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Executive	Summary	
	
This	document	aims	at	providing	an	initial	list	of	potential	business-exploitable	assets	that	
will	be	further	developed	throughout	the	BioExcel	project.	We	define	a	business-exploitable	
asset	as	any	value	proposition	of	a	sellable	or	marketable	service	or	product	by	the	company	
to	be	founded.	We	define	three	main	categories	of	assets:	(i)	workflows,	(ii)	training,	and	(iii)	
solutions	 (packages),	 and	provide	details	 for	each	of	 them.	Molecular	modelling	solutions	
combine	the	workflows	and	training	assets	as	solutions	or	packages	that	can	be	adapted	to	
the	needs	of	the	client.	The	business-exploitable	assets	described	in	this	deliverable	will	be	
updated	at	 least	 every	 six	months	and	 they	will	be	prioritized	 in	 later	deliverables	 (D5.4	
Preliminary	Business	Plan	available	at	PM18	and	D5.5	Final	Business	Plan	at	PM30).	
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Introduction  
	
This	document	aims	at	providing	an	initial	list	of	potential	business-exploitable	assets	that	
will	 be	 further	 developed	 throughout	 the	 project.	 In	 the	 context	 of	 BioExcel,	 a	 business-
exploitable	asset	defines	any	value	proposition	of	a	sellable	or	marketable	service	or	product	
by	the	company	to	be	founded.	

1. History of Business-Exploitable Assets in BioExcel-1  
	
In	the	first	phase	of	the	BioExcel	project	that	ended	in	2018,	assets	were	defined	in	a	very	
broad	sense,	and	were	not	only	related	to	business	matters.		
	
In	 the	 Governance	 and	 Business	 Plan	 of	 BioExcel-1	 (deliverable	 “D5.4	 -	 Governance	 and	
Business	Plan”),	 the	people	contributing	 to	 the	project	are	the	most	valuable	assets.	The	
continued	high-quality	work	 of	 the	 software	 developers	 and	 scientific	 experts	 is	 ensured	
through	competitive	salaries	and	stable	jobs.		
	
The	open-source	software	 supported	mostly	 by	 public	 funding	 is	 another	 type	 of	 asset,	
which	 is	 licensed	to	protect	 the	rights	of	users	and	contributors	working	within	the	open	
access	 model,	 which	 is	 common	 in	 the	 research	 and	 wider	 Open	 Source	 developer	
community.	GROMACS	is	free	software	available	under	the	GNU	Lesser	General	Public	(GLGP)	
license,	version	2.1.	HADDOCK	can	be	obtained	for	non-commercial	users	free	of	charge	by	
completing	 and	 emailing	 the	 license	 agreement	 form.	 The	 new	 3.0	 version	 of	 HADDOCK	
currently	 developed	 under	 BioExcel	 will	 be	 made	 free	 available	 under	 similar	 licensing	
conditions	as	GROMACS.	
	
This	means	that	the	software	codes	are	not	“owned”	by	BioExcel	or	its	partners,	but	that	
they	 can	 be	 used	 to	 engineer	 building	 blocks	 ready	 for	 assembly	 into	 commercial	
workflow	 applications.	 It	 was	 anticipated	 that	 the	 successful	 development	 of	 the	 web	
server	GUI	and	the	Java	node	(building	block)	assets	will	constitute	new	IP	that	will	have	to	
be	protected	through	proper	licenses	and	copyright	during	the	current	phase	of	BioExcel.	The	
aspects	 related	 to	 IP	will	be	 covered	 in	 the	 IPR	Management	 task	and	be	 included	 in	 the	
business	plan	of	the	current	phase	of	BioExcel	(D5.4	Preliminary	Business	Plan	available	at	
PM18	and	D5.5	Final	Business	Plan	at	PM30).	
	
Yet	another	asset	is	the	goodwill	asset,	i.e.	the	BioExcel	brand,	which	is	based	on	the	positive	
reputation	gained	among	the	molecular	modelling	community.			
	
Industrial	 users	 spotted	 consultancy	 support	 as	 one	 of	 the	most	 interesting	 assets	 and	
identified	workflows	as	a	 sustainable	activity	 (deliverable	 “D3.6	 -	Consultancy	Support	
Proposals”).	

2. The Three New Asset Categories  
	
In	the	current	phase	of	BioExcel,	we	define	a	further	set	of	(business)	assets	as	sellable	
or	 marketable	 value	 propositions	 and	 divide	 them	 into	 three	 main	 categories:	 (i)	
workflows,	(ii)	training,	and	(iii)	solutions	(packages).	In	other	words,	a	business	asset	
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is	 thus	 a	 service	 or	 product	 that	 clients	 are	 able	 and	willing	 to	 purchase.	 It	 is	 therefore	
essential	to	prove	that	there	is	a	real	demand	for	a	BioExcel	solution	to	a	molecular	modeling	
task	as	compared	to	the	competitors,	and	that	the	people	involved	in	BioExcel	are	and	will	be	
able	to	deliver	it.		

i) Workflow assets 
	
Potential	 workflow	 assets	 (Table	 1)	 include	 existing	 use	 case-based	 workflows	 and	
different	subtasks	of	these,	customized	workflows	based	on	specific	customer	demands,	
and	pipelining	of	basic	building	blocks.		
	
The	use	cases	have	been	defined	in	the	deliverable	“D3.1	-	Use	Case	Work	Plans”	and	include:	
● Use	case	1:	Antibody	design	
● Use	case	2:	High-throughput	modelling	of	human	interactome	
● Use	case	3:	Rational	drug	design	
● Use	case	4:	Electronic	interaction	phenomena	

	
Each	of	these	building	blocks	can	carry	out	a	simple	task.	For	different	molecular	modelling	
tasks,	different	building	blocks	are	being	connected	to	yield	task-specific	workflows.	While	
many	 building	 blocks	 can	 be	 “re-shuffled”	 to	 yield	 new	 workflows,	 some	 do	 need	 to	 be	
assembled	 in	 a	 given	manner	 to	make	 sure	 that	 the	 results	 are	 scientifically	 sound.	 It	 is	
planned	 to	 compare	 any	 of	what	 has	 been	 done	 in	 BioExcel	 to	 competitor	 products,	 e.g.	
KNIME	workflows	at	Schrödinger.	
	
Several	measures	have	been	taken	to	 improve	the	user	experience.	 	We	do	have	a	 fully	
interoperable	software	library	to	build	biomolecular	workflows,	which	is	multi-platform	and	
workflow	manager	agnostic.	As	of	 June	2019,	our	service	and	product	offerings	 include	a	
KNIME	 Analytics	 Platform	 GUI,	 a	 Web	 Server	 GUI	 for	 fixed	 workflows,	 and	 High	
Performance	Computing	 (HPC)	 as	 a	 service	 (advertised	 at	 the	 Focus	Group	meeting	 in	
Barcelona,	developed	by	IRB,	BSC,	and	NBD).	
	
A	variety	of	solutions	are	being	developed	within	BioExcel	to	boost	usability,	interoperability,	
and	reproducibility:		

	
● Common	Workflow	Language	(CWL):	for	description,	specification,	and	provenance	
● Containers:	for	reproducible	executions	
● Hardware-specific	packaging:	to	improve	usability	
● KNIME,	 Galaxy,	 and	 HPC	 to	 enable	 scalable	 execution	 from	 graphical	 workflow	

managers	
	
Depending	 on	 their	 needs,	 industry	 users	 could	 for	 example	 choose	 between	 having	 a	
container-	 or	 a	 graphical	 workflow	 manager-based	 solution.	 Many	 computer-aided	 drug	
design	groups	in	industry	do	already	use	a	graphical	workflow	manager	such	as	KNIME	for	
their	daily	tasks,	which	would	raise	the	acceptance	for	such	a	solution.	
	

ii) Training assets 
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Assets	 related	 to	 training	 (Table	2)	 could	 involve	 several	 service	modalities.	A	 customer	
could	choose	from	different	training	options,	listed	here	in	order	of	increasing	preparation	
effort:	virtual,	face-to-face	trainings	or	consultancy.	
	
Currently,	training	offerings	exist	as	modules	or	courses,	with	courses	being	combinations	
of	different	modules.	Modules	should	always	be	presented	in	a	way	that	makes	sense	for	a	
given	 training	 modality.	 For	 example,	 the	 extensive	 course	 on	 HPC	 computing	 has	 been	
broken	down	into	separate	modules	 for	virtual	 training.	Collaborative	modules	between	a	
BioExcel	partner	and	local	workshop	organizers	do	also	exist	(e.g.	for	HADDOCK).	

It	is	important	for	the	future	of	BioExcel	and	the	BioExcel	enterprise	to	define	a	commercial	
pricing	range	for	e.g.	a	half-day	or	a	one-day	training.	The	question	to	be	addressed	is:	What	
price	range	would	industrial	or	academic	users	be	willing	to	pay	compared	to	competitors	in	
the	market?	The	pricing	should	be	set	consistently,	with	a	fixed	price	for	standard	modules	
and	 additional	 payment	 for	 customized	 training	 solutions.	 Trainings	 requiring	 the	
intervention	of	experts	will	be	more	expensive	than	training	delivered	by	less	experienced	
technicians.	For	example,	EMBL-EBI	has	delivered	“standard”	commercial	training	on	“Train-
the-trainers”	for	a	rate	of	1600	EUR/day.	An	example	of	customized	training	requested	by	
EMBL-EBI	is	the	FitSM	training	at	1600	EUR	per	day	for	a	maximum	of	15	participants:	The	
foundation	training	lasts	1	day	and	the	advanced	one	2	days.	Furthermore,	there	is	a	related	
workshop	at	the	same	price	per	day	in	the	style	of	a	knowledge	exchange/hackathon	event.	
In	addition,	there	is	an	exam	fee	of	80	EUR	per	participant.	A	discount	for	multiple	events	is	
given.	Further	ideas	on	training	pricing	could	be	obtained	from	the	FitSM	website.	

Regarding	Intellectual	property	rights	(IPR),	the	software	codes	used	within	the	framework	
of	BioExcel	are	not	“owned”	by	BioExcel	and	although	many	training	modules	are	focused	on	
BioExcel	 tools,	 some	 are	 not	 limited	 to	 these	 only.	 Besides,	 each	 BioExcel	 partner	
institution	may	 use	 own	 licenses	 under	 which	 training	material	 is	 released	 but	 we	
encourage	the	usage	of	permissive	Creative	Commons.	E.g.	EMBL-EBI	typically	uses	CC	by	SA	
4.0.	

iii) Solutions or packages as assets 
	
The	third	category	of	assets,	called	solutions	or	packages,	is	the	broadest	category:	It	allows	
for	a	whole	spectrum	of	workflow	and	training	combinations,	together	with	additional	
services	such	as	installation	or	assistance	with	exascale	computing.	Exascale	computing	
refers	to	computing	systems	capable	of	at	least	1018	calculations	per	second.	In	the	case	of	
BioExcel,	it	may	involve	Parallel	Computational	Workflows	in	Python	(PyCOMPSs).		
	
The	spectrum	of	this	category	of	assets	ranges	from	a	one-time	training	of	future	users	to	a	
large	 project	 for	 a	 client	 that	 includes	 installation,	 provision	 of	 customized	 workflows,	
training,	and	long-term	consultancy	(e.g.	technical	support	from	a	field	specialist	or	scientific	
support	from	an	application	scientist).	
	
Appropriate	measures	will	be	taken	to	prevent	security,	confidentiality	and	privacy	issues	
associated	 with	 running	 Software	 as	 a	 Service	 (SaaS)	 solutions.	 These	 points	 will	 be	
addressed	in	more	detail	in	the	business	model	or	business	plan.		
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New	users	of	the	BioExcel	tools	who	do	not	work	on	confidential	data	can	use	several	useful	
services	 and	 documents	 already	 available	 on	 the	 BioExcel	 website	 as	 a	 complement	 to	
customized	solutions:		
	

• Training	
• The	Knowledge	Resource	Center	
• Webinars	
• Support	forums	
• A	chat	channel	
• A	cloud	portal	

	
White	papers	do	also	exist	(BioExcel	white	paper	on	scientific	software	development;	Naden	
LN,	Ellis	S,	and	Jha	S	(2019)).	Different	tutorials	on	BioExcel	tools	are	already	available	on-
line	in	the	Knowledge	Resource	Center:		

	
• Structural	Bioinformatics	&	Modelling:	

o Homology	modelling	
o Molecular	Dynamics	
o Docking	

• HADDOCK	CASP-CAPRI	T70	ab-initio	docking	tutorial	
• Demonstration	of	the	WeNMR	HADDOCK	webportal	
• CPMD	tutorial	
• Best	bang	for	your	buck:	GPU	nodes	for	GROMACS	biomolecular	simulations	
• Druggable	Systems	
• KNIME	Text	Mining	Training	
• KNIME	Server	Training,	etc.	

	
Newer	ones	will	be	continuously	added,	e.g.	recent	tutorials	from	the	Bonvin	lab:	

	
• HADDOCK	Tutorials	for	version	2.4	
• HADDOCK	Tutorials	for	version	2.2	
• 2018	BioExcel	summerschool	metadynamics	/	HADDOCK	/	CPMD	tutorials	
• 2019	BioExcel	summerschool	metadynamics	/	HADDOCK	tutorial	

3. Detailed workflow assets 
	
Table	1	shows	the	workflow	business	assets	for	BioExcel	as	they	have	been	defined	for	this	
first	deliverable.	This	Table	features	the	following	categories	for	characterizing	each	asset:	
Use	 case	provenance,	name	of	product/service	package,	description,	responsible	BioExcel	
partner(s),	IPR	situation,	status	of	production,	potential	target	clients/sectors,	and	proof-of-
demand.	 The	 production	 status	 of	 each	 asset	 is	 defined	 by	 the	TRLs,	 i.e.	 the	 Technology-
Readiness	Levels,	ranging	from	1	(basic	principles	observed)	to	9	(operational	in	a	relevant	
environment),	 as	 defined	 in	 annex	 G	 of	 the	 current	 H2020	 framework	 programme.	
Importantly,	the	TRLs	are	only	rough	estimates	at	this	stage	of	the	project.	Currently,	
most	of	the	workflow	assets	are	at	a	TRL	of	about	3	(i.e.	at	the	proof	of	concept	stage,	see	
Table	1),	while	a	viable	commercial	product	or	service	would	require	a	TRL	of	7	to	9	(proven	
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in	operational	 environment).	Based	on	 the	TRL	assessment,	a	 large	gap	will	have	 to	be	
closed	to	reach	commercializable	workflows.		
	
To	 date,	 the	 two	most	 advanced	workflow	assets	 are	 at	 an	 estimated	 TRL	 of	 5	 to	 6	
(validated	 or	 demonstrated	 in	 a	 relevant	 environment).	 Both	 can	 be	 used	 for	 virtual	
screening	purposes	to	obtain	virtual	small	molecule	hits	for	either	a	wild-type	or	a	mutant	
protein.	They	include	the	following	main	steps:	molecular	dynamics	of	the	apo	protein	using	
GROMACS,	 clustering	 of	 the	 obtained	 conformations,	 and	 large-scale	 docking	 of	 small	
molecules	using	Autodock	on	the	MD-generated	ensemble.	
	
Workflow	assets	at	estimated	TRLs	of	3	cover	the	fields	of	antibody	or	enzyme	engineering,	
the	study	of	the	human	interactome,	lead	optimization	of	small	molecules	or	peptides,	the	
discovery	and	optimization	of	protein-protein	interaction	inhibitors,	the	design	of	“function-
recovery”	drugs	for	tumor	suppressors,	the	development	of	a	scoring	function	tailored	to	a	
particular	 protein	 target,	 the	 optimization	 of	 fluorescent	 proteins,	 and	 the	 study	 proton	
dynamics.	
For	each	workflow	asset,	comparable	commercial	competitor	products	or	services	have	been	
listed,	as	they	provide	evidence	for	demand.	For	example,	other	solutions	for	carrying	out	
virtual	 screening	 make	 use	 of	 different	 docking	 programs	 and	 workflow	 managers.	 A	
combination	of	products	from	BioExcel’s	competitors	is	also	possible,	e.g.	Schrödinger’s	Glide	
docking	program	used	via	a	customized	building	block	in	a	Pipeline	Pilot	(Biovia/Dassault	
Systèmes)	workflow.	At	a	 later	stage	of	the	BioExcel	project,	a	price	 for	each	asset	will	be	
defined	and	shared	in	confidence	with	the	contracting	authority	only.	
	
The	 Table	 containing	 the	 workflow	 assets	 will	 be	 continuously	 updated	 throughout	 the	
project	 and	an	up-to-date	version	can	be	 found	here	 (Google	document).	These	workflow	
assets	will	have	to	be	prioritized	in	a	later	deliverable.		

4. Detailed training assets 
	
Table	2	shows	BioExcel’s	training	assets	as	they	have	been	defined	for	this	first	deliverable.	
Note	that	only	training	courses	that	have	already	been	delivered	or	will	be	delivered	
soon	(within	the	next	year)	are	included	here.	Trainings	will	be	detailed	in	the	Training	Plan	
(D4.2,	due	in	PM12).	All	training	modules	should	be	updated	at	least	once	yearly.	
	
The	number	of	applicants	for	courses	that	have	already	been	run	can	be	taken	as	a	proof-of-
demand.	For	the	BioExcel	summer	schools,	we	had	66	applicants	in	2018	and	50	in	2019.	For	
both	PRACE	seasonal	schools	in	2017	and	2019,	we	had	65	registrations.	For	the	hands-on	
introduction	 to	HPC	 for	Life	 Scientists	 in	 2017,	 there	were	 28	 applicants.	 The	 number	 of	
registrations	for	similar	courses	was	in	the	same	range.	In	contrast,	demand	for	train-the-
trainer	will	be	much	lower	as	this	is	a	very	tailored	course.	Both	ELIXIR	and	EMBL-EBI	run	
such	programmes	for	nodes	and	staff.	
	
Contrarily	to	the	workflow	assets,	most	available	training	assets	have	already	reached	a	
technology-readiness	level	(TRL)	of	7	to	9	(TRL	7:	Training	prototype	demonstration	in	
an	operational	environment;	TRL	8:	Training	complete	and	qualified;	TRL	9:	Actual	training	
proven	 in	 operational	 environment).	 An	 exception	 is	 CP2K,	 which	 has	 been	 newly	
incorporated	in	2019.	So	far,	CP2K	is	not	widely	used	in	industry:	HG	insights	lists	72	entities	
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with	users	of	CP2K,	out	of	which	38	are	in	the	educational	sector.	Its	TLR	is	estimated	to	be	2	
for	 now,	 meaning	 that	 a	 technology	 concept	 for	 teaching	 has	 been	 formulated.	 A	 demo	
version	of	CP2K	has	been	presented	at	the	BioExcel	Summer	School	2019.	The	online	CP2K	
tutorial	on	QM/MM	calculations	for	biomolecular	simulations	should	be	working	correctly	
soon.	Given	the	low	TRL,	CP2K	should	be	given	low	priority	as	a	business-exploitable	asset	
for	now.	
	
The	 following	BioExcel	 tools	were	covered	with	tutorials	at	 the	BioExcel	Summer	School	
2019:	pmx,	 GROMACS	 and	 HADDOCK.	 The	 PRACE/BioExcel	 Seasonal	 School	 2019	 also	
includes	GROMACS	hands-on	sessions.	
	
In	addition,	the	following	GROMACS	topics	were	presented	externally	by	giving	talks	and	via	
Jupyter	notebooks:		

● Replica-exchange	molecular-dynamics	with	alanine	dipeptide	
● Markov	State	Modeling	with	alanine	dipeptide	
● Accelerated	sampling	simulation	of	DNA	base	pair	opening	
● Solvation	free	energy	calculations	
● A	quick	guide	to	umbrella	sampling	with	GROMACS	

	
Over	 the	 next	 month,	 the	 above	 GROMACS	 training	 modules	 will	 be	 consolidated.	
Eventually,	 internal	 tutorial	 notebooks	 on	 setting	 up	membrane	 simulations	will	 also	 be	
incorporated.	
	
Note	that	revision	of	these	GROMACS	training	modules	are	necessary	at	each	release	of	a	new	
GROMACS	version.	Updates	must	be	done	according	to	the	local	compute	resources	in	which	
GROMACS	will	be	run.		
	
Trainings	on	BioExcel	workflows	will	be	an	important	complement	to	the	workflow	assets.	
So	 far,	 training	 has	 already	 been	 delivered	 to	 industry	 users	 for	 HADDOCK	 at	 UCB	 and	
Janssen,	 and	 a	 collaboration	 with	 Janssen	 on	 PMX	 exists.	 Trainings	 on	 a	 wider	 range	 of	
workflows	are	likely	to	be	designed	at	a	later	stage	of	the	project.		
	
The	training	asset	Table	will	be	continuously	updated	throughout	the	project	and	an	up-to-
date	version	can	be	found	here	(Google	document).	As	for	the	workflow	assets,	all	training	
assets	will	also	have	to	be	prioritized	in	a	later	deliverable.	

5. Shaping molecular modelling solutions (packages) 
	
Designing	packages	that	meet	and	exceed	the	expectations	of	potential	industrial	clients	is	
crucial	for	building	trust	with	potential	industry	customers.	To	stay	realistic	in	this	endeavor,	
feedback	will	be	gathered	from	the	industrial	and	scientific	advisory	board.	In	addition,	we	
are	gathering	user	needs	and	market	analysis	through	surveys,	focus	groups,	and	site	visits.	
To	 understand	 viable	 (software)	 products	 and	 services	 in	 the	 busy	molecular	modelling	
market,	questions	like	the	following	ones	should	be	asked:	
	
● What	kind	of	package	would	a	client	be	willing	to	buy	from	BioExcel	enterprise?	
● What	makes	BioExcel	software	and	services	unique	with	respect	to	the	competitors?	
● How	do	similar	companies	position	their	products	in	the	molecular	modelling	market?	
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6. Future Perspective 
	
The	present	document	is	a	live	document	that	will	be	updated	on	a	regular	basis	at	least	every	
six	 months.	 Further	 ideas	 on	 business	 assets,	 and	 industry-relevant	 packages	 that	 are	 a	
combination	 of	workflows	 and	 training	 are	 expected	 to	 come	 from	 industry	 interactions	
(collaborations,	strategic	partnerships,	matchmaking	alliances	between	consortia,	site	visits,	
interest	group	or	focus	group	meetings	for	both	large	companies	and	SMEs,	workshops	and	
training	 courses,	 conferences,	 software	 management	 collective,	 market	 surveys,	 etc.).	 To	
complement	the	catalogue	of	business	assets	presented	here,	 financially	sustainable	asset	
combinations	will	be	discussed	 in	a	business	model	(5.3	Business	Model	Design	Report	at	
PM12)	or	business	plan	(D5.4	Preliminary	Business	Plan	available	at	PM18	and	D5.5	Final	
Business	Plan	at	PM30).



	
	

Tables 
	
Table	1:	Workflow-related	business	assets.	Different	 categories	 characterize	 each	asset:	Use	
case	 provenance,	 name	 of	 product/service	 package,	 description,	 responsible	 BioExcel	
partner(s),	 IPR	 situation,	 status	 of	 production,	potential	 target	 clients/sectors,	 and	 proof	 of	
demand.	 The	 TRL	 levels	 are	 defined	 as	 follows:	 TRL	 1:	 Basic	 principles	 observed;	 TRL	 2:	
Technology	 concept	 formulated;	 TRL	 3:	 Experimental	 proof	 of	 concept;	 TRL	 4:	 Technology	
validated	 in	 lab;	 TRL	 5:	 Technology	 validated	 in	 relevant	 environment;	 TRL	 6:	 Technology	
demonstrated	 in	 relevant	 environment;	 TRL	 7:	 System	 prototype	 demonstration	 in	 an	
operational	environment;	TRL	8:	System	complete	and	qualified;	TRL	9:	Actual	system	proven	
in	operational	environment.	
	
Adapte

d	from	

which	

use	

case?	

Tag(s)	

Asset	Name	

of	product	/	

service	

package	

Description	of	asset	
Responsibl

e	partners	

Owner	

of	

Intellect

ual	

Propert

y	

Status	of	

productio

n	(TRL	

levels)	

Potentia

l	target	

clients	/	

sectors	

Evidence	for	

demand	
Link	or	description	

UC1	
Antibody	
engineering	

Prediction	of	
epitopes	on	
antigens	

Modelling	of	antibody-
antigen	interaction	
with	Haddock	

UU	

Haddock	
depends	
upon	
CNS	

3	
Pharma,	
agro	

BIOVIA	
Discovery	Studio	

(Dassault)	

https://www.3dsbiovia.com/products/collaborative-science/biovia-
discovery-studio/antibody-modeling.html	

MOE	(CCG)	

Antibody	design	module:	Structure-based	protein	engineering;	assess	
liabilities	and	developability;	optimize	affinity,	stability,	and	solubility;	
high-throughput	antibody	modeling;	generate	virtual	libraries;	protein	

docking	and	epitope	mapping;	model	ADCs	and	fusion	proteins	
Bioluminate	
(Schrödinger)	

https://www.schrodinger.com/products/bioluminate	

UC1	
Antibody	
engineering	

Improve	
antibody	
structures	

Exhaustive	sampling	of	
alternative	

conformations	
(GROMACS),	

clustering,	and	quality	
check	

KTH	 	 3	
Pharma,	
agro	

BIOVIA	
Discovery	Studio	

(Dassault)	

https://www.3dsbiovia.com/products/collaborative-science/biovia-
discovery-studio/antibody-modeling.html	

MOE	(CCG)	

Antibody	design	module:	Structure-based	protein	engineering;	assess	
liabilities	and	developability;	optimize	affinity,	stability,	and	solubility;	
high-throughput	antibody	modeling;	generate	virtual	libraries;	protein	

docking	and	epitope	mapping;	model	ADCs	and	fusion	proteins	
Bioluminate	
(Schrödinger)	

https://www.schrodinger.com/products/bioluminate	
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UC1	
Antibody	
engineering	

Improve	
binding	
affinity	of	
CDRs	

Modeling	of	antigen	
interactions	

(Haddock),	exhaustive	
antibody	sampling	
(GROMACS),	and	free	
energy	calculations	

(pmx)	

UU,	KTH	&	
MPG	

Haddock	
depends	
upon	
CNS	

3	
Pharma,	
agro	

BIOVIA	
Discovery	Studio	

(Dassault)	

https://www.3dsbiovia.com/products/collaborative-science/biovia-
discovery-studio/antibody-modeling.html	

MOE	(CCG)	

Antibody	design	module:	Structure-based	protein	engineering;	assess	
liabilities	and	developability;	optimize	affinity,	stability,	and	solubility;	
high-throughput	antibody	modeling;	generate	virtual	libraries;	protein	

docking	and	epitope	mapping;	model	ADCs	and	fusion	proteins	
Bioluminate	
(Schrödinger)	

https://www.schrodinger.com/products/bioluminate	

UC2	
Human	

interactome	

Pathway-
specific	

interactome	

Protein-protein	
docking	(Haddock),	
molecular	dynamics	

(GROMACS),	
interaction	scoring	

(Haddock)	

UU	 	 3	
Pharma,	
agro,	
food	

Protein-Protein	
docking	in	MOE	

(CCG)	

http://www.ccl.net/chemistry/resources/messages/2015/12/22.002
-dir/index.html	

UC3	
Virtual	
screening	

Wild-type	
specific	
small	

molecules	

Molecular	dynamics	of	
wild-type	protein	
(GROMACS),	

clustering,	large-scale	
docking	of	small	

molecules	(Autodock)	

IRB	&	NBD	 	 5	to	6	
Pharma,	
agro	

Glide	
(Schrödinger)	+	
Pipeline	Pilot	

(Biovia/Dassault
)	

https://www.schrodinger.com/glide	

UC3	
Virtual	
screening	

Mutant-
specific	
small	

molecules	

Molecular	dynamics	of	
wild-type	and	mutant	
protein	(GROMACS),	
clustering,	large-scale	
docking	of	small	

molecules	(Autodock)	

IRB	&	NBD	 	 5	to	6	
Pharma,	
agro	

Glide	
(Schrödinger)	+	
Pipeline	Pilot	

(Biovia/Dassault
)	

https://www.schrodinger.com/glide	

UC3	

Virtual	
screening;	
lead	

optimization	

Selectivity	

Molecular	dynamics	of	
a	whole	protein	family	

(GROMACS),	
clustering,	docking	of	
active	small	molecule	
hits	of	a	chemical	

series	(Autodock);	free	
energy	calculations	

(pmx)	

IRB,	MPG	&	
NBD	

	 3	
Pharma,	
agro	

FEP+	
(Schrödinger)	

https://www.schrodinger.com/fep	

UC1	
Enzyme	

engineering	
Enzyme	

engineering	

pmx	and	GROMACS	to	
predict	free	energy	
changes	upon	enzyme	

mutation	

UU	&	MPG	 	 3	
agro,	
food	

FEP+	
(Schrödinger)	

https://www.schrodinger.com/fep	

UC1	
Protein-
protein	

interactions	

Protein-
protein	

interactions	

Conformational	
sampling	of	each	
protein	separately	

(GROMACS),	followed	
by	docking	and	scoring	

(Haddock)	

UU	 	 3	
pharma,	
agro	

Protein-Protein	
docking	in	MOE	

(CCG)	

http://www.ccl.net/chemistry/resources/messages/2015/12/22.002
-dir/index.html	
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UC1	+	
UC3	

Protein-
protein	

interactions;	
virtual	

screening	

Discovery	of	
protein-
protein	

interaction	
inhibitors	

Conformational	
sampling	(GROMACS),	

protein-protein	
docking	(Haddock),	

small	molecule	docking	
(Autodock)	

UU,	IRB	&	
NBD	

	 3	
pharma,	
agro	

Protein-Protein	
docking	in	MOE	
(CCG);	Glide	
(Schrödinger)	

http://www.ccl.net/chemistry/resources/messages/2015/12/22.002
-dir/index.html;	http://www.schrodinger.com/glide	

UC3	

Protein-
protein	

interactions;	
optimization	

Optimizatio
n	of	protein-
protein	

interaction	
inhibitors	

Optimization	of	a	small	
molecule	hit	via	free	
energy	calculations	
(pmx	and	GROMACS)	

IRB,	MPG	&	
NBD	

	 3	
pharma,	
agro	

FEP+	
(Schrödinger)	

https://www.schrodinger.com/fep	

UC3	
Small	

molecules;	
optimization	

Lead	
optimization	

free	energy	
calculations	(pmx	and	

GROMACS)	in	
congeneric	series	of	
small	molecules	

IRB,	MPG	&	
NBD	

	 3	
pharma,	
agro	

FEP+	
(Schrödinger)	

https://www.schrodinger.com/fep	

UC3	
Small	

molecules;	
optimization	

R-group	
addition	

Dynamic	R-group	
addition	(QM,	
Autodock,	pmx,	
GROMACS)	

IRB,	MPG	&	
NBD	

	 3	
pharma,	
agro	

R-group	addition	
tools	exist	for	
MOE	and	

Schrödinger,	but	
they	lack	the	

dynamic	feature	

https://www.schrodinger.com/newsletters/ask-scripts-expert-6	

UC4	
Proton	
dynamics	

Proton	
dynamics	

Massive	parallel	
QM/MM	calculations	

(CPK2,	pmx)	
FZJ	 	 3	 academia	

QM/MM	
calculations	are	
usually	not	done	
massively	in	
parallel	

	

UC4	

Fluorescent	
protein;	

optimization
;	imaging	

Fluorescent	
proteins	

Massive	parallel	
QM/MM	calculations	

(CPK2,	pmx):	
prediction	of	mutation	
effect	on	protein	

stability,	
oligomerization,	
absorption	and	

fluorescence	spectra,	
quantum	yields	of	

fluorescence/switchin
g	

JYU	 	 3	
academia	
and	

pharma	

QM/MM	
calculations	are	
usually	not	done	
massively	in	
parallel	

	

UC3	
Tumor	

suppressors	

Design	
"function-
recovery"	
drugs	

Conformational	
sampling	(GROMACS),	
ensemble	docking	of	

drugs	in	the	
Pharmacopeia	
(Autodock),	

comparison	with	
phenotypic	data		

IRB	&	NBD	 	 3	 pharma	

Ensemble	
docking	for	
Pharmacopeia	
and	automatic	
comparison	with	
phenotypic	data	

are	novel	
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UC3	
Machine	
learning	

Target-
tailored	
scoring	
function	

Docking/QM	+	
machine	learning	to	
improve	scoring	

functions	

IRB	&	NBD	 	 2	
pharma,	
agro	

Chemscore	
(kinase-tailored	
scoring	function	

in	Glide,	
Schrödinger)	

	

	
	
Table	2:	Training-related	business	assets.	
	

Asset	

Name	
Asset	Description	 Tools	covered	

Contact,	

Partner(s)	
Format	

Module	

length	
URL	

Effort	for	

having	

module	

ready	

Estimate	of	

compute	

resources	

needed	

High	

priority	

module?	

Train	the	
trainer	
course	

This	course	provides	practical	tips	and	guidance	for	the	
development	and	delivery	of	training,	whilst	also	looking	at	
what	motivates	people	to	learn,	how	to	encourage	trainees,	
keep	them	motivated	and	enrich	the	learning	experience.	

n/a	
Vera	
Matser,	
EMBL-EBI	

F2F	 2	days	 n/a	 none	 None	 yes	

Hands-on	
Intro	to	
HPC	for	Life	
Scientists	

This	course	introduces	HPC	to	life	science	researchers,	
focusing	on	aspects	that	are	most	important	for	those	new	to	
this	technology	to	understand.	It	will	help	you	judge	how	HPC	
can	best	benefit	your	research,	and	equip	you	to	go	on	to	
successfully	and	efficiently	make	use	of	HPC	facilities	in	
future.	The	course	will	cover	basic	concepts	in	HPC	hardware,	
software,	user	environments,	filesystems,	and	programming	
models.	It	also	provides	an	opportunity	to	gain	hands-on	
practical	experience	and	assistance	using	an	HPC	system	
through	examples	drawn	from	the	life	sciences,	such	as	
biomolecular	simulation.	

Bash	command	
line,	PBS	batch	
system,	C	
compiler,	aprun	
(parallel	
application	
launcher).	One	
exercise	uses	
NAMD,	another	
uses	HMMER	
(sequence	
alignment).	

Arno	
Proeme,	
EPCC	

F2F	(online	
version	of	
parts	of	this	
are	planned	
to	be	
developed)	

2.5	days	 	

A	few	hours	to	
set	up	
accounts	if	
using	
ARCHER.	A	bit	
more	for	
another		

Not	many	CPU	
hours,	but	
exercises	
benefit	from	
being	able	to	
explore	
scalability	to	
at	least	10	
nodes	(~240	
cores).	

yes	
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Course	on	
integrative	
modelling	
of	
biomolecul
ar	
complexes	

This	course	covers	the	integrative	modelling	of	biomolecular	
complexes	from	a	variety	of	experimental	and	bioinformatics	
data.	It	introduces	general	aspects	of	docking	then	focuses	on	
the	information-driven	docking	approach	HADDOCK	and	its	
application	to	a	variety	of	problems.	The	exact	content	can	be	
adapted	to	the	interest	of	the	audience	to	cover	specific	topics	
such	as:	the	modelling	of	multi-component	complexes,	large	
conformational	changes,	various	types	of	interactions	
(protein-protein,	protein-nucleic	acids,	protein-peptides,	
protein-small	molecules),	the	prediction	of	binding	affinity...	
The	course	is	given	as	a	series	of	lectures,	combined	with	
hands-on	computer	practicals	that	can	be	put	together	from	
the	various	tutorial	modules	(see	below).	

	
Alexandre	
Bonvin,	UU	

F2F	

from	1	to	3	
days	
depending	
on	the	
practical	
modules	

For	the	practical	
modules	see	
http://bonvinlab.
org/education	

none	

Makes	use	of	
our	web	
portals	and	
the	associated	
compute	
resources	

yes	

HADDOCK	
protein-
protein	
docking	-	
web-portal	
basics	

This	tutorial	illustrates	the	use	of	the	HADDOCK	web	portal	to	
model	a	protein-protein	complex	from	NMR	chemical	shift	
perturbation	data	

HADDOCK,	
Pymol	

Alexandre	
Bonvin,	UU	

F2F,	
(tutorial	
freely	
available	
online	-	but	
without	
support)	

2-3	hours	

http://www.bonvi
nlab.org/educatio
n/HADDOCK-
protein-protein-
basic/	

none	-	pre-
calculated	
data	can	be	
downloaded	

Makes	use	of	
our	web	
portals	and	
the	associated	
compute	
resources	

yes	

HADDOCK	
modelling	
of	
complexes	
from	MS	
cross-link	
data	

This	tutorial	illustrates	how	MS	cross-linking	data	can	be	used	
in	HADDOCK	(together	with	DISVIS	analysis	results)	to	model	
protein-protein	complexes	

HADDOCK,	
Pymol	

Alexandre	
Bonvin,	UU	

F2F,	
(tutorial	
freely	
available	
online	-	but	
without	
support)	

4	hours	

http://www.bonvi
nlab.org/educatio
n/HADDOCK-
Xlinks/	

none	-	pre-
calculated	
data	can	be	
downloaded	

Makes	use	of	
our	web	
portals	and	
the	associated	
compute	
resources	

yes	

HADDOCK	
ab-initio,	
multi-body	
symmetrica
l	docking	
tutorial	

A	tutorial	demonstrating	multi-body	docking	with	HADDOCK	
using	its	ab-initio	mode	with	symmetry	restraints.	It	is	based	
on	a	former	CASP-CAPRI	target	(T70).	

HADDOCK,	
Pymol,	Linux	
shell	

Alexandre	
Bonvin,	UU	

F2F,	
(tutorial	
freely	
available	
online	-	but	
without	
support)	

3	hours	

http://www.bonvi
nlab.org/educatio
n/HADDOCK-
CASP-CAPRI-T70/	

none	-	pre-
calculated	
data	can	be	
downloaded	

Makes	use	of	
our	web	
portals	and	
the	associated	
compute	
resources.	
Does	require	
a	Linux	
environemt	to	
run	

yes	

HADDOCK	
ligand	
binding	site	
tutorial	

A	tutorial	demonstrating	the	use	of	HADDOCK	in	ab-initio	
mode	to	screen	for	potential	ligand	binding	sites.	The	
information	from	the	ab-initio	run	is	then	used	to	set	up	a	
binding	pocket-targeted	protein-ligand	docking	run.	We	use	
as	an	example	the	multidrug	exporter	AcrB.	

HADDOCK,	
Pymol,	Linux	
shell,	pdb_tools	
(https://github.
com/haddockin
g/pdb-tools)	

Alexandre	
Bonvin,	UU	

F2F,	
(tutorial	
freely	
available	
online	-	but	
without	
support)	

4	hours	

http://www.bonvi
nlab.org/educatio
n/HADDOCK-
binding-sites/	

none	-	pre-
calculated	
data	can	be	
downloaded	

Makes	use	of	
our	web	
portals	and	
the	associated	
compute	
resources.	
Does	require	

yes	
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a	Linux	
environemt	to	
run	

DisVis	web	
server	
tutorial	

A	tutorial	describing	the	use	of	DisVis	to	analyse	the	
interaction	space	between	two	molecules	from	a	set	of	
distance	restraints.	It	can	help	to	filter	out	putative	false	
positive	restraints	and	predict	key	residues	involved	in	the	
interaction	from	this	set	of	restraints.	

DIVIS,	Chimera	
Alexandre	
Bonvin,	UU	

F2F,	
(tutorial	
freely	
available	
online	-	but	
without	
support)	

2-3	hours	

http://www.bonvi
nlab.org/educatio
n/disvis-
webserver/	

none	

Makes	use	of	
our	web	
portals	and	
the	associated	
compute	
resources	

yes	

PowerFit	
web	server	
Tutorial	

A	tutorial	demonstrating	the	use	of	PowerFit	and	its	web	
portal	to	automatically	fit	high-resolution	atomic	structures	in	
a	lower-resolution	cryo-electron	microscopy	density	map.	

PowerFit,	
Chimera	

Alexandre	
Bonvin,	UU	

F2F,	
(tutorial	
freely	
available	
online	-	but	
without	
support)	

2-3	hours	

http://www.bonvi
nlab.org/educatio
n/powerfit-
webserver/	

none	

Makes	use	of	
our	web	
portals	and	
the	associated	
compute	
resources	

yes	

PMX:	
alchemical	
amino	acid	
mutations	

In	this	tutorial	we	will	perform	alchemical	free	energy	
calculations	to	assess	changes	in	protein	stability	upon	amino	
acid	mutation.	The	participants	will	be	guided	through	a	step-
by-step	procedure	of	simulation	setup	and	analysis.	

PMX,	GROMACS	

Bert	de	
Groot,	
Vytautas	
Gapsys,	
MPG	

F2F,	
(tutorial	
freely	
available	
online	-	but	
without	
support)	

2	hours	

http://pmx.mpibp
c.mpg.de/tutorial_
peptide/index.ht
ml	

The	module	is	
planned	to	be	
run	from	a	
Virtual	
Machine;	this	
infrastructure	
still	needs	to	
be	prepared.	

None,	if	pre-
calculated	
data	is	used.	
Having	one	
node	with	a	
GPU	card	for	
every	
participant	
would	allow	
computing	
free	energies	
during	the	
course	of	
tutorial.	

yes	

PMX:	
alchemical	
ligand	
modificatio
ns	

The	tutorial	serves	as	a	guide	to	the	relative	free	energy	
calculations	for	ligand	modifications	based	on	the	PMX	
software	package.	The	participants	will	set	up	and	perform	
alchemical	free	energy	calculations	to	estimate	binding	free	
energy	difference	between	several	thrombin	inhibitors.	

PMX,	GROMACS,	
RDKit	

Bert	de	
Groot,	
Vytautas	
Gapsys,	
MPG	

F2F,	
(tutorial	
will	be	
freely	
available	
online	in	
the	future	-	
but	without	
support)	

2	hours	
will	be	available	in	
the	future	

The	module	is	
planned	to	be	
run	from	a	
Virtual	
Machine;	this	
infrastructure	
still	needs	to	
be	prepared.	

None,	if	pre-
calculated	
data	is	used.	
Having	one	
node	with	a	
GPU	card	for	
every	
participant	
would	allow	
computing	
free	energies	
during	the	
course	of	
tutorial.	

yes	
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Replica-
exchange	
molecular-
dynamics	
with	
alanine	
dipeptide	

	 GROMACS	

Mark	
Abraham,	
Christian	
Blau,	KTH	

F2F	 	 	 	 	 	

Markov	
State	
Modeling	
with	
alanine	
dipeptide	

	 GROMACS	

Mark	
Abraham,	
Christian	
Blau,	KTH	

F2F	 	 	 	 	 	

Accelerated	
sampling	
simulation	
of	DNA	
base	pair	
opening	

	 GROMACS	

Mark	
Abraham,	
Christian	
Blau,	KTH	

F2F	 	 	 	 	 	

Solvation	
free	
energy	calc
ulations	

	 GROMACS	

Mark	
Abraham,	
Christian	
Blau,	KTH	

F2F	 	 	 	 	 	

A	quick	
guide	to	
umbrella	
sampling	
simulations	
with	
GROMACS	

	 GROMACS	

Mark	
Abraham,	
Christian	
Blau,	KTH	

F2F	 	 	 	 	 	

First	steps	
in	using	
GROMACS	

Introductory	tutorial	 GROMACS	

Mark	
Abraham,	
Christian	
Blau,	KTH	

F2F	
(BioExcel	
Summer	
School)	

1	hour	 	 	 	 	

Using	AWH	
enhanced	
sampling	in	
GROMACS	

Tutorial	on	enhanced	sampling	 GROMACS	

Mark	
Abraham,	
Christian	
Blau,	KTH	

F2F	
(BioExcel	
Summer	
School)	

0.5	hour	 	 	 	 	

HADDOCK	
tutorial	

	 HADDOCK	

Alexandre	
Bonvin,	
Charlotte	
Van	Noort,	
UU	

F2F	
(BioExcel	
Summer	
School)	

2.5	hours	 	 	 	 	

PMX	
tutorial	

	
PMX,	GROMACS,	
RDKit	

Bert	de	
Groot,	
Vytautas	

F2F	
(BioExcel	
Summer	
School)	

2.5	hours	 	 	 	 	
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Gapsys,	
MPG	

Metadynam
ics/HADDO
CK	tutorial	

	 HADDOCK	

Charlotte	
van	Noort	&	
Alexandre	
Bonvin,	UU	

F2F	
(BioExcel	
Summer	
School)	

2.5	hours	 	 	 	 	

COMPSs	
training	

Programming	Distributed	Computing	Platforms	with	COMPSs	
	

COMPSs	
Daniele	
Lezzi,	Rosa	
Badia	(BSC)	

BSC	 	
http://compss.bsc
.es/releases/tutor
ials/latest/	

	 	 	

	


