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Motivation
Recently,	huge	advances	in	structural	biology	have	made	it	possible	to	rapidly	increase	the
number	of	structures	in	the	Protein	Data	Bank	(PDB)	archive.	Since	PDB	inception,	the	files
containing	all	the	information	related	to	deposited	protein	structures	have	undergone	several
changes,	moving	from	the	original	PDB	file	format	(legacy)	to	the	current	PDBx/mmCIF	file
format	[1].	Over	the	years,	numerous	efforts	have	been	made	to	overcome	the	problems	related
to	the	original	PDB	file	format,	and	new	standards	have	been	introduced	to	consider	more
structural	and	technical	characteristics,	arriving	at	the	adoption	of	the	PDBx/mmCIF	format,
which	is	more	suitable	for	automated	analysis	by	software	tools	[2].	
Following	the	COVID-19	pandemic	event,	the	structural	biology	community	has	spent	a	great
effort	in	determining	the	structures	of	SARS-CoV-2	proteins.	The	attention	of	scientists	has	been
focused	on	spike	protein,	whose	protein	structure	is	the	key	to	understanding	the	interaction	of
SARS-CoV-2	with	the	human	receptor	angiotensin-converting	enzyme	2	(ACE2)	and	subsequent
entry	of	coronaviruses	into	cells	[3],	and	more	than	3000	structures	of	this	protein	have	been
determined	in	a	limited	amount	of	time.
Recently,	we	started	a	study	to	predict	the	influence	of	mutations	of	different	SARS-CoV-2
variants	on	antibody	binding	to	the	spike	protein	by	in	silico	analysis	[4].	In	order	to	obtain	the
desired	information,	we	decided	to	perform	an	automated	analysis	of	hundreds	of	structures	of
the	spike	protein	complexed	with	the	light	and	heavy	chains	of	different	types	of	antibodies.
Unfortunately,	the	automated	analyses,	which	were	expected	to	get	results	quickly,	have	proved
difficult	due	to	several	problems	encountered	in	the	PDB	and	PDBx/mmCIF	file,	dealing	in
particular	with	the	lack	of	standardization	of	the	structural	information.	
We	present	some	of	the	issues	observed	in	our	specific	case	but	these	can	probably	be
generalized	to	many	other	structures	collected	in	the	PDB	database
Methods
From	PDB	Database,	we	collected	172	spike-Ab	complexes.	For	each	complex,	we	automatically
model	the	omicron	variants	of	Sars-CoV-2,	developing	in-house	a	Perl	script.	
To	study	the	change	in	the	interactions	we	calculated	the	H-bonds	and	hydrophobic	interactions
between	each	different	spike	chain	and	the	antibody	in	the	selected	complexes	using	LigPlot	[5]
and	detected	the	ionic	interactions	with	an	in-house	developed	Perl	script.	
We	compared	the	non-mutated	interactions	with	the	predicted	ones	using	R	programming
(https://www.r-project.org).	
The	difficulties	that	emerged	during	the	analysis,	due	to	the	non-heterogeneity	of	the
information	in	the	files	of	the	complexes,	forced	us	to	manually	check	the	individual	files	before
submitting	them	to	the	automated	analyses.
Results
To	predict	the	effect	of	mutations	on	the	interaction	between	spike	and	antibodies,	an	essential
information	is	the	association	of	the	molecular	entity	with	the	chain	that	identifies	it.	In	the	files
we	analyzed	this	information	is	not	homogeneous.	For	example,	in	some	cases	the	spike	protein
is	described	as	spike	protein	S1	but	in	others	as	spike	glycoprotein	or	still	other	ways.	The	same
thing	happens	with	the	antibodies’	names	[6].	
The	second	issue	we	dealt	with	concerned	the	chain	identifiers.	Often	chain	identifiers	used	for
spike	protein	in	some	files	are	used	for	antibodies	in	other	files.	The	lack	of	uniformity	of	chain
identifiers	makes	it	more	difficult	to	automatically	extract	the	information	from	the	output	of
software	analysis	performed	on	hundreds	of	PDB	files,	especially	if	the	study	is	focused	on
identifying	the	interaction	between	two	molecules,	as	in	our	case	[6].
Another	aspect	that	should	be	taken	into	consideration	is	the	order	in	which	the	chains	of	the
complex	are	reported	in	the	ATOM	records	6].	This	is	useful	because	having	the	same	molecule
always	in	the	same	position	in	a	series	of	files	could	help	the	researchers	who	use	the	structures
for	alignment	or	modeling.
We	acknowledge	the	important	work	of	harmonization	and	data	FAIRification	made	by	the
structural	biology	community,	especially	with	the	introduction	of	the	new	PDBx/mmCIF	format;
however,	these	problems	underline	the	need	to	define	further	rules	to	standardize	the	way	to
report	the	information	contained	in	these	files.
We	hope	that	this	case	report	will	suggest	further	improvements	in	the	way	structure-related
information	is	provided	to	those	who	will	use	these	files	for	subsequent	analysis.
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