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Supplementary	 Figure	 1	 Final	 atomic	 coordinates	 fitted	 into	 electron	 density	

maps.	(a)	Cartoon	and	stick	representation	of	the	KdHpuA	structure	in	experimental	

2FO-FC	electron	density	after	phasing	and	solvent	flattening	by	Sharp1	contoured	at	

1	σ.	 (b)	Stick	representation	of	 the	 final	KdHpuA	structure	 in	 final	2FO-FC	electron	

density	map	 contoured	 at	 1	 σ.	 (c)	 Stereo	 view	of	 the	 final	 structure	 of	NgHpuA-C	

(cyan),	 fitted	 in	 the	 final	2FO-FC	electron	density	map	contoured	at	1	σ.	 (d)	Stereo	

view	of	 the	 final	structure	of	KdHpuA	(teal)	and	Hb	(red)	 in	complex,	 fitted	 in	 the	

final	2FO-FC	electron	density	map	contoured	at	1	σ.	
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Supplementary	Figure	2	The	structure	of	N.	gonorrhoeae	HpuA.	(a)	Sequence	of	

the	construct	of	NgHpuA-C	indicating	regions	of	secondary	structure	(cylinders	and	

arrows)	 and	 regions	 not	 visible	 in	 the	 electron	 density	 (dashes).	 (b)	 Crystal	

structure	 of	 NgHpuA-C	 (red)	 superposed	 with	 the	 equivalent	 region	 of	 KdHpuA	

(white).	 (c)	 Full	 length	model	 of	 NgHpuA	 composed	 from	 the	 crystal	 structure	 of	

NgHpuA-C	(red)	with	a	homology	model	of	the	N-terminal	sequence	(blue)	based	on	

the	KdHpuA	structure.		

191      200       210       220       230
etalskgkityqvwgirvrngqfvtssytppksgsyygtl
                           -------------

         240       250       260       270
antpvlsfitanfnsntlagkilgnsdygpdvdiqnatit
----
         280       290       300       310
gptfsgdatsggksgklegkffgkfastrssevsiggkit
                      ---------

         320       330       340
fdgdrsldtvfggvsyekklddtsqdtnhltkq
                                -                     

β12	 β13	

β16	 β17	 β18	

β20	 β23	

η4	 β24	

β19	

b c a 



	

Supplementary	 Figure	 3	 Comparison	 of	 KdHpuA	 with	 TbpB	 (pdb	 id	 3VE12),	

Factor	 H	 binding	 protein	 (2W803)	 and	 NhbA	 (2LFU4).	 Rainbow	 cartoon	

representations	 of	 HpuA	 (a),	 TbpB	 C-lobe	 (b),	 TbpB	N-lobe	 (c),	 Factor	 H	 binding	

protein	 (d)	 and	 NhbA	 (e)	 structures	 aligned	 according	 to	 secondary	 structure	

elements	 demonstrate	 the	 conserved	 fold.	 HpuA	 bound	 to	 Hb	 (f),	 TbpB	 N-lobe	

bound	to	transferrin	(g)	and	Factor	H	binding	protein	bound	(fHBP)	to	Factor	H	(h)	

are	colored	and	aligned	as	in	the	earlier	panels	to	demonstrate	the	different	binding	

interfaces	for	their	respective	ligands	(in	gray).	
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Supplementary	 Figure	 4	HpuA	binding	modeled	on	different	 forms	of	Hb.	 (a)	

The	 HpuA:Hb	 structure	 (cyan	 and	 gray)	 is	 superposed	 with	 an	 isolated		

deoxygenated	Hb	tetramer	structure	(2dn25)	revealing	no	clash	between	HpuA	and	

the	second	Hb	dimer.	(b)	A	similar	alignment	of	HpuA:Hb	onto	Hb:Hp	(4X0L6),	again	

revealing	no	clash	between	HpuA	and	 the	host	Hb	binding	protein.	 (c)	Zoomed	 in	

view	 of	 HpuA	 loop-1	 interacting	 with	 Hb	 (gray).	 The	 superposed	 structures	 of	

oxygenated	Hb	 (pink,	2dn15),	 deoxygenated	Hb	 (blue)	 and	Hp-bound	Hb	 (orange)	

reveal	 no	 significant	 movement	 of	 the	 HpuA-interacting	 residues.	 (d)	 and	 (e)	

respectively	 show	 similar	 detailed	 views	 of	 the	 loop-3	 and	 loop-5	 interacting	

regions.		
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Supplementary	Figure	5	Comparison	of	KdHpuA	and	Hb	(pdb	1bbb7)	structures	

alone	 (gray)	 and	 in	 the	 KdHpuA:Hb	 complex	 (cyan	 and	 red	 respectively).	 The	

movements	of	 loop-1,	 -3	and	 -5	of	KdHpuA	are	 indicated	by	black	dashes	and	 the	

side	chains	of	key	residues	are	shown	as	stick	representations.		

	

	

Supplementary	Figure	6	Comparison	of	the	loop	containing	the	Cys-Cys	motif	of	

HpuA	and	TbpB.	(a)	Close	up	of	loop-2	of	KdHpuA	(cyan),	in	complex	with	Hb	(dark	

red).	(b)	The	equivalent	region	of	TbpB	C-lobe	showing	the	disulfide	formed	in	the	

Cys-Cys	motif	(pdb	id	3VE22).	
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Supplementary	Figure	7	The	quaternary	structure	of	Hb	in	complex	with	HpuA	

is	the	R2	state.	Superposition	of	HpuA:Hb	structure	(white	and	gray)	on	Hb	in	the	T-

state	(white	and	blue,	pdb	id	2dn25),	R	state	(white	and	orange,	pdb	id	2dn15)	and	

R2	 state	 (white	 and	 red,	 pdb	 id	 1bbb7).	 In	 both	 panels,	 one	 superposed	 α/β	 Hb	

dimer	of	each	structure	is	shown	in	white.	(a)	Overall	tetrameric	structures	shown	

as	 ribbon	 representation,	 the	 2nd	 half	 of	 the	 Hb	 tetramer	 in	 complex	 with	 HpuA	

(gray)	aligns	well	with	the	R2	state	tetramer	(red).	(b)	Zoomed	view	of	the	‘switch’	

region	of	 the	same	superposed	structures.	Stick	representations	are	shown	of	side	

chains	important	for	the	‘switch’.	
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Supplementary	Figure	8	 Input	samples	from	pull	down	experiments	shown	in	

Figure	5.	The	position	of	molecular	weight	markers	are	shown	to	the	right	of	each	

gel	slice.	

	

	

Supplementary	Figure	9	Proton	NMR	spectra	of	KdHpuA	and	NgHpuA	proteins.	

(a)	Methyl	region	of	proton	NMR	spectra	of	wild	type,	Δloop-1,	Δloop-2	and	Δloop-5	

KdHpuA	proteins.	 (b)	Methyl	 region	of	proton	NMR	spectra	of	wild	 type,	Δloop-1,	

Δloop-2	and	Δloop-4	NgHpuA	proteins.	
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Supplementary	Figure	10	Raw	data	from	ITC	experiments.	(a)	Hb	titrated	into	

KdHpuA,	 (b)	 KdHpuA	 titrated	 into	 Hb	 and	 (c)	 KdHpuA	 titrated	 into	 Hb:Hp.	 Each	

chart	shows	the	experimental	injections	in	blue	and	the	control	injections	in	red.	
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Supplementary	 Figure	 11	 Model	 of	 KdHpuA	 (cyan)	 associated	 with	 the	

membrane	and	bound	to	Hb	(gray)	and	Hp	(orange).	The	proposed	position	of	HpuB	

ready	to	import	the	heme	from	Hb-β	is	shown	as	a	blue	cylinder.	
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Supplementary	Table	1		Interactions	between	KdHpuA	and	Hb	
	
	

HpuA	 Hb	 Distance	 Type*	
Loop-1	 Ser58	 β	Thr12	 2.8	 vdw	
	 Tyr60	 β	Trp15	 3.6	 vdw	
	

	
β	Ser72	 3.8	 vdw	

	
	

β	Val20	 3.3	 vdw	
	

	
β	Ala76	 3.5	 vdw	

	 Ile61	 β	Leu75	 3.4	 vdw	
	

	
β	Thr12	 3.7	 vdw	

	 Leu64	 β	Thr12	 3.8	 vdw	
	 Leu66	 β	Thr12	 3.8	 vdw	
	

	
β	Ser9	 3.7	 vdw	

Loop-2	 Ser94	 β	Lys61	 2.5	 H-bond	
	 Ser95	 β	Gly56	 3.4	 vdw	
Loop-3	 Asn122	 β	Lys17	 3.8	 vdw	
	 Gln123	 β	Lys17	 3.4	 vdw	
	

	
β	Gly16	 3.4	 vdw	

	
	

β	Val18	 3.6	 vdw	
	 Thr124	 β	Lys17	 3.1	 H-bond	
	

	
β	His117	 3.7	 vdw	

	
	

β	Val23	 3.6	 vdw	
	

	
β	Asn19	 3.2	 H-bond	

	
	

β	Phe118	 3.6	 vdw	
	 Ser125	 β	His117	 3.4	 vdw	
	 Thr126	 β	Glu26	 3.8	 vdw	
	

	
β	His117	 3.6	 vdw	

Loop-5	 Phe271	 α	Glu23	 3.6	 vdw	
	

	
α	Glu27	 4.0	 vdw	

	
	

α	His112	 3.3	 vdw	
	

	
α	Tyr24	 3.7	 vdw	

	
	

α	His20	 3.6	 vdw	
	 Tyr272	 β	Pro124	 3.4	 vdw	
	

	
β	Thr123	 3.9	 vdw	

	
	

β	Pro125	 3.4	 vdw	
	

	
α	Glu30	 3.3	 vdw	

	
	

α	His50	 3.7	 H-bond	
	 Ser273	 α	Glu23	 2.9	 H-bond	
	 Thr275	 α	Glu23	 2.5	 H-bond	
	 Glu277	 α	His112	 2.7	 Salt	bridge	
	

	
α	His20	 3.8	 H-bond	

*	vdw	=	van	der	Waal’s	interaction,	H-bond	=	hydrogen	bond	
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