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MMTSB Tool Set Overview

CHARMM application
programs

CHARMM __________..——-— MONSSTER

/ Perl
m libraries
Molecule
Perl

minAmber.pl I minCHARMM.pl / utilities
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MMTSB Tool Set Functionality

Structure manipulation and analysis
Classical modeling of biomolecules
Enhanced sampling

Multi-scale modeling

Ensemble computing

Protein structure prediction
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MMTSB Tool Set Functionality

[ Structure manipulation and analysis
> PDB file manipulation, structure subselection

> Rotation/translation, residue mutation
> RMSD, ¢/vy dihedrals, native contacts, clustering

> Trajectory analysis
[ Classical modeling of biomolecules
[0 Enhanced sampling
[0 Multi-scale modeling
[0 Ensemble computing
[0 Protein structure prediction
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MMTSB Tool Set Functionality

O Structure manipulation and analysis
[0 Classical modeling of biomolecules

> Molecular dynamics simulations, energy evaluation, minimization
> CHARMM/Amber interfaces

O Enhanced sampling

0 Multi-scale modeling

0 Ensemble computing

0 Protein structure prediction
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MMTSB Tool Set Functionality

Structure manipulation and analysis
Classical modeling of biomolecules
Enhanced sampling

> Replica exchange sampling: 1D, multidimensional
> Weighted histogram analysis (WHAM)

Multi-scale modeling
Ensemble computing
Protein structure prediction
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MMTSB Tool Set Functionality

0 Structure manipulation and analysis
[0 Classical modeling of biomolecules
O Enhanced sampling

0 Multi-scale modeling
> All-atom sampling with CHARMM and Amber
> Low-resolution sampling with MONSSTER

0 Ensemble computing
0 Protein structure prediction
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MMTSB Tool Set Functionality

O Structure manipulation and analysis
[0 Classical modeling of biomolecules
O Enhanced sampling

[0 Multi-scale modeling

0 Ensemble computing

> Minimization, energy evaluation, clustering for ensembles
> Arbitrary operations on ensemble level

O Protein structure prediction
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MMTSB Tool Set Functionality

Structure manipulation and analysis
Classical modeling of biomolecules
Multi-scale modeling

Enhanced sampling

Ensemble computing

Protein structure prediction
> sequence alignment

> secondary structure prediction

> template-based modeling

> abinitio folding
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Using the MMTSB Tool Set

O Command-line utilities

> for common applications

> easy to learn and use

0 Programming with MMTSB libraries
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Using the MMTSB Tool Set

O Command-line utilities
O Programming with MMTSB libraries

> for complex and/or specialized tasks
> requires programming experience
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Documentation/Help

-help option

Online manual pages with examples

http://mmtsb.scripps.edu/cgi-bin/tooldoc

Email support: mmtsb@scripps.edu
MMTSB Forum: http://www.charmm.org
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Command Line Utilities: Input/Output

[0 Input usually expected from file name or standard input

[1 Output usually written to standard output

[0 “-" can be used for standard input/output
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Command Line Utilities: Pipes

Solvate protein -> Minimize -> Equilibrate -> Run production
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Structure Preparation:
PDB Conversion

[0 Generate specific format

[0 Renumber residues
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Structure Preparation:
Subselection

[1 Basic selection options

[1 Expanded selection syntax
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Structure Preparation:
Orientation

[1 Center

[0 Translate

[1 Rotate

MMTSB/CTBP Summer Workshop © Michael Feig, 2006.




Structure Preparation
Residue Mutation

[1 Proteins/peptides

[0 Nucleic acids
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Structure Preparation
Solvation

[0 Add explicit water box

[0 Add counterions/additional salt
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All-atom Modeling of Biomolecules

[0 User interface to CHARMM/Amber
minCHARMM.pl, minAmber.pl
mdCHARMM.pl, mdAmber.pl
pbCHARMM. pl
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Replica Exchange Sampling
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Structural Analysis

[] Protein backbone torsions

[0 RMSD calculation
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Secondary Structure Analysis

Secondary structure identified from hydrogen bonding:

H — helical () E — extended ()

U — random coil/undefined
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Trajectory Analysis

[0 RMSD from reference vs. time
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Trajectory Analysis

[1 Radial distribution function
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SICHO Lattice Model

Kolinski & Skolnick: Proteins 32, 475 (1998)
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Protein Folding with SICHO Model

Protein A
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MMTSB and MONSSTER

MOdeling of New Structures from Secondary and TErtiary Restraints
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Model Translation

[0 Reduction: All-atom -> Lattice

[1 Reconstruction: Lattice -> All-atom
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Multi-Scale Sampling

Low Resolution

All-Atom
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Conformational Sampling Data
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Ensemble Computing

Common operations on conformational ensembles:

[0 Structural derivatives

sample -> min

[1 Collective analysis

MMTSB/CTBP Summer Workshop © Michael Feig, 2006.




Ensemble Data Structure
<> -
<P

sample.pdb
min.pdb

sample.pdb
min.pdb
sample.prop.dat
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Clustering
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Data Clustering with MMTSB

[1 Ensemble clustering

[1 Analyze clusters
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Parallel Execution

0 Parallelism within CHARMM/Amber:

parallel molecular dynamics / minimization
tightly coupled, based on MPI

1 Parallelism within MMTSB Tool Set

ensemble computing, replica exchange simulations
TCP/IP socket-based server/client architecture
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MMTSB Parallel Options:
Shared Memory Architecture

use 4 CPUs for 4 clients + server

Client 2
Client 3 on SMP architecture
Client 4
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MMTSB Parallel Options:
Distributed Environment

Server

Client 1

Client 2

Client 3

Node 3 u Client 4 I
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Host file:

/tmp/mmtsb
/tmp/mmtsb
/tmp/mmtsb

uses 4 CPUs on 3 nodes
requires rsh/ssh without password
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