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>> INTRODUCTION >> MATERIALS AND METHODS

BACKGROUND. The emergence of bacteria MoOLECULAR DYNAMICS. IsdB and methemoglobin structures (PDB IDs 5vmm and

resistant to last resort antibiotics is respon- 3p5q, respectively)
sible for more than 700,000 annual deaths were retrieved from |
and to respond to this emerging threat, new RCSB Protein Data . ¥ METHEMOGLOBIN (Hb) 1 ps
therapies are urgently needed. Methicil- Bank (www.rcsb. Gk
in-Resistant Staphylococcus aureus (MRSA) org). The complex
nas been prioritized as the most threaten- was then parame-
ing multidrug resistant Gram+ (1). trized with Amber

\>_/

_ o —® COMPLEX (sdB-Hb) 600 ns
The Isd Family. MRSA expresses Iron-regulated Surface 995SB-ILDN force fIE|C|, ?L.;
Determinants (Isd) proteins to bind human hemoglobin (Hb), while the TIP3P model 7
extract the heme and degrade it to seize iron, which is es- was used for solvatin =
sential for bacterial growth and virulence. Among Isd pro- 5 \
teins, IsdB and IsdH are responsible for hemoglobin captur- the System. % Y601A COMPLEX
ing and heme mining. To date, however, the mechanism of | L o | = (IsdB-Hb) 550 ns
heme extraction has not been completely understood. n\{estlgatlng the complex. ¢ . > J
. This scheme summarizes sev- O N, K. ©
eral MD experiments that were R ~Met emoglobin E DEPROTONATED
carrlec_l out to test the dynamic T ; (Hb) | V601 COMPLEX
S S R ESULTS evolution of the Isdb_—Hb com- —a <dB-Hb
plex. All the simulations were | lsdB"? (Is )

performed with GROMACS
4.6.5 (www.gromacs.org). The

system was firstly minimized q HEMOPHORE (IsdB) 1 ps
and then equilibrated through o

seven steps, from O to 300 -
K. The simulations were per-
formed in the NVT ensemble.

" METHEMOGLOBIN (Hb) 1ps | [ COMPLEX (IsdB-Hb) 600 ns A

V/IRTUAL SCREENING. The structures of methe-
moglobin (PDB ID: 3p5qg) and methemoglobin-hapto-
globin complex (PDB ID: 4X0L) were submitted to Mo-
lecular 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.moleculardiscov-
ery.org). The best scored compounds were submitted ~ Binding site selection. The hemophore

. . (green) and the methemoglobin (red) are
tO mO|ECU|ar dOCklng, and the mOSt promISIHg Ones shown in cartoon representation.The pock-

Essential dynamics. The 1 ps methgmpglobin and the 600ns IsdB-Hb complex were analysed by means of Essential Dynamic; (ED) were chosen acco ’ding to their docking score as well et depicted in grey was chosen as the bind-
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 _ _ o . ing site for the V/S: this surface is indeed es-
methemoglobin, even if the binding of IsdB in this simulation does not involve the beta chain. The trajectories were filtered along the as for their pose, their capablllt\/ to establish H bonds sential for the hernophore to recognize and
first, the second and the third eigenvectors (shown in blue, green and red, respectively). and their chemica diVEI’Sit\/. Details are provided b\/ bind hemoglobin.
Emerging Fhelixdisruption.Asinthecrys-  *[ ' ' T the f0||0W|ﬂ8 flowchart.
tal structure of the IsdB-Hb complex the F s : \ ~ ~
helix of hemoglobin appears completely un- )
folded, the structure of this helix was mon- 1,527,715 STRUCTURE-BASED DOCKING AND SCORING
itored along the MD production. In this line 4 MOLECULES DATABASE o VIRTUAL SCREENING (CHEMPLP)
plot, the number of H bonds is quantified for > [ (ZINC) 3
each frame (red line for IsdB-Hb complex o[ ioo °, L GOLD and CHEMPLP. The
600 ns, black line for methemoglobin 1 ps). J b ® % @ docking poses were calculated
Averages clearly shows how the number of = OH% > 49 » with the GOLD genetic algori-
H bonds intra-backbone is higher for F he- s S g & | thm: the CHEMPLP fitness fun-
lix in methemoglobin 1 ps (green line) than 0 200 4$Taime'm§;gn ~ B0 000 ‘GLLO,OOO CANDIDATES e iT ° ' » 0.0 et.. ction was chosen for the sco-
for F helix in IsdB-Hb complex 600 ns (blue | ring, as it is generally considered
line). \ Quadruplets. For each Ihgand’ the most predictive among all
- ; S the GRID algorithm implemen- the fitness scoring functions.
5 33 SR lecular Interaction Fields (MIFs):
8 o ¢ Sy, - then, the hot-spots (i.e. mini-
& g L3 s mum energy points) are ex-
LTl SE&EC;EI\:I)DTI\?EEEFLS tracted and gathered in combi-
'_ . .
Hydrogen bonds. During the production, several H NP, DEFINITION nat|.on of qgadruplets to prowde
bonds formed at the IsdB-Hb interface, revealing a | UnfoldedF helixinlsdB- _ a fingerprint for each ligand.
pattern of contacts which is crucial for hemoglobin re- F helix after 1 pssim-  F helix after 600 ns Hb x-ray structure \_ 3 "
cognition and binding. ulation without IsdB.  simulation with IsdB. (PDB ID: 5vmm). I
N | 8
>> PERSPECTIVES X-RAY CRYSTAL E
STRUCTURES =
gv}
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0.2 02- Methemoglobin Docking poses. In this picture,
PDB ID: 3p5qg four poses generated for the
O S E38E088S SoT e et SosnatT oo posos ex0 Same “gand show gOOd dgree-
T 5 g T 3 & @ b ment: the higher is the agree-
e b ipie: o : : | | mentamongthe poses, themore
In vitro inhibition assays and experimental. All the compounds se- Dynamic docking and steered molecular dyna- reliable is the docking prediction.
lected by the virtual screening procedure were submitted to an ELI- mics. These simulations will provide detailed in-
SA assay: in this test, the activity threshold was fixed at or below formation about the heme path from hemoglobin
0.4. These panels show the results of the inhibition assays on Oxy- to IsdB™. This image shows an alignment among MIFs. In this image, the H a
Hb-Y165A IsdB (left) and on MetHb-Y165A IsdB (right). In particular, the starting minimized structure for the dyna- bond donor (blue), H bond ac- 34 SELECTED
compound C8 showed the best activity: the synthesis and the activi- mics (green), the cristal structure Svmm (yellow) Haptoglobin-hemoglobin ceptor (red) and hydropho- CANDIDATES FOR o
ty validation of compound 8 are currently ongoing. Meanwhile, SAXS and d frame.of one dynamic docking replica Igﬂagen— complex bic (vellow) MIFs of a ligand are IN VITRO ESSAYS
WAXS experiments are being carried out for further clarifying the structure ta) and finally the crystal structure of IsdB"™ (cyan) PDB ID: 4XOL Y shown in  wire representation./ K

and the stoichiometry of the complex.

>> AKNOWLEDGEMENTS >> REFERCENCES

We aknowledge the Compagnia di San Paolo for funding the project “New antimicrobials to starve superbugs” and the Centro di (1) [http:/www.who.int/medicines/areas/rational _use/PPLreport_2017_09_19.pdf?ua=1]
Competenza sul Calcolo Scientifico (C3S) of the University of Turin for providing computational time and resources.



