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Supplementary	Material	&	Methods	

	

Molecular	dynamics	

To	estimate	the	binding	energy	changes	between	the	mink	ACE	and	Spike	mutations	

relative	to	those	found	in	humans,	we	applied	simulated	annealing	energy	

minimizations	through	short	molecular	dynamics	(MD)	simulations	in	YASARA	(Krieger	

and	Vriend	2014),which	was	previously	shown	to	produce	a	robust	linear	correlate	

between	computationally	predictive	and	experimentally	measured	receptor	preference	

of	influenza	haemagglutinin	protein	(Guarnaccia	et	al.	2013).	Here,	we	used	the	recently	

published	structural	complex	of	SARS-CoV-2	spike	receptor-binding	domain	(RBD)	

bound	to	human	ACE2	(PDB:	6M0J;	Lan	et	al.	2020)	and	performed	the	minimization	

analysis	as	follows:	First,	the	structure	complex	was	energy-minimized	to	remove	

conformational	stress	by	a	short	steepest	descent	minimization.	We	used	the	YASARA2	

force	field		with	a	force	cut	off	of	7.864Å	and	the	Particle	Mesh	Ewald	algorithm	(York	et	

al.	1994)	to	treat	long-range	electrostatic	interactions.	We	then	performed	simulated	

annealing	until	convergence	was	reached.	The	MD	simulations	proceeded	in	time	step	of	

2	fs	with	atom	velocities	scaled	down	by	0.9	in	every	10th	step.	Convergence	was	met	if	

improvements	in	energy	minimization	were	less	than	0.05kJ/mol	per	atom	for	200	

steps.	Counterions	and	solvation	were	both	considered	implicitly:	For	the	former,	net	

charges	were	set	to	zero	while	solvation	was	defined	by	a	term	that	is	proportional	to	

accessible	surface	area.	The	entropic	cost	of	expositing	1Å!	to	solvent	was	estimated	to	

be	1.3kJ/mol.	To	minimize	potential	complexities	and	bias	arising	from	simulations	of	

distant,	unrelated	atoms,	only	those	within	an	8Å	radius	from	the	mutated	spike	and	



host-specific	ACE2	residues	were	allowed	to	move	while	the	rest	of	the	complex	were	

fixed	in	their	respective	positions.	Finally,	binding	energy	(𝐸)	was	computed	using	a	

function	that	include	standard	potential	energy	terms	and	the	aforementioned	implicit	

solvation	term.	For	each	mutation,	we	performed	three	iterations	of	energy	

minimization	for	the	set	of	wild-type	(WT)	and	mutant	(MT)	residues	in	the	viral	spike	

and	ACE2	proteins	(i.e.	three	independent	estimates	of	𝐸"# 	and	𝐸$#).	We	then	

computed	relative	binding	energy	(Δ𝐸 = 𝐸$# − 𝐸"#)	and	report	the	mean	and	standard	

deviation	values	across	all	three	iterations.				

	

To	validate	our	approach,	besides	the	RBD	substitutions	that	we	had	identified	in	minks	

(i.e.	Y453F,	F486L	and	N501T)	to	be	in	contact	with	in	ACE2	receptor,	we	have	also	

selected	substitutions	with	large	affinity-enhancing	as	well	as	diminishing	effects	

located	at	three	sites	(i.e.	493	486	and	501)	that	were	found	to	be	highly	important	to	

ACE2	receptor	binding	(Starr	et	al.	2020).	We	found	a	weak	linear	correlation	between	

the	predicted	binding	energy	values	and	the	measured	average	effect	on	binding	(values	

obtained	from	Starr	et	al.	2020;	Figure	S1).	Nonetheless,	the	estimated	binding	energies	

could	still	afford	us	to	make	qualitative	inferences	of	binding	affinity	changes	between	

Spike	RBD	the	ACE2	receptor.		

	 	



	

	
Figure	S1.	Correlation	between	computationally	predicted	binding	energy	changes	and	

experimentally	measured	average	binding	effects	of	selected	Spike	protein	amino	acid	

substitutions	and	human	ACE2	receptor	from	(Starr	et	al.	2020).	Mutations	found	to	

have	increased	binding	affinity	to	human	ACE2	receptor	are	coloured	in	green	while	

those	with	diminished	binding	effects	are	coloured	in	red.		

	

Table	S1.	Binding	energy	changes	

Spike mutation 
Mean Δ𝐸 (S.D.) (kcal/mol) 

Interacting human ACE2 
residue 

Interacting mink ACE2 residue 

Y453F 34H 20.9 (2.3) 34Y 22.3 (3.3) 
F486L 79L 

13.2 (0.8) 
79H 22.5 (3.6) 

F486L 82M 82T 22.4 (9.3) 
N501T 354G 18.6 (1.8) 354R 22.5 (6.1) 
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