
DisVis and	PowerFit:	
Explorative	and	Integrative	Modeling	

of	Biomolecular	Complexes	
harvesting	EGI	GPGPU	resources

Alexandre	Bonvin
Utrecht	University



PowerFit: fast and sensitive rigid body 
fitting in lower-resolution densities

DisVis: quantification 
and visualization of the 
information content of 

distance restraints

Van	Zundert	&	Bonvin,	Bioinformatics	2015

Van	Zundert	&	Bonvin,J.	Proteome.	Res.		2015



Transmission electron 
microscopy

Sample is vitrified in 
liquid ethane

Images noisy 2D 
projections

Class averages are 
constructed for each 
orientation

Ultimately results in 
3D density maps

Cryo-electron	microscopy:
The	rising	star	in	structural	biology



Cryo-EM	data:	
“high”	resolution	modelling

• Rigid	body	fitting
– Manual	fitting	(UCSF	Chimera)

– Automatic	fitting	software	(CoLoRes,	PowerFit,	
Mod-EM)

– In	most	cases,	does	not	take	into	account	the	
flexibility	and	energetics	of	the	interface

• Flexible	fitting
– Requires	an unambiguous	fit	of	the	subunits

– Various	approaches	(e.g.	normal	modes,	flexible	
refinement	(Flex-EM))

– The	applicable	resolution	extend	is	debatable

– Overfitting is	an	issue

– Often	does	not	take	into	account	other	sources	
of	data (mutagenesis,	etc.)
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6D cross-correlation 

search

Automatic rigid body 
fitting of biomolecular 
structures in cryo-EM 
densities

Exhaustive 6D search of 
3 translational and 3 
rotational degrees of 
freedom

Calculate cross-
correlation at every 
scanned position

Issues in the field:
Sensitivity
Speed

PowerFit:	
Cross-correlation	based	rigid	body	fitting

Van	Zundert	&	Bonvin
J.	Proteome.	Res. (2015)
J.	Struct.	Biol. (2016)



Given 2 interacting structures and a set of 
distance restraints between them, are there any 

solutions that satisfy N restraints?

DisVis:	Defining	the	information	content	
and	consistency	of	distance	restraints

A solution is a complex that satisfies all N distance restraints

A complex is a conformation where:
The subunits are interacting
The subunits are not clashing

The accessible interaction space is the set of all solutions 
satisfying at least N restraints



DisVis

Distance
Restraints

fixed chain

scanning chain

accessible 
interaction space
+
restraint evaluation

6D search of 
accessible 
interaction 
space

Van	Zundert	&	Bonvin
Bioinformatics 2015

At every grid 
position, save 
the maximum 

number of 
consistent 

restraints found 
during the 6D 

search



RNA-polymerase	II:
Accessible	interaction	space

DisVis 6D systematic search with a 1Å grid size and 5.27° interval



Fast Fourier Transform 
for fast translational 

scans

GPU acceleration

Optimized rotation sets

Resampling and trimming target
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Speeding	up	the	search



GPU-acceleration

System Map	size
(voxels)

Rotations
sampled

Time
CPU

Time
GPU Speedup

GroEL-GroES 90	x	72	x	72 70728 1h	29m 4m	9s 21x

RsgA	into	
ribosome 72	x	80	x	72 70728 1h	16m 4m	2s 19x

System Number	of	
complexes	sampled

Time
CPU

Time
GPU Speedup

RNA-polymerase	II 19	× 109 19h	44m 56m 21x

PRE5-PUP2 7	× 109 7h	12m 15m 29x

Disvis

PowerFit

(in	house	GTX680	card	vs	single	core)



GRID-enabled	web	portals

http://milou.science.uu.nl/enmr/services/DISVIS/ http://milou.science.uu.nl/enmr/services/POWERFIT/



Pre-processing	
+
Input	files	
packaging

Architecture	behind	the	portals

User	DB

User	not	 found

Input	error

WEB	CLIENT WEB	SERVER MASTER	NODE WORKING	NODE

GPU-
calculation

Validation

Submission	
to	local	
nodes

Submission	
to	grid	
node

CPU-
calculation

Chimera	
image	
generation

Post-processing
+
Results	formatting

Output	files	
packaging
+
submission	of	
image	generation

OR



Software	Provisioning

indigodatacloudapps/disvis

indigodatacloudapps/powerfit

Because	of	complex	
software	dependencies	
we	use	docker containers
• Python2.7
• NumPy 1.8+
• SciPy
• FFTW3
• pyFFTW 0.10+
• OpenCL1.1+
• pyopencl
• clFFT
• gpyfft

And	to	avoid	security	
issues	on	the	grid	side,	
udocker from	INDIGO



ui-enmr.lsg.bcbr.uu.nlmilou.science.uu.nl

cegpu.cerm.unifi.it:8443/cream-pbs-batch

Grid	submission

run	files

scp

disvis.jdl
disvis.sh
input	files

glite-ce-job-submit

input 
form

Pre-processing	
+
Input	files	
packaging

run directory

GPU-
calculation

GPGPU-calculation

grid-specific	preprocessing	
and
Submission	to	grid	node

run directory

• Submission	with	robot	proxy		
• Submission	to	specific	site
(cegpu.cerm.unifi.it)

• Command:
glite-ce-job-submit -n -o XXX.id –a -r\

cegpu.cerm.unifi.it:8443/cream-pbs-batch\

disvis.jdl



JDL-File

[
executable = "disvis.sh";
inputSandbox = { "aac_3mizzqnQ/disvis.sh",

"aac_3mizzqnQ/fixed_chain.pdb",
"aac_3mizzqnQ/scanning_chain.pdb",
"aac_3mizzqnQ/restraints.txt" };

stdoutput = "disvis.out";
outputsandboxbasedesturi = "gsiftp://localhost";
stderror = "disvis.err";
outputsandbox = { "disvis.out" , "disvis.err" , "aac_3mizzqnQ.tgz"};
GPUNumber=1;

]



Executable

1
6

#!/bin/sh
driver=$(nvidia-smi | awk '/Driver Version/ {print $6}')
…
# Untar input files archive
tar xzf $jobid.tgz
…
# Get udocker from github
git clone https://github.com/indigo-dc/udocker
cd udocker
# Download docker image from indigodatacloud
./udocker.py pull indigodatacloudapps/disvis:nvdrv_$driver
rnd=$RANDOM
# Create temporary instance of docker image
./udocker.py create --name=disvis-$rnd indigodatacloudapps/disvis:nvdrv_$driver
# 
mkdir $WDIR/results_$jobid
# Run disvis within the docker image
./udocker.py run -v /dev --volume=$WDIR:/home disvis-$rnd disvis /home/$pdb_A /home/$pdb_B \

/home/restraints.txt -g -a $a -vs $vs -ir $ir -cv $cv -iv $iv $is $oa \
–d /home/results_$jobid

…
# Archive results
tar cfz $jobid.tgz results_$jobid



ui-enmr.lsg.bcbr.uu.nlmilou.science.uu.nl

cegpu.cerm.unifi.it:8443/cream-pbs-batch

Results	retrieval

results	
files

rsync

result		and	log	
files

glite-ce-job-status/
glite-ce-job-output

results 
page

Post-processing
+
Results	
formatting

results 
directory

GPU-calculation

GPGPU-calculation

job	polling	and	results	retrieval	
from	grid		GPU	node
+
status	and	result	forwarding	to	
web-server

results directory

• polling	of	status	and	retrieval	
of	results	by	cron-jobs	with	
respective	glite-ce	command

• Forwarding	of	results	to	web	
server	via	rsync



Rich	result	pages



Guided	interpretation	of	results



Some	usage	statsOperational	since	Aug.	2016

Published	Dec.	2016 Top	pulls	in	INDIGO	docker hub



Some	timing	stats



Some	timing	stats



Listed	in	EGI	applications



Conclusions

• Two	new,	user-friendly	web	portals	in	operation
• Harvest	grid	GPGPU	resources
• Complex	software	provisioning	via	Docker
• Build	on	INDIGO	udocker solution

• Current	issues
– Limited	resources	(only	one	site	in	production)
– Automatic	updates	of	nvidia drivers	on	sites	must	be	
coupled	to	automatic	update	of	docker containers

– Speed-up	depends	on	graphic	card	(might	thus	require	
code	optimization	for	new	graphic	cards).
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