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Principles of Protein Structure
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Comparative Modeling by Satisfaction of Spatial
Restraints (MODELLER)

3D GKITFYERGFQGHCYESDC-NLQP...
SEQ GKITFYERG---RCYESDCPNLQRP...

A. Sali & T. Blundell. J. Mol. Biol. 234, 779, 1993. http://salilab.org/modeller
J.P. Overington & A. Sali. Prot. Sci. 3, 1582, 1994.
A. Fiser, R. Do & A. Sali. Prot Sci. 9, 1753, 2000.




Comparative Modeling by Satisfaction of Spatial
Restraints (MODELLER)

3D GKITFYERGFQGHCYESDC-NLQP...
SEQ GKITFYERG---RCYESDCPNLQRP...

1. Extract spatial restraints

>
Q
Z
w
2
[s]
w
i
w

15 17 19 21 23 25
C,-C,DISTANCE [A]

A. Sali & T. Blundell. J. Mol. Biol. 234, 779, 1993. http://salilab.org/modeller
J.P. Overington & A. Sali. Prot. Sci. 3, 1582, 1994.
A. Fiser, R. Do & A. Sali. Prot Sci. 9, 1753, 2000.




Comparative Modeling by Satisfaction of Spatial
Restraints (MODELLER)

3D GKITFYERGFQGHCYESDC-NLQP...
SEQ GKITFYERG---RCYESDCPNLQRP...

1. Extract spatial restraints
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A. Sali & T. Blundell. J. Mol. Biol. 234, 779, 1993. http://salilab.org/modeller
J.P. Overington & A. Sali. Prot. Sci. 3, 1582, 1994.
A. Fiser, R. Do & A. Sali. Prot Sci. 9, 1753, 2000.




Steps in Comparative Protein Structure Modeling

~ START TARGET
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Steps in Comparative Protein Structure Modeling

START

¥

Template Search

A. Sali, Curr. Opin. Biotech. 6, 437, 1995.
R. Sanchez & A. Sali, Curr. Opin. Str. Biol. 7, 206, 1997.
M. A. Marti-Renom et al. Ann. Rev. Biophys. Biomolec. Struct., 29, 291, 2000.
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Steps in Comparative Protein Structure Modeling
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END A. Sali, Curr. Opin. Biotech. 6, 437, 1995.
R. Sanchez & A. Sali, Curr. Opin. Str. Biol. 7, 206, 1997.
M. A. Marti-Renom et al. Ann. Rev. Biophys. Biomolec. Struct., 29, 291, 2000.



Steps in Comparative Protein Structure Modeling
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END A. Sali, Curr. Opin. Biotech. 6, 437, 1995.
R. Sanchez & A. Sali, Curr. Opin. Str. Biol. 7, 206, 1997.
M. A. Marti-Renom et al. Ann. Rev. Biophys. Biomolec. Struct., 29, 291, 2000.



Model Accuracy as a Function of Target-Template
Sequence ldentity
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Typical Errors in Comparative Models
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Incorrect template
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Typical Errors in Comparative Models

Incorrect template Misalignment

MODEL
X-RAY
TEMPLATE

10 20 0 50
n PQFTWAQWFETQHT NMT TNAMQVI NN YQRRCKNONTFLLTTF ANVVNVCGNPNMTC PSN
e LN T
FERQHMDS STSAASSSNY CNOMME SRNLTK DRCK PVNTFVHESLAD KNVAC-KN
Bbbbbbb
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RSA KETARAK
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—-——-PYVPVHFDASV




Typical Errors in Comparative Models

Incorrect template Misalignment
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Typical Errors in Comparative Models

MODEL
X-RAY
TEMPLATE

Region without a

template

Incorrect template

Distortion in correctly

igned regions

---KP’
RSA KETARAK

Misalignment

3%
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Typical Errors in Comparative Models

Incorrect template Misalignment

MODEL
X-RAY
TEMPLATE

n PQFTWAQWFETQHT NMT TNAMQVI NN YQRRCKNONTFLLTTF ANVVNVCGNPNMTC PSN
e LN T
FERQHMDS STSAASSSNY CNOMME SRNLTK DRCK PVNTFVHESLAD KNVAC-KN

Bbbbbbb

---KP’
RSA KETARAK
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Model Accuracy

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

HIGH ACCURACY MEDIUM ACCURACY LOW ACCURACY
NM23 CRABP
Seqid 77% Seqid 41%

X-RAY
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“Biological” significance of modeling errors

NMR - X-RAY
Erabutoxin 3ebx
Erabutoxin 1era

NMR
lleal lipid-binding protein
1eal

X-RAY
Interleukin 18 41bi (2.9A)
Interleukin 18 2mib (2.8A)




“Biological” significance of modeling errors

NMR - X-RAY
Erabutoxin 3ebx
Erabutoxin 1era

NMR
lleal lipid-binding protein
1eal

CRABPII 1opbB

FABP 1ftpA
ALBP 1lib
40% seq. id.

X-RAY
Interleukin 18 41bi (2.9A)
Interleukin 18 2mib (2.8A)




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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Characterize most protein sequences based on related known
structures.
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Structural Genomics Saief . Nat Struot Blol, T, 56, 2000.

Baker & Sali. Science 294, 93, 2001.

Characterize most protein sequences 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 (90%)
(Vitkup et al. Nat. Struct. Biol. 8, 559, 2001)

11/11/02



MODPIPE: Large-Scale Comparative Protein Structure Modeling

START

Get profile for sequence (NR)

Scan sequence profile against
representative PDB chains

Scan PDB chain profiles
against sequence

Select templates using
permissive E-value cutoff

1

MODELLER

Expand match to cover
complete domains

Align matched parts of sequence
and structure

Build model for target segment by
satisfaction of spatial restraints

Evaluate model

9jejdwia) yoea 104

END

R. Sanchez & A. Sali, Proc. Natl. Acad. Sci. USA 95, 13597, 1998.

N. Eswar, M. Marti-Renom, M.S. Madhusudhan, B. John, A. Fiser, R. Sanchez, F. Melo, N. Mirkovic, A. Sali.

9ouanbas yoes 104



Modeling with NY-SGRC od
structures eb

Server for Comparative Modeling of Genes and Genomes

Please choose input type:

Sequence |- Enterl

Structure

June 2001

Gl or

Protein Name Swissprot
Code

‘Yeast hypothetical protein P3g137
FMP oxidase F38075
‘east hypothetical protein F43554

T. maritima L-threanine
acetaldehyde-lyase

Hypothetical esterase
Hypothetical protein

mevalonate diphosphate decarhoxylase (Gl 1292830
yeast glutathione synthetase (Gl 2138534

# Acceptable

(Gl 4952377

Bonanno et al. Proc.Natl.Acad.Sci.USA 98, 12896, 2001.
Chance et al. Protein Science 11, 723, 2002.
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Comparative modeling of the TrEMBL database

Unique sequences processed: 733,239

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

4/03/02 ~4 weeks on 500 Pentium [l CPUs



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



Modeling Coverage of the Sequence Space

Not Attempted Reliable Model + Fold Assignment

Reliable Model Only
Fqjg Assignment Only
12%

Fold assignment:  PSI-BLAST E-value < 104







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.

/ | 68
HEPARIN BINDING REGION

. .
Native mMCP-7 at pH=5 (His ") Native mMCP-7 at pH=7 (His?)



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.



Structural analysis of missense mutations
in human BRCA1 BRCT domains

Nebojsa Mirkovic, Marc A. Marti-Renom, Andrej Sali

Alvaro N.A. Monteiro (Sprang Center, Cornell U.)

9/18/02



Human BRCA1 and its two BRCT domains

RING NLS BRCT

) 1| /\/\'
. 1 \AN
Globular regions e

Nonglobular regions 200 aa

Williams, Green, Glover. Nat.Struct.Biol. 8, 838, 2001

9/18/02
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Interpreotation
GENETIC VARIANT OF UNCERTAIN SIGNIFICANCE

Tne BRCAZ variant H2116R resulls in the substitution of arainine for histidine at amino acid position 2116
of the BRCAZ protein. Vanants of this type may or may nol alfect BRCAZ2 prolein function. Therefore,
the contnbution of this vanant to the relatve nsk of breast or ovanan cancer cannot be estatdshed
solely from this analysis. The obscrvation by Myriad Genelic Laboratones of this particular variant in an
indrvidual with a deletencus truncabing mulation in BRCAZ, however, reduces the hke¥hood that H2116R

is itself delelernious.
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Missense Mutations in BRCT Domains by Function

no transcription
activation
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activation

cancer  not cancer
associated associated ?
M1652K L1705PS F1761S
C1697R L1657P 1715NS M1775E
R1699W E1660G 1722FF M1775K
A1708E H1686Q 1734LG L1780P
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P1749R K1702E 1743RA V1833E
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“Decision” Tree for Predicting ﬂéb
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Putative Binding Site on BRCA1

P1812S
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R1699W/Q
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L1657P
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Conclusions

v At present, useful 3D models can be obtained for
domains in ~ 55% of the proteins (25% of
domains).

v Sampling at >30% sequence identity level.
v Completeness in structural coverage.

v Application to biological problems.



Acknowledgments

. 1Y

|

e

i
oL A
T

http://www.salilab.org

Andrej Sali

Frank Alber

Fred Davis
Damien Devos
Narayanan Eswar
Bino John

Dmitry Korkin

M. S. Madhusudhan
Nebosja Mirkovic
Ursula Pieper
Andrea Rossi
Min-yi Shen

Maya Topf



