt half) are indicated n oreen
Database Synonyis for this Sequence (100% Sequence Identity) HCIncheatss aE -y alua rof, 3n UMhiarsi ESI BLAST searcr)
hen a fitered szarch does nat reaut n 3 sgnifeant match.
wEMBL | gmviz ey
View sequences that match the Search criteria but could not be model =
G | 1333787 Plasmid pLMO229 dhirl product (441 - 157 - This Table displays all Models/Folds of this sequence
29 matches were found using the specified search criteria. Click on the links in the table header to resort your output
g the sp y p G Go7O0sD | Samenelltyphimurim cibydrofobe recuctsse - D i sl Moclels st Fold ssaments of his sequsnce
Escherichia coli plasmid 511706 dihydrofolate reductase (EC 1.5.1.3) B
acherchia col plasri iy drofolte reductase 2
Al e L | PLMOZ29 ype | - Escherichia coll plasmid pLMO229 Hodl
Select - View Downlood Modview
Model-Fold Sequence Sequence i i Protein | Modeled . . Model  PDB : Template T
iy i el Database Description Organism Seoment Sz " E-value | el R onc | Segment Description
Links
o DIRYOROFD LATE REDUCTASE TWPE VINED | £ oot oo i ee
s3  lmsmgsas2 | 1513 DHFATYPENC) 169 1-165 165 {3000 ; 4e-32 | 100 | ME oS 1-158 | DMVDROFOLATE REDUCTASE MODEL DATA
* ¥ Dafeset. SHTR-2001 PEAN PRODOHM Shigelks sorer & ' i
AT T OB ATE roanote | o votel [T 30
. S RECUCTASELEMDUATE ase | o Sicns omvBRorOLATE REDUCTASE y
Q "ol lasEmsm | DRI TSDE NOWDES CHYDRIFSLATE S0 | 2e-3 208 13000 2e-49 | 100 jiw ] el 1188 | (Re13n%conrLERA
REDUCTASE (EC 11,3, e FOLATE 10RF3 {57 Raiiig)
Gihssh SP1TR-2001 EEAN PRODOM
BPLCTIOHAL DIHVDRO FOLATE
o Ra e Hod
s REDUCTASE-THYHIDV LATE SVNIHASE N -3 = 15 2000 7e-as 100 G5 3D m il
<] I wsmsarn | Gnreormenwoes aoomroiae| ST | ses | aiou (20 3000 | % 100 tgw | eI zelan | OYRIDMEROMLE ° i B coor B g ¥
REDUCTASE (EC 1.5.1.3) chrabaut 1¢29 (2-158) DIHYDROFOLATE REDUCTASE ~ CATH 3.40.430.10.1 1.1 (96%) Subset: SP/TR-2001
Dihesh SP1R-2001 PEAN PRODOM = e
B PLNCIIGHAL DIYORO FLATE
REDUCTASE-THYNDVLATE SYNIHASE
ss L e Plismogkim ~ - 9,8 g 10VR SCIMVDRGFOLATE -
Qo =5 n oo | o rece el oo e Bl 625 | 35-237 203 (3000 i 1e-37 | 100 | ldw - 14-203 i s - T 155 | 2500 ze-37 20, 3 EE
YA SEILA 2001 ERNTPRO00R, 4vdr A (1-158) DIHVDROFOLATE REDUICTASE - CATH 3.40 430.105.1 2 (39%) Subset: SPTR-2001
B FLNCTIOHAL DHYDRO FLATE #

e [ 700% |

> AP (3 N2




Conclusions




Conclusions

v' Comparative models help to understand protein’s function:
v’ Detecting remote structural (functional?) relationships.
v'Revealing features that are not present in the templates.
v'Revealing features that are not recognizable from the sequence.



Conclusions

v' Comparative models help to understand protein’s function:
v’ Detecting remote structural (functional?) relationships.
v'Revealing features that are not present in the templates.
v'Revealing features that are not recognizable from the sequence.



Conclusions

v' Comparative models help to understand protein’s function:
v’ Detecting remote structural (functional?) relationships.
v'Revealing features that are not present in the templates.

v Revealing features that are not recognizable from the sequence.

v" Currently, useful 3D models can be obtained for domains in
approximately 57% of the proteins (25% of domains),
because of the improved methods and because of the
many known protein structures and sequences.



Conclusions

v' Comparative models help to understand protein’s function:
v’ Detecting remote structural (functional?) relationships.
v'Revealing features that are not present in the templates.

v Revealing features that are not recognizable from the sequence.

v" Currently, useful 3D models can be obtained for domains in
approximately 57% of the proteins (25% of domains),
because of the improved methods and because of the
many known protein structures and sequences.



Conclusions

v' Comparative models help to understand protein’s function:
v’ Detecting remote structural (functional?) relationships.
v'Revealing features that are not present in the templates.

v Revealing features that are not recognizable from the sequence.

v" Currently, useful 3D models can be obtained for domains in
approximately 57% of the proteins (25% of domains),
because of the improved methods and because of the
many known protein structures and sequences.

v We will be able to calculate useful models for most globular
domains in approximately 5 years, because of structural
genomics.
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