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What is computational biosomething?

42 x10-10 m

X-ray structure of a protein:
set of X,y,z spatial coordinates of atoms
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Typical questions tackled with MD
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How well do small
molecules inhibit a
protein’s
functionality”?

(/

)\ Y

*‘1=’

NO,

How do proteins fold”?

many potential
compounds

How do proteins interact with each

other?
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Timescales Iin biology

Timescales Catalysis
of processes } {
| Vibration | } Ligand Binding |
Side Chain Rotation Allostery
I ! I ! >
1012 1 O'9| 10° 1073 10° 103
Seconds |
NMR Residual Dipolar Coupling
} — | |
R, Rz, NOE R, ZZ Exchange
| i | 1
I cPMG ' H-D Exchange

Molecular |
Dynamics I ................. .

Other experimental techniques: e.g. cryo EM
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Generate timeseries to compare to experiments
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200 ns of protein dynamics time trace of an angle




What is MD?

box

R + Integrator

+ Y ke(8—6p)°
angles

+ Y ke[l +cos(ng+ ¢

+ + dihedrals | — <A>ensemble — <A>time

abom i ;72

9\ + 2 Z

Physics engine usually written in C++, to integrate
Newtons equation of motion using leap frog type
algorithms.




Typical MD workflow

Download pdb

'

Prep for simulation

'

Simulation setup

.

l

Time-series analysis

pdb api pdb2gmx

Cresset suite
Schrodinger suite

Commercial

OpenMM tools
RDKkit Amber tools
[...]
GUI, TCL, bash, python, Perl ... get creative
OpenMM Python API
Gromacs

NAMD

DLPoly mostly C++
commandline
Amber SOMD
Charmm
[...]
PyEMMA  MDAnalysis md-analysis-tools
MDTraj MDAnalysis Python

MMTools [...]

TCL, bash, python, Perl ... get creative



http://ccpbiosim.org
http://siremol.org

Typical file formats
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coordinates .pdb

trajectories | .dcd

forcefields | .psf

.crd

XiC

Jparm/

.gro

qrr

Itp

XYyZ

.mol2

And of course all MD programs can read all these file

formats? — No
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Scenario: Simulate .gro file with Amber

| have a coordinate .gro (Gromacs) file | want to simulate with Amber,
how do | do this”

visualise coordinates

convert to pdb format

use a setup tool

run simulation
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Scenario: Simulate .gro file with Amber

| have a coordinate .gro (Gromacs) file | want to simulate with Amber,
how do | do this”

ppxasjsm::azuma { ~/Documents/}-> vmd dAla.gro

visualise coordinates H

Selected Molecule

|0: dAla gro ~|
| CreateRepl DeleteRepl .
Style Color Selection
Licorice Name all

Selected Atoms

|a|l

Draw style | Selections | Trajectory| Periodic |
Coloring Method Material

[Name ~| | Opaque ~|

Drawing Method

Licorice v Default |

Sphere Resolution «l { I 12 ﬂl’
Bond Radius «l { I 03 ﬂl’
Bond Resolution «l { I 12 ﬂl’

- K NeN ] VMD Main
File Molecule Graphics Display Mouse Extensions Help

ID T A D F Molecule Atoms Frames Vol
W0 T A DF dAlagro 112 1 0

or, use one of the many
other tools...

o |t

Il * - il . i
I AT !
ﬂ zoom ™ |Loop vl step 1| 1 _P| speed] i ID F B ' 2
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Scenario: Simulate .gro file with Amber

| have a coordinate .gro (Gromacs) file | want to simulate with Amber,

hOW dO I do th IS? ‘® Save Trajectory e
| save data from: |0: dAla.gro Rd | .
C
Selected atoms: || |Z| = F
File type: »
|pdb Ll Save... /-r| )
Frames: Volumetric Datasets -
| First.  Last  Stride: x
0 [0 [1 s
"
COnVGrt tO pd b fOrmat 4 | ®sSave all at once -y
¢ Save in background ~ A

or

In [7]: import MDAnalysis as md

In [8]: u = md.Universe('dAla.gro’')
coors = u.select atoms('all’)
coors.write('md analysis.pdb’)

or ....
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Scenario: Simulate .gro file with Amber

| have a coordinate .gro (Gromacs) file | want to simulate with Amber,
how do | do this?

Simple Amber Setup Workflow
(Minimization)

use a setup tool

taken from AMBER tutorial

pretty much all the arrows are bash scripts with input files

12


http://setup.in
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Scenario: Simulate .gro file with Amber

| have a coordinate .gro (Gromacs) file | want to simulate with Amber,
how do | do this”

ppxasjsm::azuma { ~/Documents/}-> FESetup setup.in

[globalsl]
forcefield = amber, ff99SBildn, tip3p

[protein]

basedir = protein
file.name = protein.pdb
molecules = ala

box.type = rectangular

box.length = 10.0

align_axes = True

neutralize = yes
use a setup tool min.nsteps = 1000

min.restr_force = 10.0
min.restraint = notsolvent

md.heat.nsteps = 1000
md.heat.restr _force = 10.0
md. heat.restraint = notsolvent

md.constT.nsteps = 1000
md.constT.restr_force = 10.0
md.constT.restraint = notsolvent

md.press.T = 298.0
md.press.nsteps = 50000
md.press.p = 1.0

13


http://setup.in
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| have a coordinate .gro (Gromacs) file | want to simulate with Amber,

how do | do this?

System Integrator

Simulation
Input coordinates input.pdb
Forcefield AMBERS9sb-ildn
u Se a S( Water Model TIP3P
Platform CUDA
Precision mixed
Device index

B B R SRR S S S SR S22
“

# this script was generated by openmm-builder. to customize it further,

# you can save the file to disk and edit it with your favorite editor.

B R R S R R R S S RS S S ST S8 8:5
“

from __future__ import print_function
from simtk.openmm import app

import simtk.openmm as mm

from simtk import unit

from sys import stdout

pdb = app.PDBFile('input.pdb')
forcefield = app.ForceField('amber99sbildn.xml’, 'tip3p.xml')

system = forcefield.createSystem(pdb.topology, nonbondedMethod=app.PME,
nonbondedCutoff=1.0*unit.nanometers, constraints=app.HBonds,

rigidiWater=True,
ewaldErrorTolerance=0.0005)

integrator = mm.LangevinIntegrator(300*unit.kelvin, 1.0/unit.picoseconds,
2.0*unit.femtoseconds)

integrator.setConstraintTolerance(@.00001)

14
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Scenario: Simulate .gro file with Amber

| have a coordinate .gro (Gromacs) file | want to simulate with Amber,
how do | do this”

And another
command line tool...

pmemd -0 -1 ala.in -p ala.parm?
—Cc ala.rst7 —-o myout.mdout -X
myout.nc —e myout.mdene -r

run simulation myout.rst?

15
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Z00 of applications leads to hacky workflows

- Most tools have organically grown from
academic software with poor software practices

- In order for tools to work with each other in
complicated worktlows a lot of hacky bash
scripting is used by academic users

- Users need to be experts in many different
software with command line interfaces to interlink
them

- Many tools can do similar things and there may not
be obvious solutions for one problem (google
trap: try suggestions until one works)

-> Loss of focus on the science

16
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The same example as before BioSimSpace

In [ ]: import BioSimSpace as BSS

Reading in the gro file as before

In [ ]: system = BSS.IO.readMolecules('input/dAla.gro')

Simply view the molecule in the notebook rather than using external tool

In [ ]: BSS.viewMolecules('input/dAla.gro')

Selecting the first and only molecule to parametrise it and then solvating it

In [ ]: molecule = system.getMolecules()[0]

In [ ]: molecule = BSS.Parameters.parameterise(molecule, 'ff99SB').getMolecule()

In [ ]: system = BSS.Solvent.solvate('tip3p', molecule=molecule,
box=3*[3*BSS.Units.Length.nanometer],ion conc=0)

17



Cloud server demo — using BioSimSpace
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@ docker run chryswoods/biosimspace

http://130.61.69.221/hub/tmplogin

http://130.61.69.221/

ORACLE
CLOUD

&
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BioSimSpace phase |
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Download pdb

l some manual prep

Prep for simulation

'

Simulation setup

'

l

Time-series analysis

&
O
©
o
),
E
7p,
.9
0

Commercially
available software

L. Hedges

|

C. Woods
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http://ccpbiosim.org
http://siremol.org
http://github.com/michellab
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API overview

Core: Sire — Molecular library in C++

e
C
e
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What is BioSimSpace — summary

System Setup

Protein Software

) Drote i
O | rotelq + ligand db2gmx
S igand in water tleap
Q. igand in organic FESetup Trajectory generation
N solvent
= MD Software
H . MC
Cg Enhanced Amber
E sampling Gromacs
Si . . OpenMM
iImulation Analysis CTMD
Perturbation e
Map pyemma
Reweighting grmx wham

pymbar

https://github.com/michellab/BioSimSpace

21
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Conclusions

- Python API to write workflow components for Biomolecular
simulations

- Allows to focus on science and not software: No need to
become an expert at different MD packages, setup or
analysis tools

- Ease of use in the cloud, with scalable computing resources
and future academic fool proof pricing model

- Planned support for Knime and CWL workflow managers

o
Q
©
o
7
E
7,
=
m

- A workflow engine

- A top down approach by trying to reinvent the wheel again

- A 'finished’ piece of software: It is very much in an alpha
development stage with a large list of features and
capabillities to be added in the future
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