
From	Internal	Coordinate	
Mechanics	to	ICM	

Modeling	
Docking	

Cheminforma7cs	
Graphical	and	Scrip7ng	Environment	

Big	Structural	Data	
	



Internal	Coordinate	Mechanics	
•  ICM	(φ,α,b)	

-		Full	set	of	Internal	Variables:		ICM	
(φ,α,b)	
-  ICM	stochas+c	op+mizer	(1992-99)	

			Mazur,	Abagyan	(1989)	“General	Equa+ons	for	mul+ple	branched	polymers	of	
mo+on	in	internal	coordinates”,	JBSD..	

		Abagyan,	Totrov,	Kuznetsov	(1994)	“ICM	-	a	new	method	for	protein	
modeling	and	docking”	J.	Comp.	Chem.	15,	488-50	

		Abagyan,	and	Totrov,		(1994).“Biased	Probability	Monte	Carlo	searches	and	
Electrosta+cs”	J.	Mol.	Biol.		
		Totrov	M,	Abagyan	R	(1994)	Detailed	ab	ini+o	predic+on	of	lysozyme-
an+body	complex	with	1.6	A	accuracy.	Nat	Struct	Biol,	1994	

•  Any	subset	of	molecules,	svariables	
•  Collec7ve	variables	
•  Square	root	(biased)	sampling	
•  Restraints	and	grids	to	modify	the	energy	func7on	



ICM	Ligand	Docking	

Totrov,	Abagyan	(1997)	Flexible	Ligand	Docking.	Proteins	

Grids	
with	second	
deriva7ves	



	Totrov,	Abagyan.	Detailed	ab	ini+o	predic+on	
of	lysozyme-an+body	complex	with	1.6	A	
accuracy.			Nature	Struct	Biol,	1994	

Tools:	Protein	and	Pep+de	Docking	

Zhou,	Abagyan,	Folding	&	Des	1998.	How	and	why	pTyr-
containing	pep+des	bind	to	the	SH2	and	PTB	domains.	
Bordner	AJ,	Abagyan	R.	Ab	ini+o	predic+on	of	pep+de-MHC	
binding	geometry	for	diverse	class	I	MHC	allotypes.	
Proteins.	2006	May	15;63(3):512-26	

New:	
Protein-Protein		
FFT	Docking	



APF	:	Atom	Property	Fields	

Tools:		_chemAlign		and	_chemSuper			(screen)	

Totrov	M.	Atomic	property	fields:	generalized	3D	pharmacophoric	poten+al	for	automated	ligand	superposi+on,	
pharmacophore	elucida+on	and	3D	QSAR	Chem	Biol	Drug	Des.	2008	



Independent	APF	Valida+on	
Gigan7	et	al		Compara+ve	Evalua+on	of	3D	Virtual	Ligand	Screening	
Methods:	Impact	of	the	Molecular	Alignment	on	Enrichment	JCIM	
(2010),				Pasteur	Inst.,	Paris	
	
•  ICM,	Surflex-dock/Surflex-sim,	FlexX/FlexS,	OMEGA-FRED/OMEGA-ROCS	

Chemical	
Super-
posi+on	

Docking/
Screening	
Enrichment	



50	Shades	of	Pocket	Flexibility	
•  Explicit	Side	Chains	in	LigEdit	and	_dockScan	
•  4D	Docking	for	fast	Ensemble	Docking	
•  SCARE	(SCan	Alanines	&	Refine)	
•  NMA	or	ICM-Generated	backbone	varia7ons		
•  Full	ICM	simula7ons	with	custom	defined	
space	and	restraints	

Bottegoni et al. 2008  “SCARE..” JCAMD 
Bottegoni et al. 2009  “4D docking: a fast and accurate account 

of discrete receptor flexibility ..”, JMC 



Bisson,	Cheltsov	et	al.	2006,	PNAS	
Katritch	et	al.	2008,	2011,	++	GPCR	agonist	binding	revealed	by	modeling..,		
Rueda	et	al.	ALiBERO:	Evolving	a	team	of	complementary	pocket	conforma+ons	
rather	than	a	single	leader	(2012)	J	Chem	Inf	Mod	

Ligand	Guided	
Model	Building	

•  ALibero	
•  Extension	of	_dockScan	



S7efl	et	al.	JCIM,	2015	



Scarab	

Brian	Marsden,	SGC	
David	Damerell,	SGC	
Arman	Sahakian,	Molsoj	
	

Big	Data	J	:	
•  Capture	and	Create	
•  Integrate	
•  Search	and	retrieve	



Three	in	One	

•  Worksta7on	GUI	Client	(eg	
ICM-pro,	Focus,	Scarab)		

•  ICM	based	backend	units	
(models,	screens,	homology)	

•  Mobile	or	Web	dissemina7on	



Training	
Videos	



Ligand	Editor	

Three	Point	Core	
Replacement	

Fragment	Linking	



Computa+onal	Fragment	Screen:	
Examples	of	high-confidence	fragment	poses	versus	real	ligands		

Phenol	fragments	in	PDB	1QKM	(ER)	
PDB	4KSP	(b-RAF	kinase)	



New	ICM	Force	Field:	ICMFF	
•  First	ideas	:		ICFF	Seva	Katrich	et	al.	2003	
•  Current	QM-based	ICMFF:		

– Sojer	flexibility	model,	bener	VW,	ε=2,	
accurate	torsion	profiles,	..	

Arnautova,	Abagyan,	Totrov.	RNA;	2015	(glycoproteins)	and	2011	(loops,	
pep7des).			All-Atom	Internal	Coordinate	Mechanics(ICM)	Force	Field	for	
Hexopyranoses	and	Glycoproteins.	J	Chem	Theory	Comput.	2015	

ICM	Scripts:	
•  _loopmodel	
•  _dockScan	
•  _mutant*	
•  _protDesign	



First	morning	ajer	Sweden	changed	from	driving	on	the	lej	side	
to	driving	on	the	right,	1967		(themetapicture.com)	

•  Switching	
to	the	new	
force	field	
needs	to	
be	done	
very	
carefully	

Change	is	difficult	



Expanding	from	Xtal	to	Models	
•  25%	protein	coverage	
•  10%	amino	acid	coverage	
•  3%	GPCR	coverage	
Experimental	Structures	 Modeling	

•  Ab	ini7o	
•  Homology	
•  Loops	and	Tails	
Docking	
•  Small	molecules	
•  Pep7des	
•  Proteins	



Custom	modeling	protocols	

Applica7on	to	chemokine	receptors	

Kufareva	et	al.	(2015)	Experiment-guided	
molecular	modeling	of	protein-protein	
complexes	involving	GPCRs,	Meth	Mol	Biol,	
Wiley,	1335,	295-311,	chapter	

Qin,	…,Handel	(2015)	Crystal	structure	of	the	
chemokine	receptor	CXCR4	in	complex	with	a	
viral	chemokine,	Science.	



Three	drugs	iden7fied	as	SMO	modulators	



The	Pocketome	

116	varia+ons	of	PDE4D	



MolScreen:	The	Five	Model	Types	
2000	Models	

•  Docking	Models	
–  .dfa		docking	and	mul7cluster	pKd/pIC50	predic7on	
–  .dfz			APF	docking	and	Z-scoring	
–  .dpc		4D	Pocket	docking	and	Classifica7on	+	pKd		

•  QSAR	models	
–  .kcc			

•  Property	models	:	Caco2,	T1/2,	hERG,	LD50,	
PAINS,		PAMPA,	PgPinh,	PgPsubstrate	
–  .mpc	

On	going	collabora7on	with	Novar7s	Group:	
		ChrisLne	Hajdin,	Donovan	Chin,	Eric	MarLn	

Molsoj:	Polo	Lam,	Eugene	Raush,	Max	Totrov	



Ac7vity	Models:	ADRs,	Target	Screen,	Proper7es	

MolScreen	



Individual	model’s	detail	
•  Load	Panel	->	Check	Model	Performance:	



Predicted	Pose	(docking	type)	

24	

•  Live	results	for	the	dfa,	dpc,	dfz	models.	



Endocrine	Disrup7on:	Tes7ng	TiPED	

Maricel	Maffini,	Bruce	Blumberg	et	
al.	(2015,	in	prepara7on)	

Schug,	Abagyan,	Blumberg,		et	al.	
Designing	endocrine	disrup+on	out	
of	the	next	genera+on	of	chemicals	
Green	Chemistry,	2013,	15,	181-198	

The	Tiered	Protocol	for	Endocrine	Disrup7on	(TiPED)		

Praziquantel	target	screen		



Two	ac7vi7es	confirmed!	

Service	by	Bryan	Roth	Center,	UNC	

~500	nM	ac7vi7es	for	a	single	stereoisomer	



Three	drugs	iden7fied	as	SMO	modulators	
Kir7	Kandhwal	


