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Chailyan	A.,	Tramontano	A.,	Marcatili	P.	The	crystal	structures	(PDB	entries	1fdl	,	3hfl	,	and	3hfm	)	each	include	only	one	arm	of	the	antibody	(termed	"Fab"	for	"antigen-binding	fragment"),	which	has	been	separated	from	the	antibody	for	ease	in	study.	Notice	the	thin,	flexible	chains	that	connect	these	arms	to	the	central	domain	at	the	bottom.	(2012)
A	database	of	immunoglobulins	with	integrated	tools:	dIGIT.	Sel.,	23,	689–697.	The	two	molecules	on	the	left	come	together,	forming	an	unstable	intermediate	shown	at	the	center	in	red.	Martin	A.C.R.,	Allen	J.	Kabat	E.A.,	Wu	T.T.,	Perry	H.M..	[PubMed]	[Google	Scholar]21.	Abhinandan	K.R.,	Martin	A.C.R.	(2008)	Analysis	and	improvements	to	Kabat
and	structurally	correct	numbering	of	antibody	variable	domains.	This	is	significant	because	this	type	of	reaction	is	not	performed	by	any	natural	enzymes.	(2007)	Bioinformatics	tools	for	antibody	engineering	In:	Duebel	S.	Some	antibodies	have	longer	flexible	linkers	connecting	the	arms	together,	allowing	them	even	more	latitude	when	finding
purchase	on	a	surface.	(2000)	Crystal	structure	of	a	Staphylococcus	aureus	protein	A	domain	complexed	with	the	Fab	fragment	of	a	human	IgM	antibody:	structural	basis	for	recognition	of	B-cell	receptors	and	superantigen	activity.	Researchers	have	done	this	by	finding	antibodies	that	bind	to	a	molecule	that	mimics	the	transition	state,	like	the	one
shown	here	in	green.	Antibodies	that	perform	a	number	of	other	cleavage	and	condensation	reactions,	including	reactions	that	are	impossible	any	other	way,	may	be	found	in	the	PDB.Antibodies	are	very	flexible,	making	it	difficult	to	study	an	intact	antibody.	Front.	USA,	97,	5399–5404.	[PMC	free	article]	[PubMed]	[Google	Scholar]3.	Immunol.,	51,
304–309.	Abhinandan	K.R.,	Martin	A.C.R.	(2007)	Analyzing	the	“degree	of	humanness”	of	antibody	sequences.	[PubMed]	[Google	Scholar]24.	Differences	in	these	"hypervariable	loops"	form	the	many	types	of	pockets	in	different	antibodies,	each	of	which	bind	specifically	to	a	different	target.	Three	different	antibodies	that	bind	to	the	protein	lysozyme
(in	green	at	the	center)	are	shown	here.	Handbook	of	Therapeutic	Antibodies	Vol	1	(Technologies),	1st	edn.Wiley-Blackwell,	Weinheim.	[PMC	free	article]	[PubMed]	[Google	Scholar]4.	Enzymes	act	by	stabilizing	the	intermediate,	smoothing	the	path	from	start	to	finish.	For	instance,	look	at	the	Diels-Alder	reaction	shown	here	at	the	bottom	of	the
illustration.	The	rest	of	the	antibody--the	rest	of	the	arms	and	the	large	constant	domain	that	ties	the	two	arms	together--is	relatively	uniform	in	structure,	providing	a	convenient	handle	when	antibodies	interact	with	the	rest	of	the	immune	system.When	a	foreign	molecule	is	found	in	the	blood,	many	different	antibodies	may	bind	to	it,	attacking	at
different	angles.	(2013)	The	structural	basis	of	antibody-antigen	recognition.	Mol.	Remarkably,	all	of	these	antibodies	are	created	before	they	ever	see	a	virus	or	bacterium.	1.	Al-Lazikani	B.,	Lesk	A.M.,	Chothia	C.	Abhinandan	K.R.,	Martin	A.C.R.	(2010)	Analysis	and	prediction	of	VH/VL	packing	in	antibodies.	Martin	A.C.R.,	Thornton	J.M.	(1996)
Structural	families	of	loops	in	homologous	proteins:	automatic	classification,	modelling	and	application	to	antibodies.	The	binding	site	is	composed	of	several	loops	in	the	protein	chain	that	have	very	different	lengths	and	amino	acid	composition.	[PMC	free	article]	[PubMed]	[Google	Scholar]8.	[PubMed]	[Google	Scholar]Page	2Non-redundant
antibodies	in	PDB	file	3ULU	along	with	other	redundant	antibody	structuresQuery	PDBQuery	PDB	statusRedundant	PDBRedundant	PDB	status3ULU_1Protein	complex3ULV_1Protein	complex3NA9_1Non-protein	complex3ULU_2Protein	complex3ULV_2Protein	complex3ULS_1Free	antibody3ULS_2Free	antibody3ULU_3Protein	complex3ULV_3Protein
complex3QPQ_1Non-protein	complex3QPQ_2Non-protein	complex3QPQ_3Non-protein	complex3QPQ_4Non-protein	complex	Antibodies	search	for	foreign	molecules	in	the	bloodAntibody.Download	high	quality	TIFF	imageAntibodies	are	our	molecular	watchdogs,	waiting	and	watching	for	viruses,	bacteria	and	other	unwelcome	visitors.	Burley	S.K.,
Berman	H.M.,	Kleywegt	G.J..	Retter	I.,	Althaus	H.H.,	Münch	R.,	Müller	W.	Immunol.,	45,	3832–3839.	Each	lymphocyte	creates	a	different	type	of	antibody,	based	on	how	it	has	recombined	its	antibody	genes.	Humana	Press,	New	York,	NY,	pp.	Acids	Res.,	42,	D1140–D1146.	You	can	create	similar	illustrations	by	clicking	on	the	PDB	accession	codes
above	and	choosing	one	of	the	options	for	3D	viewing.September	2001,	David	Goodsell	These	lymphocytes	may	also	make	small	adjustments	on	the	antibodies	they	produce,	tailoring	their	antibodies	to	bind	more	tightly	and	more	specifically.	Sela-Culang	I.,	Kunik	V.,	Ofran	Y.	Swindells	M.B.,	Porter	C.T.,	Couch	M..	Biol.,	263,	800–815.	(2009)	IMGT®,
the	international	immunogenetics	information	system.	This	amazingly	huge	collection	of	antibodies	is	created	by	recombination	of	genes	in	lymphocytes,	the	blood	cells	that	make	antibodies.	These	antibody-enzymes	are	termed	catalytic	antibodies.	Acids	Res.,	40,	D1230–D1234.	Silverton	E.W.,	Padlan	E.A.,	Davies	D.R..	Notice	that	the	antibodies	pick
entirely	different	binding	sites	on	the	small	lysozyme	molecule.Researchers	have	used	the	incredible	functional	diversity	of	the	immune	system	in	a	clever	way:	to	design	new	enzymes.	(1984)	Crystalline	monoclonal	antibody	Fabs	complexed	to	hen	egg	white	lysozyme.	[PMC	free	article]	[PubMed]	[Google	Scholar]9.	Immunol.,	10,	297..	Antibodies	are
composed	of	four	chains,	two	long	heavy	chains	(colored	red	and	orange)	and	two	shorter	light	chains	(yellow).	[PMC	free	article]	[PubMed]	[Google	Scholar]19.	Bioinformatics,	31,	4017–4019.	[Google	Scholar]6.	This	makes	perfect	sense:	since	antibodies	do	not	know	in	advance	what	attackers	they	might	be	fighting,	they	keep	their	options	open.
[PMC	free	article]	[PubMed]	[Google	Scholar]18.	Notice	how	the	antibodies	are	able	to	twist	into	different	shapes,	forced	by	packing	into	the	different	crystal	lattices.	Sivalingam	G.N.,	Shepherd	A.J.	(2012)	An	analysis	of	B-cell	epitope	discontinuity.	Johnson	G.,	Wu	T.T.	(2001)	Kabat	database	and	its	applications:	future	directions.	627–641.	Then,	the
intermediate	falls	apart,	releasing	sulfur	dioxide	and	forming	the	desired	product,	shown	on	the	right.	[PubMed]	[Google	Scholar]14.	Antibodies	circulate	in	the	blood,	scrutinizing	every	object	that	they	touch.	Biol.,	369,	852–862.	USA,	85,	5879–5883.	Adolf-Bryfogle	J.,	Xu	Q.,	North	B..	et	al.	[PMC	free	article]	[PubMed]	[Google	Scholar]22.	Protein
Eng.	Huston	J.S.,	Levinson	D.,	Mudgett-Hunter	M..	[PubMed]	[Google	Scholar]17.	Bioinformatics,	18,	175–181.	You	don't	make	a	special	antibody	when	a	virus	or	bacterium	infects	your	body.	(1991)	Sequences	of	Proteins	of	Immunological	Interest,	5th	edn.U.S.	Department	of	Health	and	Human	Services,	National	Institutes	for	Health,	Bethesda,	MD.
Natl.	The	specific	binding	site	is	found	at	the	tips	of	the	two	arms,	in	a	pocket	formed	between	the	light	and	heavy	chain.	Biol.,	429,	356–364.	[PMC	free	article]	[PubMed]	[Google	Scholar]23.	When	antibodies	bind	to	a	bacterial	surface,	they	act	as	markers	alerting	the	other	powerful	defensive	mechanisms	available	in	the	immune	system.Antibodies,
and	many	of	the	other	molecules	used	in	the	immune	system,	have	a	distinctive	shape.	The	rest	of	the	antibody	is	indicated	extending	from	the	edges	of	the	illustration.	All	are	nice	examples	for	exploration.	Sci.	[PMC	free	article]	[PubMed]	[Google	Scholar]12.	J.	[PubMed]	[Google	Scholar]15.	Dunbar	J.,	Krawczyk	K.,	Leem	J..	This	will	give	you	some
idea	of	the	range	of	motion	that	these	molecules	are	capable	of	as	they	bind	to	their	targets.	Nucl.	Acids	Res.,	29,	205–206.	(2017)	abYsis:	integrated	antibody	sequence	and	structure—management,	analysis	and	prediction.	In	the	case	of	viruses,	like	rhinovirus	or	poliovirus,	a	coating	of	bound	antibodies	may	be	enough	to	block	infection.	The	flexible
arms	allow	the	binding	sites	to	work	together,	grabbing	with	both	arms	onto	targets	with	different	overall	shapes.	(1989)	Conformations	of	immunoglobulin	hypervariable	regions.	The	catalytic	antibody	shown	here,	from	PDB	entry	1c1e	,	performs	the	Diels-Alder	condensation	reaction	shown	in	the	diagram.	(1997)	Standard	conformations	for	the
canonical	structures	of	immunoglobulins.	[PMC	free	article]	[PubMed]	[Google	Scholar]13.	[PubMed]	[Google	Scholar]16.	Acids	Res.,	33,	D671–D674.	[PubMed]	[Google	Scholar]2.	(2005)	VBASE2,	an	integrative	V	gene	database.	Methods	in	Molecular	Biology	Vol	1607.	(eds).	Immunol.,	4,	302.	Allcorn	L.C.,	Martin	A.C.R.	(2002)	SACS:	self-maintaining
database	of	antibody	crystal	structure	information.	Porter	C.T.,	Martin	A.C.R.	(2015)	BiopLib	and	BiopTools—a	C	programming	library	and	toolset	for	manipulating	protein	structure.	Biol.,	273,	927–948.	[PubMed]	[Google	Scholar]11.	This	illustration	was	created	with	RasMol.	Three	examples	of	intact	antibodies	are	shown	here	(PDB	entries	1igt	,	1igy
,	and	1hzh	).	Nature,	342,	877–883.	Acids	Res.,	37,	D1006–D1012.	(2015)	A	site	of	Varicella	zoster	virus	vulnerability	identified	by	structural	studies	of	neutralizing	antibodies	bound	to	the	glycoprotein	complex	gHgL.	To	make	an	antibody	into	an	enzyme,	we	need	to	find	an	antibody	that	stabilizes	this	intermediate	transition	state	in	a	similar	way.
(2015)	PyIgClassify:	a	database	of	antibody	CDR	structural	classifications.	USA,	112,	6056–6061.	Most	of	the	hundreds	of	antibody	structures	available	at	the	PDB	are	fragments	of	antibodies,	typically	of	just	the	Fab	arm	with	the	specific	binding	pocket.	Des.	[PMC	free	article]	[PubMed]	[Google	Scholar]5.	Instead,	all	of	your	antibodies	are	pre-
fabricated,	lying	in	wait	until	a	virus	or	bacterium	attacks.	Antibodies	alone,	however,	are	no	match	for	bacteria.	Xing	Y.,	Oliver	S.L.,	Nguyen	T..	Molec.	(ed).	The	antibody	shown	here,	from	PDB	entry	1igt	,	has	two	binding	sites,	at	the	tips	of	the	two	arms	extending	right	and	left	at	the	top.	Each	type	binds	to	a	different	target	molecule.	Lefranc	M.P.,
Giudicelli	V.,	Ginestoux	C..	Typically,	they	are	composed	of	several	flexible	arms	with	binding	sites	at	the	end	of	each	one.	Biol.,	180,	761–765.	There	are	so	many	different	kinds	of	antibodies	that	one	or	two	are	bound	to	be	the	right	ones	to	fight	the	infection.	[PubMed]	[Google	Scholar]7.	Graille	M.,	Stura	E.A.,	Corper	A.L..	Chothia	C.,	Lesk	A.M.,
Tramontano	A..	(2010)	Therapeutic	antibodies:	past,	present	and	future.	(1988)	Protein	engineering	of	antibody	binding	sites:	recovery	of	specific	activity	in	an	anti-digoxin	single-chain	Fv	analogue	produced	in	Escherichia	coli.	When	an	antibody	encounters	a	virus	or	bacterium,	the	appropriate	lymphocytes	will	multiply,	flooding	the	blood	with	the
particular	antibodies	needed	to	battle	the	invader.	(2014)	SAbDab:	the	structural	antibody	database.	Proc.	Protein	Crystallography.	Other	antibodies	have	four	or	ten	binding	sites,	so	each	contact	can	be	weaker	and	still	allow	the	whole	antibody	to	bind	firmly.Your	blood	contains	upwards	of	100,000,000	different	types	of	antibodies.	Enzymes	work	by
easing	molecules	through	a	difficult	chemical	change.	When	they	find	an	unfamiliar,	foreign	object,	they	bind	tightly	to	its	surface.	Leavy	O.	[PMC	free	article]	[PubMed]	[Google	Scholar]10.	Acad.	(2017)	Protein	Data	Bank	(PDB):	The	single	global	macromolecular	structure	archive	In:	Wlodawer	A.,	Dauter	Z.,	Jaskolski	M.	Nature	Rev.	[Google
Scholar]20.	[PMC	free	article]	[PubMed]	[Google	Scholar]25.	Acids	Res.,	43,	D432–D438.
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