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Principles of protein structure
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D. Baker & A. Sali. Science 294, 93, 2001.



Steps in Comparative Protein Structure Modeling

Model Evaluation
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Typical errors in comparative models
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Marti-Renom et al. Annu.Rev.Biophys.Biomol.Struct. 29, 291-325, 2000.
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Alignment errors are frequent and large
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R. Sanchez & A. Sali, Proc. Natl. Acad. Sci. USA 95, 13597, 1998.



SALIGN & DBAI

aligning structures

M.S. Madhusudhan, M.A. Marti-Renom, N. Eswar and A. Sali.
SALIGN: aligning structures with MODELLER.
In preparation

M.A. Marti-Renom and A. Sali.
DBAIi: a comprehensive database of protein structure alignments.
in preparation



Structural alignment by properties conservation
(SALIGN-MODELLER)
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DBAIi20 database

http://salilab.org/DBAli/

DBAIi v2.0 home page

DBAIi. A Database of Pairwise Structure Alignments.

Mare A. Marti-Renom and Andrej Sali

with the help of A. Ortiz's MAMMOTH program.

This site contains an up-to-date all-against-all comparison of protein structures. Currently,
the database contains 611,568,824 pairwise structural alignments generated by
MAMMOTH. The database also includes several links to internal and external resources.

Uses MAMMOTH for similarity detection

v" VERY FAST!!!
v" Good scoring system with significance

Ortiz AR, (2002) Protein Sci. 11 pp2606

Fully-automatic

Data is kept up-to-date with PDB releases
Tools for “on the fly” classification of families.
Easy to navigate

Provides tools for structural analysis

ANANENENAN

* Does not provide (yet) a stable classification

DBAIi statistics as of Saturday 27th of November 2004
Last updated:
November 26th, 2004 (19:29h)

Number of chains in database:
58,545

Number of structure-structure comparisons:
612,899,530



SALIGN

aligning profiles

M.A. Marti-Renom, M.S. Madhusudhan, A. Sali.
Alignment of Protein Sequences by Their Profiles.
Protein Sciences 13, 1071-1087, 2004.



A) Training Set
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: SAM: HMM method

i PSI-BLAST: Local search method that

’ uses multiple sequence
information for one of the

§ sequences.
i LOBSTER: HHM + Phylogeny Method

: CLUSTALW: DP multiple sequence

5 method.
§ COMPASS: DP profile-profile method

SALIGN DP pairwise method that
- uses multiple sequence
information for both
sequences.



SALIGN accuracy

CE 100 +0 1.00 +0.00
BLAST 26 +29 0.32 +£0.33
PSI-BLAST 43 =31 0.48 +0.35
SAM 48 + 26 0.50 +0.34
LOBSTER 50 + 27 0.51 + 0.32
SEA 49 +27 0.58 £0.29
ALIGN 42 +25 0.44 +0.28
CLUSTALW 43 +27 0.44 +0.31
COMPASS 43 + 32 0.49 + 0.35
CChH 56 +23 0.61 +£0.24
CChs 56 =24 0.62 +0.24
TOP 62 +20 0.67 +0.20

BLAST -
ALIGN
CLUSTALW 0.94
PSI-BLAST 012 | 1.14
COMPASS ~ 063 | 0.60 | 1.53
SAM 514 | 570 | 5.74 | 6.68
SEA 123 | 641 | 697 | 696 | 7.91
LOBSTER 0.33 1.54 668 | 7.24 | 7.28 8.21
CChs - 555 | 6.21 | 7.06 | 1237
CCh 0.78 | 633 | 699 | 7.84
T T T T T T T T T T
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% of alignments

SALIGN success
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Alignment accuracy (CE overlap)

200 pairwise DBAIi alignments

PSI-BLAST (sequence-profile alignment) 43%
SEA (local structure alignment) 49%

SALIGN (profile-profile alignment) 56%



MOULDER

B. John, A. Sali.
Comparative Protein Structure Modeling by lterative Alignment, Model Building,

and Model Assessment.
Nucleic Acids Research 31, 3982-3992, 2003.



Moulding: iterative alignment,
model building, model assessment
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Moulding by a Genetic Algorithm approach

< st >

Sequence profiles of target & template
¥
| Generate 25 initial target-template alignments |
N 2
| Rank alignments by alignment score (top 15— parents) |
¥

| Build all atom models for 15 parent alignments |
v
| Rank models by the GA341 score |

Best GA341 score < 0.6?

¥
—)l Apply genetic algorithm operators to parents

Number of child alignments >300?
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2
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Genetic algorithm operators

Single point cross-over
T NMK——LGVFWGY...
w ISSQ—NMRKLGVEWGY——o-.. ...VEgCSQENGDLHMKV—GV...

~V—SSCN——GDLHMKVGV... g TSSONMKLGVEFWGY——

«..TSSONMK——LGVFWGY...
.. VSSCNGDLHMKV——=GV... «.VSSCN——--GDLHMKVGV...

Gap insertion
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Gap shift ..T—S—SONMKLGVFWGY...
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( Also, “two point crossover” and “gap deletion”.




Composite model assessment score

Weighted linear combination of several scores:
e Pair (Pp) and surface (Pg) statistical potentials;
e Structural compactness (Sg);

e Harmonic average distance score (Hy);

e Alignment score (Ag).

Z=0.17 Z(Pr) + 0.02 Z(Ps) + 0.10 Z(Sc) + 0.26 Z(H=) + 0.45 (As)

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



Application to a difficult modeling case
1BOV-1LTS

a —8— Top
— & Final

Sequence identity 4.4%

Initial model Co. RMSD 10.1A

Final model Coo RMSD 3.6A
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Iteration index




Benchmark with the “very difficult” test set

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

Sequence

Initial prediction

Final prediction

Best prediction

Lot identity | Coverage | Cq CE Co CE Ca CE
-template [%] [% aa RMSD | overlap = RMSD | overlap | RMSD | overlap

[A] [%] [A] [%] [Al [%]
1ATR-1ATN 13.8 94.3 19.2 20.2 18.8 20.2 17.1 24.6
1BOV-1LTS 4.4 83.5 10.1 294 3.6 79.4 3.1 92.6
1CAU-1CAU 18.8 96.7 11.7 15.6 10.0 27.4 7.6 47.4
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 3.5 57.5
1YCC-2MTA 14.5 55.1 3.4 72.4 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 41 52.4 3.1 73.0 26 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 4.4 711
2RHE-3HLA 24 96.0 8.1 16.5 7.6 9.4 6.7 43.5
3ADK-1GKY 19.5 100.0 13.8 26.6 11.5 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 141 98.6 11.3 24.0 9.3 30.6 54 41.2
6XIA-3RUB 8.7 441 10.5 14.5 10.1 11.0 9.0 34.3
9RNT-2SAR 13.1 88.5 5.8 41.7 5.1 51.2 4.8 69.0
AVERAGE 14.2 85.2 9.6 36.7 1.7 44.8 6.3 57.8




Alignment accuracy (CE overlap)

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

PSI-BLAST (sequence-profile alignment) 25%
SAM (Hidden Markov Models) 36%

MOULDER (iterative sequence-structure alignment) 45%



Structural analysis of missense mutations
in human BRCA1 BRCT domains

Nebojsa Mirkovic, Marc A. Marti-Renom, Barbara L. Weber,
Andrej Sali and Alvaro N.A. Monteiro

Cancer Research (June 2004). 64:3790-97

Cancer
Research

Cannot measure the functional impact of every
possible SNP at all positions in each protein!
Thus, prediction based on general principles of
protein structure is needed.




Human BRCA1 and its two BRCT domains

RING NLS BRCT
N— _ =
[ ] Globular regions —

mmmm Nonglobular regions 200 aa

BRCA1 BRCT repeats, 1jnx

Williams, Green, Glover. Nat.Struct.Biol. 8, 838, 2001
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Missense mutations in BRCT domains by function

cancer not cancer
associated associated ?

no transcription
activation

transcription
activation




“Decision” tree for predicting

functional impact
of genetic
variants
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Mirkovic et al., Cancer Biology
(2004) 64:3790-97

Eswar et al. Nucl.Acids Res.

Y

31, 3375, 2003.
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Putative binding site on BRCA1
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Williams et al. 2004 Nature Structure Biology. June 2004 11:519
Mirkovic et al. 2004 Cancer Research. June 2004 64:3790
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BRCT-N ' BRCT-C

Putative binding site predicted in 2003
and accepted for publication on March 2004.



Common Evolutionary Origin of Coated
Vesicles and Nuclear Pore Complexes

mGenThreader + SALIGN + MOULDER

D. Devos, S. Dokudovskaya, F. Alber, R. Williams, B.T. Chait, A. Sali, M.P. Rout.
Components of Coated Vesicles and Nuclear Pore Complexes Share a Common Molecular Architecture.
PLOS Biology 2(12):e380, 2004



yNup84 complex proteins
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All Nucleoporins in the Nup84 Complex are Predicted to
Contain B-Propeller and/or o-Solenoid Folds

Nupl45C

Sehl Secl3




NPC and Coated Vesicles Share the 3-Propeller and o-
Solenoid Folds and Associate with Membranes
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NPC and Coated Vesicles Both
Associate with Membranes

top view

Coated

Vesicle NPC model

Nup 84 complex




A Common Evolutionary Origin for
Nuclear Pore Complexes and Coated Vesicles?
The proto-coatomer hypothesis

Prokaryote Early Eukaryote = Modern Eukaryote

A simple coating module containing minimal
copies of the two conserved folds evolved in
proto-eukaryotes to bend membranes.

The progenitor of the NPC arose from a
membrane-coating module that wrapped
extensions of an early ER around the cell's
chromatin.



Take home slide...

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

NMR, x-ray

Comparative modeling
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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

structure from sparse
experimental restraints

functional relationships
from structural similarity

identifying patches of
conserved surface residues

finding functional sites by
3D motif searching
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