.* $BioinfoGRID

Bioinformatics Grid Application for life science

Information Society
and Media

Comparative ligand binding of
Neuraminidase structures

Luciano Milanesi
Institute for Biomedical Technology

National Research Council

1 ~

r | -~
Information Society

and Media

Luciano Milanesi



Structure of the Influenza A virus
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The outer shell of the influenza A virus is composed of a lipid bilayer with inserted
proteins:

the function of Hemagglutinin (HA) is to attach the virus to a host cell

Neuraminidase (NA) is involved in facilitating the release of newly produced virus
particles from the host cell

M1 protein has multiple regulatory functions during the infectious cycle
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Replication cycle of influenza virus
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Attachment: the virus binds the
receptors on the surface of the host cell
utilizing the HA

Endocytosis: after the binding, the
particle is internalised into endosomes

Fusion and uncoating events: are
pH dependent, resulting in the release
of the viral genome into the cytoplasm,
the VRNPs are then imported into the
nucleus for replication

Protein synthesis: Viral messenger
RNAs (mMRNAS) are exported out of the
nucleus into the cytoplasm for protein
synthesis

Budding: progeny viruses come
together and bud from the plasma
membrane
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Neuraminidase activity
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The hemagglutinin binds the sialic acid of the receptor localized on the surface of
the host cell

The interaction hemagglutinin-sialic acid receptor interferes with the release of the
progeny influenza virus from infected host cells

The neuraminidase cleaves the sialic acid substrate of the host cell receptor

This cleavage releases the viruses, which can now infect new cells
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Neuraminidase inhibitors
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Neuraminidase inhibitors (NAIs) interfere with the release of the progeny influenza
virus from the infected host cell

Potent Neuraminidase inhibitors fitting into the active site pocket prevent the

neuraminidase activity and interfere with the release of progeny influenza virus from
infected host cells

The neuraminidase viruses is considered a valid target for antiviral drugs
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Neuraminidase subtypes
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At present, two distinct groups of Neuraminidase are known:
group 1 includes subtypes N1, N4, N5 and N8
group 2 containig the subtypes N2, N3, N6, N7 and N9

\

\ Pylogenetic tree of the neuraminidase of
NS \ influenza A group 1 (green) and group 2
Ng (yellow)
N1
N4

The design of neuraminidase inhibitors is based on the structure of group 2,
assuming that the overall charactheristics of the active site were conserved
among the subtype.
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X-ray structures for Neuraminidase of group 1
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Oseltamivr

loop adjacent to the active site can be detected, depending on ligand concentration.
The loop is in the open conformation in the apo-form or at low ligand concentration,
that forms a large cavity near the active site (green structure)

High ligand concentration induces a conformational change of loop 150, that closes up
the cavity on the ligand (red structure)
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Structures of Neuraminidase subtypes
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Group-1 Group-2
neuwraminidase neuraminidase

150-loop

In group 1 the loop is in the open conformation (apo-form and in low ligand
concentration)
In group 2 the loop is in the closed conformation
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We have screened, by docking simulation, a large set of compounds in

the open and closed conformation of N1 neuraminidase

The purpose of these studies is to compare the relative binding mode
of the set within the two structures and to identify binders and functional

groups of ligands that make contacts with the key residues in the open

form
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Ligand Dataset
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The dataset used for the screening contains:

49 known inhibitors

1746 decoy molecules designed in order to match the physical properties of specific
ligands for the neuraminidase in the closed form (pdb code 1a4q)
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Target Structures for screening
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The target structures for the screening were:
Neuraminidase N1 subtype in open (pdb code 2HUO) and closed conformation
(pdb code 2HUA4)
pdb code 1A4G (Neuraminidase of influenza B in closed conformation) as
control ~
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Docking protocol
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The docking experiments were performed with Autodock 3.05

Lamarckian Genetic Algorithm:

: : 50 Run
Population size: 150

Mutation rate: 0.02 Grid points: 60 x 60 x 40

Crossover rate: 0.8 grid points spacing: 0.375 A
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Distributed approach
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Due to the high computational load needed to screen a ligand library
against a set of mutated proteins, a high throughput approach can be

very useful to reduce the simulation time

The implementation of the protein domain analysis consists in creating
an efficient system to coordinate the jobs submission, to check the

computation status and to collect the results
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Relational database
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The whole simulation challenge infrastrutture relies on a relational

database management system

The input section of the database consists in a couple of tables that
store structural information about both the ligands and the proteins

iInvolved in the simulation

The output section organizes output data in order to collect

Information about the best poses of each simulation
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Submission
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Another important section the of database is related to the job

coordination on the grid platform

Using a specific tool, called vnas, it is possibile to monitor the status
of the job, and retrieve the results when a job is correctely finished or

resubmit it again in case of failure

In this context the relational database plays a crucial role in keeping

track of the status of each grid job
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Post processing
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An important issue for docking screening in

grid is the post process analysis of the results —
that can be computationally very expensive [y

We face this problem when performing both

the parsing of the output results and the request

storage of the data in the output database

y
|

directly from the distributed computational

resource

For each simulation the results have been
filtered and only the docking poses with an
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stored in the database

Using this approach for each docking simulation we stored a number of hits
because the best poses can be different from the top ranked by the docking
software
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User Interface Web site
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In order to make results rapidly accessible a web interface has been developed on

the top of the output database
It allows the user to browse docking
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For each result it is pOSS|bIe to | 555885 | 13700 |4591827|| 45 || 788 |[22 | 788 | 1 |lcoordiante|Histogram| e |
. | 555884 || 13700 |asots27|| 44 || 791 |[ 7 || 791 || 1 |lcoordiante|Histogram|  mfe |
555883 || 13700 |l4591827|| 43 || 802 |47 || -802 | 1 [lcoordiante|Histogram| into
download the coordinate of the docked
|igand in order to perform further | 555882 | 13709 |4591827]| 42 || -8.04 || 3 || -804 | 1 |lcoordiante|Histogram]  info |
analysis
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Scatter plot of Docking Energy
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From this analysis, we observed that the tested ligands bind the open and
closed conformation with comparable docking energies

The scatter plot reveals that a o
large number of ligands lie along
the diagonal

Few points are found above
and below the diagonal
corresponding to the compounds
that bind preferentially to the
open and closed conformation,
respectively 1 e ” ’
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Docking energy of the whole dataset with the open (2huO) versus closed
(2hu4) conformation of N1. NAls are in red and decoys in green
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Enrichment analysis

The ranking of ligands has been found to be different in the two structures
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The top 5% of the docked
ligands was enriched with
25% of NAls in the
closed (2hu4)
18% of NAls in the open
form (2hu0)

This suggested the possibility that the active site in the open and

closed conformations have different binding properties
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Binders selection

BioinfoGRID

With the aim to explore the specific binding properties, a more detailed

analysis of the contact interactions was performed on a selected set of

the binders showing energy values lower than substrate, sialic acid

193 binders for the
open form (2hu0)

594 binders for the
closed form (2hu4)
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Interaction analysis
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The interaction with two high polar regions of the active site:
acid pocket: Glul19, Asp151, Glu227
basic pocket: Arg118, Arg292, Arg371

are indispensable to the binding

affinity of a POTENT neuraminidase :
inhibitor h

Connoly surface electrostatic
potential distribution of
neuraminidase.

Acid (negative potential) in red
Basic (positive potential) in blue
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Interaction analysis
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The interaction with 150-loop and Arg156, at the base of the 150 cavity, are
markers of cavity filling binders in the open conformation
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Interaction analysis
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An automatic procedure was set up to calculate the interactions for the
selected docking complexes using Ligplot and to withdraw the subgroup
of ligands establishing specific interactions with:

acid pocket: Glu119, Asp151, Glu227

basic pocket: Arg118, Arg292, Arg371

150-loop: resid 147-152

Arg156
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Conclusion - Work In progress
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The analysis performed identified:
56 binders, all of them belonging to the group of decoys
None of the known inhibitors established interactions with the loop

4 NAls and sialic acid establish Hbond with Arg156

Structural analysis is in progress to identify the functional groups of
the ligands that form key interactions with the subsites (acid and
basic pockets, 150-loop and Argl56) of the binding site of

neuraminidase in the open conformation
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