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Molecular Basis of R294K Mutation Effects of H7N9
Neuraminidases with Drugs and cyclic peptides: An in Silico and

Received 00th January 20xx,

Experimental Study

Yeng-Tseng Wang®®", Lea-Yea Chuang®and Chi-Yu Lu’

In China, the recent outbreak of the new R294K H7N9 influenza has infected 134 people and killed 45 people since January
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2014. Prof. Gaoet al. reported that a R294K neuraminidase (Shanghai N9: R294K mutation; Anhui N9: no R294K mutation)

results in multi-drug resistance with extreme oseltamivir resistance (over 100 000-fold). Herein, we report the findings of
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molecular simulations and computational alanine-scanning mutagenesis for the cyclic peptide | with the neuraminidases of
the Shanghai N9 and Anhui N9. A. Our results suggest that the cyclic peptide | can inhibit the Shanghai N9 and Anhui N9

influenza A virus neuraminidase. This peptide can provide the efficient binding affinities to Shanghai N9 neither by the five
residues (Arg119, 1le277, Lys294, Arg372 and Tyr406) mutations nor by the 13 residues (Vall117, GIn137, Thr149, Hiel51,
Asp152, Serl54, lle224, Asn296, Asn347, Asn348, lle429, Pro433 and Lys434) analyzed by binding mode analysis. However,
the four residues (lle150, Arg153, GIn155 and Argl57) can obviously affect the binding interactions among the cyclic

peptide.

1. Introduction

Influenza A virus contains two major surface glycoproteins,
neuraminidase (NA) and hemagglutinin (HA). The balance of
HA and NA activities has been considered to be critical for
infectivity and transmissibility.(reference?)
H7N9 is a strain of influenza A virus and normally circulates
amongst avian populations with some variants known to
occasionally infect humans. In China, the recent outbreak of
the new R294K H7N9 has infected 134 people and killed 45
people since January 2014. Prof. Gao et al. reported that a
R294K neuraminidase (Shanghai N9: R294K mutation; Anhui
N9: no R294K mutation) results in multi-drug resistance with
extreme oseltamivir resistance (over 100 000-fold).1 The
transfer function (AGbind = -RT In(IC50) ) is used to transfer
the IC50 values to the experimental binding free energies
(AGbind) values. For oseltamivir (G39), the AGbind of wild type
of neuraminidase (Anhui N9) is equal to -12.91 kcal/mol (IC50=
0.79 nM), and the AGbind of R294K mutation neuraminidase
(Shanghai N9) is equal to -5.20 kcal/mol (IC50= 214770 nM).
For zanamivir (ZMR), the AGbind of wild type of neuraminidase
(Anhui N9) is equal to -13.31 kcal/mol (IC50= 0.41 nM), and
the AGbind of R294K mutation neuraminidase (Shanghai N9) is
equal to -10.10 kcal/mol (IC50= 75.7 nM). For peramivir (BCZ),
the AGbind of wild type of neuraminidase (Anhui N9) is equal

influenza virus
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to -13.33 kcal/mol (IC50= 0.40 nM), and the AGbind of R294K
mutation neuraminidase (Shanghai N9) is equal to -12.91
kcal/mol (IC50= 0.79 nM). The calculated binding affinities
(AGbind) of BCZ, G39 and ZMR inhibitors are very close to the
experimental data (Table 3-4 and the calculation of binding
affinities (AGbind) of BCZ, G39 and ZMR inhibitors are listed in
supporting information).Therefore, we used the experimental
data of BCZ, G39 and ZMR inhibitors to compare with the
N9/cyclic peptides complex systems. Although the zanamivir
and peramivir still can inhibit the Shanghai N9, the antiviral
activity has been lost in oseltamivir. Thus the new antivirus
drugs must therefore be developed.

The neuraminidase is to cleave the terminal linkage of the
sialic acid receptor, which results in the release of the progeny
virions from the infected host cells. In addition, neuraminidase
plays an important role in facilitating the early process of the
infection of lung epithelial cells by the influenza virus.2
Because of its essential role in influenza virus replication and
its highly conserved active sites, neuraminidase has been an
attractive target for the development of novel anti-influenza
drugs.3-10 Neuraminidase has been grouped into nine
different subtypes (N1-N9) based upon antigenicity.11
Additionally, neuraminidase is further classified into two
groups: group 1 (N1, N4, N5 and N8) and group 2 (N2, N3, N6,
N7 and N9), based upon primary sequence. This R294K
neuraminidase of the 2013 H7N9 influenza A virus (Shanghai
N9) has also been reported that five residues (Argl19, lle277,
Lys294, Arg372 and Tyrd406) are the key residues for drug-
neuraminidase binding.1

Peptides can bind with exquisite specificity to their in vivo
targets, resulting in exceptionally high potencies of action and
relatively few off-target side effects. This high degree of
selectivity in their interactions is the product of millions of
years of evolutionary selection for complementary shapes and
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sizes from among a huge array of structural and functional
diversity. Peptides can be fine-tuned to interact specifically
with biological targets, such as potent endogenous hormones,
growth factors, neurotransmitters, immunologic agents and
signaling molecules. Although peptides have many valuable
applications in medicine, so far peptide synthesis still has been
severely limited by high clearance, poor
permeability, low systemic stability and high costs of
manufacture. Recently, more than 100 peptide drugs have

membrane

already reached the market, such as oxytocin (8 residues),
calcitonin (32 residues, hypercalcemia, osteoporosis),
teriparatide (34 residues, parathyroid hormone analog,
osteoporosis) and enfuvirtide (36 residues, enfuvirtide,
antiretroviral).12-15 Cyclic peptides are polypeptide chains
wherein the amino termini and carboxyl termini, amino
termini and side chain, carboxyl termini and side chain, or side
chain and side chain are linked with a covalent bond that
generates the ring. A number of cyclic peptides have been
discovered in nature and many cyclic peptides have been
synthesized in the laboratory. Cyclic peptides have several
applications in medicine and biology. Recently, a cyclic peptide
(Table 1; USA patent: US20130261048) has been reported to
efficiently inhibit the neuraminidases of Influenza A or B virus.
Thus the objective of our research is to discover novel drugs
for Shanghai N9 by using cyclic peptides as neuraminidase
inhibitors.  Alanine-scanning mutagenesis is an useful
technique in the determination of the catalytic or functional
sites of protein residues.16 Since alanine amino residue does
not alter the main-chain conformation nor does it impose
extreme electrostatic or steric effects, the
substitution residue of choice. Sometimes bulky amino acids

alanine is

such as phenylalanine or tyrosine are used in cases where
conservation of the size of mutated residues is needed. This
technique can also be used to determine whether the side
chain of a specific residue plays a significant role in bioactivity.
Computational alanine-scanning  mutagenesis
developed from bioinformatics and molecular mechanics can
predict important of protein-small compounds
interactions. As a computational method, the computational

methods
residues
alanine-scanning mutagenesis method17 can predict the

important protein-small compounds
interactions.18 Here the SIE (solvated interaction energies)17

residues in

alanine-scanning mutagenesis method was performed for
validating the drug-resistance issue of the Shanghai N9 R294K
H7N9 influenza A virus neuraminidase. In the present study,
the Shanghai N9 and Anhui N9 with the cyclic peptide | were
studied with molecular dynamics (MD) simulations, binding
free energy calculations. The Shanghai N9 with the cyclic
peptide was analyzed by computational alanine-scanning
mutagenesis calculations. Our simulations are to gain further
insight into the binding interactions between Shanghai N9 and
the cyclic peptide.

2| J. Name., 2012, 00, 1-3

Table 1. Cyclic peptide

Number of cyclic peptide Amino sequence in one-letter or drug

name

CGQRETPEGAEAKPWYC

2. Results and discussion

2.1 Binding modes of Shanghai N9
neuraminidase with the cyclic peptide.
In comparison, the cyclic peptide | have different binding

influenza A virus

modes with the Shanghai N9 influenza A virus neuraminidase
and the analysis of our simulations is shown in Table 2-3 and
Figure S1. The overall results of our simulations and the X-ray
crystal informationl, 19 suggest that Arg153, Asn347, Argl19,
Arg372, Hiel51, Lys294, Asp152, Asn348 and Asn347 can form
hydrogen bonds with the R294K H7N9 neuraminidase. The
Asn200, Asn348, 1le150, Aspl52, Argll9, Lys434, Hiel51,
Pro433, Ile429, and lle224 can form the non-bonding
interactions with the R294K H7N9
comparing with our results (most frequent residues in Table 2-
3 and Figure S1) and the recent reportl, the 22 residues
(Valll7, Argl19, GIn137, Thr149, llel50, Hiel51, Aspl52,
Argl53, Serl54, GInl155, Argl57, lle224, Ile277, Lys294,
Asn296, Asn347, Asn348, Arg372, Tyr406, Ile429, Pro433 and
Lys434) are subjected to be key residues for Shanghai N9. This
R294K neuraminidase of the 2013 H7N9 influenza A virus
(Shanghai N9) has also been reported that five residues
(Arg119, lle277, Lys294, Arg372 and Tyr406) are the binding
key residues for drug-neuraminidase binding.1 The Table 2-3
show that the cyclic peptide can interact with these binding
key residues for drug-neuraminidase binding.1

neuraminidase. In

Table 2. Analysis of the binding modes of the cyclic peptide | with the shanghai N9
neuraminidase

Number of cyclic peptide Hydrogen bonding Non-bonding

| GIn155, Asn347,
Asn348, Arg372,
Argl153, lle150,
Argl57, GIn137

1le224, Asn296,
Lys294, Tyr406,
Pro433, Hiel51,
Lys434, 1le429,
Argl19, Thr149,
Ser154, Vall17,
Aspl152

This journal is © The Royal Society of Chemistry 20xx
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Table 3. The detail binding information of the cyclic peptide | with the shanghai N9

neuraminidase

Number of residue Hydrogen bonding
(cyclic peptide 1)

Non-bonding

Cysl Null

Gly2 Null

GIn3 Null

Argd Null

Glu5 GIn155*
Thré Null

Pro7 Glul37, Argl57
Glu8 Argl57%, lle150
Gly9 Null
Alal0 Null
Glull Argl53
Alal2 Null
Lys13 Null
Prol4 Null
Trpl5 Asn347
Tyrlée Null
Cys17 Null

Ans296, lle224
null
null
Asp152
lle224
Hiel51, Asp152
Hiel51, Asp152
Hiel51, Pro433,
Thr149, Ser154
Pro433, Arg119
Pro433
Hiel51, Lys294,
Asn296
Tyr4d06
Asn348
Null
Null
Hiel51, Lys294,
Asn296
Hiel51

*two hydrogen bonds

2.2 Binding free energy of Shanghai N9 and Anhui N9
influenza A virus neuraminidase with the cyclic peptide I.

The binding free energy of each drug was obtained from the
900 ns MD simulation and the SIE method, with both
processes using the same parameters. All the results are listed
in Table 4-5 and Figure 1. For Shanghai N9, the binding free
energies of the cyclic peptides | is -8.26 + 0.29 kcal/mol,
respectively. For Anhui N9, the binding free energies of the
cyclic peptides | is -8.24 +0.53 kcal/mol, respectively. In
comparison with our simulation and experimental binding free
energies of the three drugs (G39, ZMR and BCZ), the cyclic
peptide | may provide the efficient binding affinities with
Anhui N9 and Shanghai N9 influenza A virus neuraminidase.
The SIE calculations are shown in Table 4-5.

Table 4. Binding free energies of the cyclic peptide/BZC/G39/ZMR with Shanghai N9 influenza A virus neuraminidase

Number of Inter vdW Inter Coulomb Reaction Field Cavity Constant Predicting Experimental
cyclic peptide AGBinding AGBinding
(kcal/mol) (kcal/mol)
| -90.05+1.03 -90.94+1.86 156.34 +1.33 -26.68 +0.36 -2.89 -8.26 +0.33 -8.56*
BCZ -36.70 £2.31 -135.21+4.20 90.28 +3.07 -8.16+0.17 -2.89 -11.35+0.23 -12.911
G39 -21.03+1.41 -97.16 +3.81 98.59 +3.02 -6.79 £0.07 -2.89 -5.65+0.28 -5.201
ZMR -30.15 + 1.07 -110.31 +3.02 83.54 £2.47 -6.53 +0.07 -2.89 -9.74 +0.16 -10.101

*our experimental result

Table 5. Binding free energies of the cyclic peptide/BZC/G39/ZMR with Anhui N9 influe

nza A virus neuraminidase

Number of Inter vdW Inter Coulomb Reaction Field Cavity Constant Predicting Experimental

cyclic peptide AGBinding AGBinding
(kcal/mol) (kcal/mol)

| -85.49 + -2.89 -8.24 +0.38 -8.75*

117 -86.18 £ 1.57 149.74 £+ 1.08 -29.19+0.38

BCz -33.68 £1.83 -141.75+3.81 86.56 +4.12 -7.87 £0.06 -2.89 -13.02 £0.37 -13.331

G39 -34.97 +2.74 -135.35 £ 4.57 83.82+2.71 -7.76 £0.17 -2.89 -12.75+0.31 -12.911

ZMR -30.23+2.13 -135.81 +2.96 81.81+3.18 -7.85+0.07 -2.89 -12.53+0.63 -13.311

*our experimental result

This journal is © The Royal Society of Chemistry 20xx
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2.3 Computational alanine-scanning mutagenesis
calculations of the binding modes of the cyclic peptide I
with Shanghai N9 influenza A virus neuraminidase.

The 22 residues (Valll7, Argll9, GIn137, Thr149, llel150,
Hiel51, Aspl52, Argl53, Serl54, GInl155, Argl57, lle224,
11e277, Lys294, Asn296, Asn347, Asn348, Arg372, Tyr406,
11e429, Pro433 and Lys434), which are analyzed by binding
mode analysis, were mutated to alanine for computational
alanine-scanning mutagenesis calculations. The binding free
energy of each drug was obtained from the 1000 ns MD
simulation and the SIE method, with both processes using the
same parameters. All the results are listed in Table S1 and
Figure 2. The computational alanine-scanning mutagenesis
calculations of the 4 residues (lle150, Argl53, GIn155 and
Argl57) can obviously affect the binding interactions among
the cyclic peptide. The AGdiff of 1le150, Argl53, GIn155 and
Argl57 are -1.03, -1.11, -1.01 and -1.85 kcal/mol, respectively.
The mutation of 1le1l50 caused a net reduction in hydrogen
bonding and the inter coulomb/VWD interactions loss
(coulomb interaction: -90.94 + 1.86 to -87.17 + 2.75; VWD
interaction: -90.05 +1.86 to -82.64 + 1.48 kcal/mol). The
mutation of Argl53 caused a net reduction in hydrogen
bonding and the inter coulomb/VWD interactions loss
(coulomb interaction: -90.94 + 1.86 to -79.13 + 2.71; VWD
interaction: -90.05 +1.86 to -81.65 + 1.47 kcal/mol). The
mutation of GIn155 caused a net reduction in hydrogen
bonding and the inter coulomb/VWD interactions loss
(coulomb interaction: -90.94 + 1.86 to -84.14 + 2.72; VWD
interaction: -90.05 +1.86 to -84.32 + 1.47 kcal/mol). The
mutation of Argl57 caused three net reductions in hydrogen
bonding and the inter coulomb/VWD interactions loss
(coulomb interaction: -90.94 + 1.86 to -71.54 + 2.51; VWD
interaction: -90.05 *1.86 to -87.32 * 1.11 kcal/mol). In
comparison with Table S1 and Figure 2, the differences in the
binding free energy (AGp;s) of the residue mutations of lle150,
Argl53, GIn155 and Argl57 could affect the binding
interactions among the cyclic peptide I.

2.4 Neuraminidase enzyme assay.

For Shanghai N9 and Anhui N9, the IC50 values of the cyclic
peptide | are 910 and 670 nM, respectively. The transfer
function (AGbind = -RT In(IC50) ) is used to transfer the IC50
values to the experimental binding free energies (AGbind)
values. For Shanghai N9/cyclic peptide I, the AGbind is equal to
-8.56 kcal/mol. For Anhui N9/cyclic peptide I, the AGbind is
equal to -8.75 kcal/mol. Although the IC50 values of the cyclic
peptide are great than the IC50 values of the ZMR and BCZ
drugs, the IC50 values of the cyclic peptide are less than the
IC50 values of G39 (Shanghai N9). We suggest the cyclic
peptide can be potential drugs for Shanghai N9 and Anhui N9
influenza A virus disease treatment.

This journal is © The Royal Society of Chemistry 20xx

3. Materials and Methods

3.1 3D
neuraminidases.

structures design of cyclic peptide | and
The cyclic peptides structure was generate by Discovery Studio
visualizer. Then the cyclic peptide was subjected to optimzie
the 3D structures with VEGA ZZ software.? Initial cyclic
peptides/ neuraminidase (PDB ID: 4MXS for Shanghai N9; PDB
ID: 4AMWQ for Anhui N9) complex structures were generated
by Autodock vina software. Autodock vina is a fast and

accurate way to dock drugs into fixed protein binding sites,

utilizing NNscore 2.0** and several types of genetic algorithms.

Four thousand conformations were obtained from docking for
the cyclic peptide and then scored by NNscore function. The
conformations of the best NNscores were then selected for
subsequent MD simulations and solvated interaction energies
(binding free energies) Figure 3 shows the
overview of Shanghai N9/cyclic peptide | complex structure.

calculations.

Cyclic peptide |

Y CAS \\ Amino sequence: CGQRETPEGAEAKPWYC

Figure 3. Overview of shanghai N9/cyclic peptide | complex structure. The
Shanghai N9 is shown in the cartoon model (colored in orange-yellow) and
the cyclic peptide I is shown in the ball-stick model (colored in red).

3.2 Computational and
neuraminidases.

Our models were then calculated with the AMBER 14
(pmemd.cuda)21'23 package using the AMBER ff12SB all-

hydrogen amino acid parameter.24 Each complex was solvated

models of the cyclic peptide |

in TIP3P* water using a truncated hexahedron periodic box
extending at least 10 A from the complex. Nearly 10000 water
molecules were added to solvate the complex, with the resulting
box size nearly 80.21 x 82.71 x 90.12 A®. All MD simulations
were performed in the canonical ensemble with a simulation
temperature of 310 K, unless stated otherwise, by using the
Verlet integrator with an integration time step of 0.002 ps and
SHAKE constraints?® of all covalent bonds involving hydrogen
atoms. In the electrostatic interactions, atom-based truncation
was performed using the PME?’ method, and the switch van

J. Name., 2013, 00, 1-3 | 6
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der Waals function was used with a 2.00 nm cutoff for atom-
pair lists. The complex structure was minimized for 100,000
conjugate gradient steps, and was then subjected to a 1000 ns
isothermal, constant volume MD simulation. Moreover, the
final structures from these simulations were used in the
solvated interaction energies (SIE) calculations, and were used
to analyze the binding modes of the cyclic peptides with
Shanghai N9. The important residues of our results (binding
mode analysis from Shanghai N9) and the 22 residues (Vall17,
Argl19, GIn137, Thr149, Ile150, Hiel51, Asp152, Argl53,
Serl54, GIn155, Argl57, lle224, 1le277, Lys294, Asn296,
Asn347, Asn348, Arg372, Tyr406, |le429, Pro433 and Lys434)
were  subjected to computational  alanine-scanning
mutagenesis. Figure 4-5 of the complex structures (both Anhui
and Shanghai N9/cyclic peptide 1/G39/ZMR/BCZ) were
equilibrated at 100 ns. Each of the complex structure was
sampled 900 ns (99000 snapshots) for binding free energies
(SIE) calculations. The snapshots of Shanghai N9/cyclic peptide
| were subjected to computational alanine-scanning
mutagenesis calculations. Our models with the three drugs
were then simulated with the AMBER package using the
AMBER FF12SB all-hydrogen amino acid and general amber
force field (GAFF) parameters. The geometries of the three
compounds were fully optimized and their electrostatic
potentials were obtained using single-point calculation, both
at the Hatree-Fock level with the 6-31G(d,p) basis set using the
GAUSSIAN 09 program. Subsequently, their partial charges
were obtained with the restrained electrostatic potential
(RESP) procedure using Antechamber. The initial structures are
shanghai N9 (PDB ID: 4AMWW for G39; 4AMWX for ZMR; 4MWO
for BCZ) and Anhui N9 complex structures (PDB ID: 4AMWQ for
G39; 4MWR for ZMR; 4MWV for BCZ). Then these complex
structures were inserted into the TIP3P water box. All MD
simulations were performed in the canonical ensemble with a
simulation temperature of 310 K, unless stated otherwise, by
using the Verlet integrator with an integration time step of
0.002 ps and SHAKE constraints of all covalent bonds involving
hydrogen atoms. In the electrostatic interactions, atom-based
truncation was performed using the PME method, and the
switch van der Waals function was used with a 2.00 nm cutoff
for atom-pair lists. The complex structure was minimized for
100,000 conjugate gradient steps, and was then subjected to a
1000 ns isothermal, constant volume MD simulation. The final
structures from these simulations were used in the solvated
interaction energies (SIE) calculations.

This journal is © The Royal Society of Chemistry 20xx
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3.3 Solvated interaction energies (SIE) method and

computational alanine-scanning mutagenesis.

Our binding free energy calculations were performed by the

SIE method. The SIE method is a kind of linear interaction
28-30

energy (LIE) approach.

protein-ligand free energy is written as:

The SIEY function to estimate

AGhind(pﬂDin’a77/’Cv):ax[Ec(Dilz)+A }ﬁnd(p’Din)
+Evdw +;AZ 4S/‘(p)]+c (1)
where E and E.. are the intermolecular Coulomb and van

der Waals interaction energies in the bound state, respectively.

These values were calculated using the AMBER molecular
mechanics force field (FF99SB) with an optimized dielectric
constant. AG,,, is the change in the reaction field energy
between the bound and free states and is calculated by solving
the Poisson equation with the boundary element method
program, BRI BEM31, and using a molecular surface generated
with a variable-radius solvent probe.32 The AMSA term is the
change in the molecular surface area upon binding. The
following parameters are calibrated by fitting to the absolute
binding free energies for a set of 99 protein—ligand complexes:
AMBER van der Waals radii linear scaling coefficient (p), the
solute interior dielectric constant (Din), the molecular surface
area coefficient (y), the global proportionality coefficient
related to the loss of configurational entropy upon binding (a),
and a constant (C).28 The optimized values of these parameters
are a=0.1048, Din=2.25, p=1.1, y=0.0129 kcal/(mol 0.1nm2),
and C=-2.89 kcal/mol. The 14 key residues from binding
modes analyze were mutated to alanine for computational
alanine-scanning mutagenesis calculations. These mutated
complex structures then were sampled with 1000 ns MD
simulations. Moreover, the final structures from these
simulations were used in the SIE calculations. The SIE and
computational alanine-scanning mutagenesis
were carried out with the sietraj program.17

calculations

3.4 Neuraminidase enzyme assay protocol.33

A standard fluorometric enzyme assay** is adapted to measure
neuraminidase activity. Producer cell lysates will be transfected
with representative neuraminidase constructs are added to
neuraminidase fluorogenic substrate 2’-(4-methylumbelliferyl-
Nacetylneuraminic acid (4-MUNANA; Sigma) to a final
concentration of 100 pmol/L. The reactions will be carried out
in 50 pL of 33 mmol/L MES (pH 6.5) containing 4 mmol/L
CaCl2 in 96-well black Optiplates (BD Biosciences). A titration
of cyclic peptides will be added to the reaction mixtures and
then incubated in a 37 °C water bath for 1 hour. The reactions
will be terminated by adding 150 pL stop solution containing
0.5 mol/L NaOH (pH 10.7) and 25% ethanol. The fluorescence
of released 4-methylumbelliferone will be measured using a
spectrophotometer (PerkinElmer). The excitation wavelength
will be set at 355 nm, and the emission wavelength will be set
at 460 nm. Samples will be done in triplicate and the
experiments repeated at least three times. The Shanghai N9 and

8| J. Name., 2012, 00, 1-3

Anhui N9 are obtained from Sino Biological Inc. The ICsg
value is calculated by Sigmaplot software.

Conclusions

Cyclic peptides are an unusual class of compounds which are
first discovered from microorganisms, due to their broad
biological activities, such as antimicrobial, antiviral,
immunosuppressive, and antitumor activities. Cyclic peptides
are undergoing very active investigation as potential new
sources of drugs and antibiotics. They are much more resistant
to proteases than a linear peptide chain. This resistance to
proteolysis means that they tend to survive the human
digestive process. They can also bind proteins in the cell where
traditional drugs cannot.* The N- to C-terminal cyclic peptides
can provide the important principles and strategies that clearly
resonate within the world of bioactive peptides and peptide
toxins. The ability to transform peptide biologics into stable
and orally active constituents represents a major
pharmacological achievement. Cyclic peptide drug leads have
gained the attention of the pharmaceutical industry. In this
article, we used Autodock vina program, Tip3 water solvent
model, MD simulations techniques, computational alanine-
scanning mutagenesis method and the SIE method to predict
the binding affinities in which peramivir (BCZ), oseltamivir
(G39), zanamivir (ZMR) and the cyclic peptide | interact with
the Shanghai N9 and Anhui N9 influenza A Vvirus
neuraminidases. The calculation binding affinities (AGbind) of
the cyclic peptide I, BCZ, G39 and ZMR inhibitors are very close
to the experimental data. From our SIE binding free energies
simulations results, the cyclic peptide can can be potential
drugs for Shanghai N9 and Anhui N9 influenza A virus disease
treatment. For validating the drug-resistance issue, we
performed the computational alanine-scanning mutagenesis
simulation to study the binding affinities of the cyclic peptide |
to Shanghai N9 neuraminidases. The cyclic peptide | can
provide the efficient binding affinities to Shanghai N9 neither
by the five residues (Argll9, lle277, Lys294, Arg372 and
Tyr406) mutations® nor by the 13 residues (Valll7, GIn137,
Thr149, Hiel51, Aspl52, Serl54, lle224, Asn296, Asn347,
Asn348, lle429, Pro433 and Lys434) analyzed by binding mode
analysis. But the four residues (lle150, Argl53, GIn155 and
Argl57) can obviously affect the binding interactions among
the cyclic peptide. In comparing with the three drugs (BCZ, G39
and ZMR), the IC50 values of the cyclic peptide are greater
than the IC50 values of the ZMR and BCZ drugs. The IC50
values of the cyclic peptide are less than the IC50 values of
G39 (Shanghai N9). Therefore, our approach theoretically
suggests that the cyclic peptide | potential to inhibit the
Shanghai N9 and Anhui N9 influenza A virus neuraminidase.

This journal is © The Royal Society of Chemistry 20xx
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