
 The emergence of bacteria resistant to last resort antibiotics is responsible for more than 700,000 annual deaths and to respond to this emerging threat, new therapies are urgently needed. Methicillin-Resistant 
Staphylococcus aureus (MRSA) has been prioritized as the most threatening multidrug resistant Gram+ (1). 

> >  I n t r o d u c t i o n > >  M a t e r i a l s  a n d  m e t h o d s

	  Virtual screening to find inhibitors. The structures of methemoglobin (PDB ID: 3p5q) and 
methemoglobin-haptoglobin complex (PDB ID: 4X0L) were submitted to Molecular Dynamics for 
a more accurate conformational sampling (see the protocol in the previous section). The virtual 
screening campaign was carried out with FLAP (Fingerprint for Ligand and proteins), developed 
by Molecular Discovery Ldt. (www.moleculardiscovery.org). Details  are  provided  by the following 
flowchart.

> >  R e s u l t s
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	   IsdB-Hb Complex. The upstream process of hemoglobin 
binding is performed by hemophores IsdB and IsdH: in this im-
age, the Hb (red) - hemophore (green) complex is shown. In par-
ticular, IsdBN1 domain binds Hb, while in IsdBN2 the heme transfer 
occurs. Interfering with the recognition site (grey) can be an ef-
fective strategy to design a new class of antimicrobials.

	   Molecular dynamics to investigate the complex. IsdB and methemoglobin structures (PDB 
IDs 5vmm and 3p5q, respectively) were retrieved from RCSB Protein Data Bank (www.rcsb.
org). The complex was then parametrized with Amber 99SB-ILDN force field, and solvated with 
TIP3P model. All the simulations were performed with GROMACS 4.6.5. The following scheme sum-
marizes several MD experiments that were carried out to test the dynamic evolution of the IsdB-Hb 
complex.

> >  P e r s p e c t i v e s

> >  A k n o w l e d g e m e n t s

	   Essential dynamics. The 1 μs methemoglobin and the 600ns IsdB-Hb complex were analysed by 
means of Essential Dynamics (ED) with GROMACS 4.6.5 to extract the principal vectors of motion. It can 
be clearly seen how IsdB can affect both alpha and beta chains of methemoglobin, even if the binding of 
IsdB in this simulation does not involve the beta chain. The trajectories were filtered along the first, the 
second and the third eigenvectors (shown in blue, green and red, respectively).

	  Hydrogen bonds. During 
the production, several H bonds 
formed at the IsdB-Hb interfa-
ce, revealing a pattern of con-
tacts which is crucial for hemo-
globin recognition and binding.
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	  Dynamic docking and stee-
red molecular dynamics. These 
simulations will provide detai-
led information about the heme 
path from hemoglobin to IsdBN2. 
This image shows an alignment 
among the starting minimi-
zed structure for the dynami-
cs (green), the cristal structu-
re 5vmm (yellow), a frame of 
one dynamic docking replica 
(magenta) and finally the cry-
stal structure of IsdBN2 (cyan). 
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Quadruplets. For each ligand, 
the GRID algorithm implemen-
ted in FLAP calculates the Mo-
lecular Interaction Fields (MIFs): 
then, the hot-spots (i.e. mini-
mum energy points) are ex-
tracted and gathered in combi-
nation of quadruplets to provide  
a fingerprint for each ligand.    

MIFs. In this image, the H 
bond donor (blue), H bond ac-
ceptor (red) and hydropho-
bic (yellow) MIFs of a ligand are 
shown in wire representation.

GOLD and CHEMPLP. The  
docking poses were calculated 
with the GOLD genetic algori-
thm: the CHEMPLP fitness fun-
ction was chosen for the sco-
ring, as it is generally considered 
the most predictive among all 
the fitness scoring functions.       

Docking poses. In this picture, 
four poses generated for the 
same ligand show good agree-
ment: the higher is the agree-
ment among the poses, the more 
reliable is the docking prediction.

Methemoglobin

Haptoglobin-hemoglobin 
complex

> >  R e f e r c e n c e s
(1) [http://www.who.int/medicines/areas/rational_use/PPLreport_2017_09_19.pdf?ua=1]

COMPLEX (IsdB-Hb) 600 ns METHEMOGLOBIN (Hb) 1 μs

F helix after 1 μs 
simulation without IsdB.

F helix after 600 ns 
simulation with IsdB.

Unfolded F helix in IsdB-Hb 
x-ray structure 

(PDB ID: 5vmm).

	   Emerging F helix disruption. As in the crystal structure of the IsdB-Hb complex the F helix of 
hemoglobin appears completely unfolded, the structure of this helix was monitored along the MD pro-
duction. In this line plot, the number of H bonds is quantified for each frame (red line for IsdB-Hb com-
plex 600 ns, black line for methemoglobin 1 μs). Averages clearly show how the number of H bonds 
intra-backbone is higher for F helix in methemoglobin 1 μs (green line) than for F helix in IsdB-Hb com-
plex 600 ns (blue line).
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> >  B a c k g r o u n d

> >  A im  s
> Give a mechanicistic insight on the heme extraction process;
> Design a first-in-class antimicrobial to disrupt the hemophore-hemoglobin complex, 
cutting down the iron supply, on which bacterial survival relies completely.

Investigating and Disrupting the Interaction between 
Hemoglobin and MRSA Hemophores: In Silico Approaches to 

Design Novel Antimicrobials

>> Partnerships & Aff i l iat ions

	 The Isd Family.   Iron is an essential nutrient 
for all organisms, MRSA included. Iron-reg-
ulated Surface Determinants (Isd) proteins, 
also called hemophores, safeguard  the iron 
supply: the Isd-mediated pathway starts 
with  heme extraction from human hemo-
globin (Hb) until intracellular heme degrada-
tion, which will provide free iron for the bac-
teria. 

IsdBN2

IsdBN1

Hemoglobin

IsdBN1 IsdHN1Hemoglobin

IsdA
IsdE

IsdFCytoplasm

Cell Membrane

Cell Wall

IsdBN2 IsdHN2

IsdGIsdI

IsdC

Free Iron

	    Heme extraction. Detail 
of Y601 and Y605 contract-
ing polar interactions with the 
propionates of the heme group 
(measures in ångström).

IsdBN1-N2

IsdBN1-Hb Interface

IsdBN2-Hb Interface

IsdBN1-N2 - Hb 
(F Helix) Interface


