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What	is	Molecular	Dynamics?	

“Certainly no subject or field is making more progress on so many fronts at the 
present moment than biology, and if we were to name the most powerful assumption 
of all, which leads one on and on in an attempt to understand life, it is that all 
things are made of atoms, and that everything that living things do can be 
understood in terms of the jigglings and wigglings of atoms.” 

Richard	Feynman	
The	Feynman	Lectures	on	Physics:	Mainly	Mechanism,	Radia@on	and	Heat	(1963)	
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Development	of	Molecular	Dynamics	over	the	past	decades:	

Why	it	is	so	Important?	
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What	is	Molecular	Dynamics?	

Myoglobin	Structure	
Kendrew	(1962	Chemistry	Nobel	Prize)	 Dynamics	plays	an	important	role.		
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Biochemistry	101	

What	are	Proteins?	

Proteins	are	large	biomolecules,	or	macromolecules,	consis2ng	of	one	or	more	long	
chains	of	amino	acid	residues.	

Wikipedia	

N-Terminal	

C-Terminal	
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Biochemistry	101	

What	are	Proteins?	

Amino	Acids:	
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Biochemistry	101	

The	Different	Amino	Acids	
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Biochemistry	101	

The	Different	Amino	Acids	
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Biochemistry	101	

Protein	Structure:	
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Biochemistry	101	

Protein	Secondary	Structure:	
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Biochemistry	101	

Protein	Structure	Determina6on:	

X-Ray	Crystallography		
Nuclear	Magne6c	Resonance	(NMR)	
Cryo-Electron	Microscopy	
Homology	Modeling	and	ab	ini2o	Modeling	
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Biochemistry	101	

What	is	the	Protein	Data	Bank?	
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Biochemistry	101	

Are	there	other	Biomolecules?	

•  Nucleic	Acids	

•  Lipids	

•  Carbohydrates		

•  FaZy	Acids	

•  Hormones		

•  Sterols	

•  …	
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Biochemistry	101	

Ques6ons?	
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Molecular	Dynamics	Simula6ons	-	Theory	

The	Computa6onal	Microscope	

What	our	microscope	is	made	of?	
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Molecular	Dynamics	Simula6ons	-	Theory	
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Uses	simple	Physics	concepts	of	Classical	Mechanics.	
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Molecular	Dynamics	Simula6ons	-	Theory	
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Molecular	Dynamics	Simula6ons	–	Theory	(How	NAMD	really	does	Langevin)	
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Molecular	Dynamics	Simula6ons	-	Theory	

Why	not	to	use	Quantum	Mechanics?	
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Classical	Mechanics	vs.	Quantum	Mechanics	

Classical	Mechanics	

Quantum	Mechanics	(ab	ini2o)	

Semi-empirical	Methods	
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Molecular	Dynamics	Simula6ons	-	Theory	
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Molecular	Dynamics	Simula6ons	-	Theory	

fs																				ps																				ns																					µs																				ms																			s	

Pure	QM	
	
	
Hybrid	QM/MM	
	
	
Classical	MD	
	
	
Coarse	Grained	MD	

The	Time	Scale	Problem	
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Molecular	Dynamics	Simula6ons	-	Theory	

NAMD	QM/MM	will	be	released	in	late	2016	
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Molecular	Dynamics	Simula6ons	-	Theory	

The	Time	Scale	Problem	
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Molecular	Dynamics	Simula6ons	-	Theory	

What	6mescale	we	can	simulate?	
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Molecular	Dynamics	Simula6ons	-	Theory	

Performance	of	NAMD	simula6ons	on	different	computer	pla_orms	
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QwikMD	-	Integra6ve	Molecular	Dynamics	Toolkit	for	Novices	and	Experts	

www.ks.uiuc.edu/Research/qwikmd	

Employing	 QwikMD,	 a	 user	 is	 able	 to	 prepare	 an	
MD	 simula@on	 in	 just	 a	 few	 minutes,	 allowing	
studies	 of	 point	 muta@ons,	 par@al	 dele@ons	 and	
even	atomic	force	microscopy	experiments.	
	
	
QwikMD	 assists	 a	 new	 user	 in	 performing	 MD	
simula@ons,	while	it	also	servers	as	a	learning	tool.	
Many	 "info	 buYons"	 provide	 the	 theore@cal	
background	underlying	the	MD	procedures	carried	
out	in	modern	MD	simula@ons.	

QwikMD	
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QwikMD	-	Integra6ve	Molecular	Dynamics	Toolkit	for	Novices	and	Experts	

QwikMD	Workflow	

www.ks.uiuc.edu/Research/qwikmd	
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QwikMD	-	Integra6ve	Molecular	Dynamics	Toolkit	for	Novices	and	Experts	
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QwikMD	-	Integra6ve	Molecular	Dynamics	Toolkit	for	Novices	and	Experts	

DOWNLOAD	IT	FROM:	www.ks.uiuc.edu/~rcbernardi	
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Molecular	Dynamics	Simula6ons	of	Biological	Systems		

Molecular	Dynamics	can	be	used	to	calculate	a	diverse	set	of	proper6es:	
	
•  Free-energy	(transi@on	between	two	structural	states)	

•  Mechanical	Proper@es	

•  Viscosity	

•  Thermodynamics	Proper@es		

•  Effects	of	structural	changes	in	the	above	proper@es		

•  …	
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QwikMD	Hands-on	
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Case	1:	Ubiqui6n		

Ubiqui@n	is	a	small	protein	that	is	found	in	almost	all	cellular	@ssues	in	
humans	and	other	eukaryo@c	organisms,	which	helps	to	regulate	the	

processes	of	other	proteins	in	the	body.	
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Molecular	Dynamics	Simula6ons	of	Biological	Systems		

Case	2:	HIV-Protease		
HIV-1	protease	is	a	retroviral	aspartyl	protease	(retropepsin)	that	is	essen@al	for	the	

life-cycle	of	HIV,	the	retrovirus	that	causes	AIDS.	HIV	protease	cleaves	newly	
synthesized	polyproteins	at	the	appropriate	places	to	create	the	mature	protein	

components	of	an	infec@ous	HIV	virion.	Without	effec@ve	HIV	protease,	
HIV	virions	remain	uninfec@ous.	
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Molecular	Dynamics	Simula6ons	of	Biological	Systems		

Case	3:	Cellulase		
Cellulase	refers	to	a	group	of	enzymes	which,	ac@ng	together,	hydrolyze	

cellulose.	Cellulose	is	a	linear	polysaccharide	of	glucose	residues	connected	
by	β-1,4	linkages	
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Case	4:	DNA/Protein	Complex		

Deoxyribonucleic	acid	is	a	molecule	that	carries	most	
of	the	gene@c	instruc@ons	used	in	the	development,	
func@oning	and	reproduc@on	of	all	known	living	

organisms	and	many	viruses.		
	

Protein–DNA	interac@ons	ogen	regulate	the	
biological	func@on	of	DNA,	usually	the	expression	of	a	

gene.	Among	the	proteins	that	bind	to	DNA	are	
transcrip@on	factors	that	ac@vate	or	repress	gene	
expression	by	binding	to	DNA	mo@fs	and	histones	
that	form	part	of	the	structure	of	DNA	and	bind	to	it	

less	specifically.	
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Case	5:	Cellulosomes	-	Pulling	Experiment	
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Ultrastable	Protein	complexes	

Challenging	environments	have	guided	nature	in	the	
development	of	ultrastable	protein	complexes.	Specialized	

bacteria	produce	discrete	mul@-component	protein	networks	
called	cellulosomes	to	effec@vely	digest	lignocellulosic	biomass.		

	
Certain	cellulosomal	ligand–receptor	interac@ons	exhibit	extreme	

resistance	to	applied	force.	
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Case	6:	Membrane	Protein		
Membrane	proteins	are	proteins	that	interact	with,	or	are	part	of,	biological	membranes.	
They	are	one	of	the	common	types	of	protein	along	with	soluble	globular	proteins,	fibrous	
proteins,	and	disordered	proteins.	They	are	targets	of	over	50%	of	all	modern	medicinal	

drugs.	It	is	es@mated	that	20–30%	of	all	genes	in	most	genomes	encode	membrane	proteins.	

Newer	Advanced	Version	of	QwikMD	required	
Download	QwikMD	from:	www.ks.uiuc.edu/~rcbernardi	



Thank	You	


