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Abstract: In the context of the recent pandemic threat by the worldwide spread
of H5N1 avian influenza, novel insights into the mechanism of ligand binding
and interaction between various inhibitors (zanamivir — ZMV, oseltamivir — OTV,
2,3-didehydro-2-deoxy-N-acetylneuraminic acid — DANA, peramivir — PMV)
and neuraminidases (NA) are of vital importance for the structure-based design
of new anti-viral drugs. To address this issue, three-dimensional models of
H5N1-NA and N9-NA were generated by homology modeling. Traditional re-
sidues within the active site throughout the family of NA protein structures
were found to be highly conserved in H5N1-NA. A subtle variation between
lipophilic and hydrophilic environments in HSN1-NA with respect to N9-NA
was observed, thus shedding more light on the high resistance of some H5N1
strains to various NA inhibitors. Based on these models, an ArgusLab4/AScore
flexible docking study was performed. The conformational differences between
OTV bound to H5N1-NA and OTV bound to N9-NA were structurally identi-
fied and quantified. A slight difference of less than 1 kcal mol! between the
OTV-N9 and OTV-N1 binding free energies is in agreement with the experi-
mentally predicted free energy difference. The conformational differences be-
tween ZMV and OTV bound to either HEN1-NA or N9-NA were structurally
identified. The binding free energies of the ZMV complexes, being slightly
higher than those of OTV, are not in agreement with what was previously pro-
posed using homology modeling. The differences between ZMV and OTV are
suggested to be ascribed to the presence/absence of Asn166 in the active cavity
of ZMV/OTV in H5N1-NA, and to the presence/absence of Serl65 in the bin-
ding site of ZMV/OTV in N9-NA. The charge distribution was evaluated using
the semi-empirical AM1 method. The trends of the AM1 charges of the ZMV
and OTV side chains in the complexes deviate from those previously reported.
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INTRODUCTION

Due to the recent pandemic threat by the worldwide spread of H5N1 avian
influenza, the World Health Organization has shown its profound concern regar-
ding the possibility of an imminent spread of the virus among humans. Reports
about the resistance of the virus to two approved anti-influenza drugs (OTV - Ta-
miflu, ZMV - Relenza, Fig. 1), which target the neuraminidase (NA) enzymes of
the virus, as well as the lack of an adequate vaccine have raised the urgent
question of developing new anti-viral drugs.l Even though influenza virus NA
has hitherto been structurally well studied, the structure of HSN1-NA offers new
opportunities for drug design.2
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Fig. 1. The chemical structures of DANA, zanamivir, oseltamivir and peramivir.

Computational methods, such as homology modeling and flexible docking,
have been identified as viable partner to experiment in the structure-based design
of more potent H5N1-NA inhibitors.3-6 Due to some controversy between the
experimentally and computationally predicted susceptibilities of OTV to N1 and
N9,” a deeper understanding of the mechanism of ligand binding and interaction
between commercial drugs and NAs is currently indispensable. To place the con-
troversy on a more rational ground, NA structural models of a quite satisfactory
stereochemical quality have been herein employed to provide several novel in-
sights into the binding of ZMV and OTV to HSN1-NA and N9-NA.

EXPERIMENTAL
Homology modeling of HSN1-NA and N9-NA

Comparative modeling is a quite useful means of predicting unknown 3D protein struc-
tures by both starting from a known primary structure and relying on known 3D structures of
homologous proteins. Sequentially related proteins are assumed to adopt similar conforma
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tions, atomic positions in homologous regions are borrowed from known protein structures,
while non-homologous portions are predicted in various ways, including potential energy mi-
nimization, molecular dynamics and simulated annealing. Two most convenient criteria for
similarity are: a) an identity of at least 25 % for a sequence size > 100 amino acids and b) an
expectation (E) < 104, which gives the likelihood that similarities are due to chance. The NA
protein, containing 449 amino acids from the highly pathogenic chicken H5N1 A viruses iso-
lated during the 2003-2004 influenza outbreaks in Japan (Accession No. Q5H895) was chosen
to be modeled.8 The sequence of N9-NA (Accession No. Q84070), which contains 470 amino
acids, was also selected for modeling.® Swiss-Model, an automated comparative modeling ap-
proach accessible via the ExPASy web server, was employed for the prediction of 3D NA
structures.1 The H5N1-NA model (Fig. 2) was based on the template with a resolution of 2.5
A (PDB ID: 2htyG),2 while the N9-NA model was based on the template crystal structure
having a 1.4 A resolution (PDB ID: 1f8dA).1! The two crystal structures were identified as the
best templates in terms of both sequence identity and E value. To drive the generated coordi-
nates toward optimal geometry, energy minimization on the constructed structures was perfor-
med using the Newton subroutine within the Tinker suite of programs, known as the Software
Tools for Molecular Design running under the Windows operating system.12 Running the mo-
deling tools was facilitated by Force Field Explorer 4.2, a graphical user interface to Tinker.13
The Amber force field parameter set (amber99.prm), as implemented in the Tinker distribu-
tion, was used.!* The Newton algorithm is usually the best choice for minimizations to the
0.01 to 0.000001 kcal mol-t AL level of root-mean-square (rms) gradient convergence. The
0.0001 criterion was chosen in the computations. To evaluate the stereochemical quality of the
optimized protein structures by considering their G-factors, the final structures were analyzed
by the Procheck program.1516 The G-factor provides a measure of how “normal”, or alternati-
vely how “unusual”, a given stereochemical property is. In Procheck, both various combina-
tions of torsion angles and covalent geometry are computed taking into account the main-chain
bond lengths and the main-chain bond angles. The G-factor is a score based on the observed

Fig. 2. A cartoon representation of
the 3D-structural model of H5N1 su-
perimposed on the 2htyG template
and complexed with oseltamivir. The
model is colored in red, the template
is given in green, and the ligand is ren-
dered in space-filling representation.
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distributions of these stereochemical parameters. When applied to a given residue, a low G-fac-
tor indicates that the property corresponds to a low-probability conformation. For example, re-
sidues falling in the disallowed regions of the Ramachandran plot will have a low (or very
negative) G-factor. Ideally, the scores should be above —0.5. Values below —1.0 may need in-
vestigation. For the H5N1-NA and N9-NA optimized models, the estimated G factors were
-0.5 and -0.48, respectively. Figures shown in this article were generated by PyMol.17 Figure
2 shows that the generated model and the template structure of HSN1-NA overlap nicely to a
great extent, except in the loop regions due to the sequence alignment.

ArgusLab4/AScore/ShapeDock flexible docking

The docking problem is conceivable as a complicated optimization or an exhaustive search
problem involving many degrees of freedom. Hence, the development of efficient docking
algorithms would be of vital importance for the design of new drugs. The ultimate goal is to
find the optimal ligand/protein configurations and accurately as well as consistently predict their
binding free energy without relying on formal statistical mechanics approaches. To compu-
tationally accomplish the key objective within a reasonable time framework, an empirical sco-
ring function (AScore) and a docking engine (ShapeDock) were developed in the ArgusLab
4.0 program.18

The AScore is based on the deconvolution of the total protein—ligand binding free energy
into several distinct components:

AGpinding = AGygw *+ AGhydrophobic + AGH-bond + AGH-bond(chg) + AGdeformation + AGg (1)

The dissected terms account for the van der Waals interaction between the ligand and the pro-
tein, the hydrophobic effect, the hydrogen bonding between the ligand and the protein, the hy-
drogen bonding involving charged donor and/or acceptor groups, the deformation effect, and
the effects of the translational and rotational entropy loss in the binding process, respectively.
The intra-ligand van der Waals energy is also included in the overall vdW term. These con-
tributions can be conveniently written as the following products: AGyqw = CygwxvdW,
AGhygrophobic = ChydrophobicXHP, AGH-pond = Cri-bond*HB, AGH.pond(chg) = Ch-bond(chgy*HB(chg),
AGgeformation = Crotor<RT and AGq = Ciegression- Each of the contributions possesses a specific
regression coefficient multiplying a term that has a clear physical meaning. Investigating the re-
gression coefficients enables more profound insights into the receptor—ligand binding process.

The ShapeDock docking engine approximates a complicated search problem. Flexible
ligand docking is available by describing the ligand as a torsion tree. Groups of bonded atoms
that do not have rotatable bonds are nodes, while torsions are connections between the nodes.
The topology of a torsion tree is a determinative factor influencing efficient docking. A balan-
ced tree with a large central node is presumably the favorite case. Two grids, overlaying the
binding site, distinguish grid points with respect to the free volume of the binding site. A fine
grid is used to examine whether atoms of a pose fragment are inside or outside the binding
site, while a coarse grid is used to establish the search points inside the binding site. A set of
energetically favorable rotations is generated by placing the root node of a ligand on a search
point in the binding site. The torsion search of poses is defined by constructing torsions in
breadth-first order for each rotation. Of the surviving poses candidates, the N-lowest energy
poses (N usually 50-150) makes the final set of poses undergoing coarse minimization, re-clus-
tering and ranking. The AScore/ShapeDock docking protocol is fast, reproducible, and for-
mally explores all energy minima. To illustrate this standpoint, typical ShapeDock times for
ligands with 10-15 torsions are shorter than 30 s on a 2.4 GHz Pentium computer.
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RESULTS AND DISCUSSION

Based on different antigenic properties of various glycoprotein molecules,
influenza type A viruses are classified into the following subtypes: 16 for hae-
magglutinin (H1-H16) and 9 for neuraminidase (N1-N9). Two phylogenetically
distinct groups, group 1 (N1, N4, N5, N8) and group 2 (N2, N3, N6, N7, N9),
contain N1 and N2 NAs of viruses that currently circulate in humans. One of
such viruses is the H5N1 avian influenza, which is threatening a new pandemic.2
There have also been indications that inhibitor structure/activity relationships do
not apply across subtypes.19 To learn more on the subtle differences between the
active cavities of two subtypes, it is necessary to explore hydrophobic effects, as
they are a key factor underlying drug design.

Even though well-established residues in the active sites are highly con-
served across influenza A NA subtypes, NA inhibitors tend to show different af-
finities for two influenza subtypes, such as N1 and N9. The different activities
are presumably due to a small, but significant, difference between two lipophilic
environments. Thus, the lipophilic and hydrophilic surfaces of HSN1-NA and
N9-NA are shown in Fig. 3. Note a subtle variation between the lipophilic and
hydrophilic environments in HSN1-NA with respect to N9-NA. A partially lipo-
philic pocket containing Ala261 and Tyr262 in HSN1-NA is lined up by two hy-
drophilic residues, Asn265 and Asn266, in N9-NA. A partially hydrophilic pocket
containing Ser165 and Asnl166 in HSN1-NA is lined up with two lipophilic re-
sidues, Alal66 and Thrl67, in N9-NA. The particular mutations within the
H5N1-NA protein structure might be correlated with the high resistance to the
existing NA inhibitors.6 When inhibitor binding depends on either interactions
with non-essential active-site amino acids or active-site amino-acid reorientation,
the possibility of genomic H5N1 mutants escaping might increase.

(b)

Fig. 3. Lipophilic (green) and hydrophilic (blue) environments (residues) near
or in the active site of HSN1-NA (a) and N9-NA (b).
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A hydrophobic difference in the binding region of the glycerol side chain has
been proven to be particularly sensitive.20 To fundamentally understand the inhi-
bitory activity of ligands such as ZMV and DANA, it is important to focus on the
lipophilic and hydrophilic interactions between their glycerol side chains and the
active pockets. The glycerol side chain of both ZMV and DANA has three hydro-
philic hydroxyl groups and lipophilic carbons (C8 and C9) and can, therefore, be
viewed as a partially lipophilic group. The lipophilic pocket formed by Argl44,
Glul97 and Alal66 in the complex of N9-NA with ZMV and DANA is not pre-
sent in the complex of H5N1-NA with these two ligands.6 In ZMV/DANA-H5N1-
-NA, the glycerol group is tightly bound to Ser165 and Glu196 by the formation
of 4 hydrogen bonds, without being able to adapt itself to the changed lipophilic
environment.b In this respect, OTV, having an —O-R group instead of the gly-
cerol side chain, is quite a different inhibitor than either ZMV or DANA (Fig. 1).
The binding interactions of oseltamivir with the residues in the active site of
H5N1-NA and N9-NA are schematically shown in Fig. 4. It is well established
that two or three Arg residues surrounding the carboxylic group of a ligand,
which makes strong electrostatic interactions with these particular Arg residues,
are the predominant factor for orienting and stabilizing various inhibitors.21.22 |n
OTVI/N9-NA, there is only Arg37 in the immediate vicinity of the -COO~ group,
which makes an electrostatic interaction with the particular Arg residue. In con-
trast to this, note the two Arg residues (Arg36 and Arg74), in addition to Glu37,
in the immediate vicinity of the carboxylic group, which makes strong charge-
—charge interactions with each of the particular residues in OTV/H5N1-NA.
Therefore, the more stabilizing effect of the HSN1-NA binding site relative to the
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Fig. 4. The binding interactions (in A) of oseltamivir with the residues
in the active site of HSN1-NA (a) and N9-NA (b).
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N9-NA binding site on OTV is quite clear. This is in agreement with the binding
free energies, —6.63 and —7.47 kcal mol-1, of OTV docked into N9-NA and
H5N1-NA, respectively (Table I). A slight difference of less than 1 kcal mol-1
between the binding free energies of OTV-N9 and OTV-NL1 is in agreement with
the experimentally predicted free energy difference23 but significantly in contrast
to the computationally predicted lower susceptibility of OTV to N1 than to N9 by
about 6 kcal mol=1.7 Also, there are no differences between the net charges of the
OTV side chains in the complexes with HSN1-NA and N9-NA, as given in Table I.

TABLE I. The binding free energies and the AM1 net charges of the side chains of various
ligands in the complexes

AGri s Charge (e)
Model Ligand | P09 Amide/~OH  —NHside  Glycerol/ether/alkyl
side chain chain side chain
H5N1-NA  Zanamivir -6.80 +1 -17 -23
Oseltamivir  -7.47 -6 -17 -33
DANA -7.49 -3 -15 -7
Peramivir -7.82 -18 -15 -36
N9-NA Zanamivir -6.51 -19 -17 =21
Oseltamivir  —6.63 -6 -17 -33
Peramivir -7.23 -10 -17 -34
DANA -7.97 -3 -17 -25

Comparison of the efficacies of ZMV, OTV and PMV against N1 and N9
NAs was previously reported in the literature.23 The ranges of experimental 1Csq
(nm) values for N1-NA were 5.8-19.7 for ZMV, 36.1-53.2 for OTV and 2.6-3.4
for PMV, while those for N9-NA were 10.4-11.5 for ZMV, 9.5-17.7 for OTV
and 0.9-1.6 for PMV.23 The trend of the experimental 1Csq values for N9-NA is
in agreement with that of the calculated binding free energies (Table I). In con-
trast, the trend of the experimental 1Csg values for ZMV and OTV bound to N1-NA
slightly deviates from that of the binding free energies (Table I).

The —NHAc group of OTV makes only one polar contact with Glu197 in
N9-NA, while it makes two polar contacts with Arg70 and Glu196 in H5N1-NA
(Fig. 4). By focusing on the positions of the —O-R and —-NH> side chains of OTV
in N9-NA with respect to those in HEN1-NA, OTV docked into N9-NA is rotated
by 180° relative to that docked into HSN1-NA, thus enabling the —NH> group to
make two electrostatic interactions with Tyr262 and Tyr320 in H5SN1-NA (Fig. 4).
By noting the particular locations of Arg74, Arg70, and Glu37 in HSN1-NA relative
to those of Arg75, Arg71, and Glu38 in N9-NA (Fig. 4), the OTV flip in HSN1-NA
relative to N9-NA is also associated with active-site amino-acid reorientation.
While the —O-R group of OTV makes an electrostatic interaction with Tyr324 in
N9-NA, it does not make any contact with the active-site residues in HSN1-NA.
Since the —O-R group of OTV is capable of rotating around the single bond
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between the oxygen and alkyl chain R, it inclines to adapt itself and take a
comfortable position relative to its environment. In this context, noteworthy is the
structure of OTV docked into the active site of HSN1-NA (Fig. 5) and N9-NA
(Fig. 6), respectively. A pocket containing residues Argl44, Glul197, and Alal66
is present in the complex of N9-NA, while the pocket is spoiled in the complex
of H5N1-NA.
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Fig. 5. The structures of zanamivir (a) and oseltamivir (b) docked into the active site of HSN1-NA.
In the case of OTV, which has been much more widely used than ZMV, a
viable resistant influenza virus mutant has emerged.24 This oseltamivir resistant
virus remains sensitive to zanamivir, a drug derived from the naturally occurring
sialic acid NeuSAc with negligible additional functionalization.24 ZMV can also
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be viewed as an inhibitor derived from DANA,11 in which a hydroxyl group on
C4 is substituted by a guanidino group (Fig. 1). The binding of ZMV and DANA
to either HSN1-NA or N9-NA was considered to be very comparable in terms of
electrostatic interactions made with the NA active sites.6 By having a five-mem-
bered instead of a six-membered ring, peramivir is structurally different from ZMV,
DANA and OTV (Fig. 1). For all these reasons, it is interesting to quantitatively
compare the binding of the four inhibitors to HSN1-NA and N9-NA (Table I).
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The binding free energies of ZMV, OTV, DANA, and PMV docked into HSN1-NA
are —6.80, —7.47, —7.49 and —7.82 kcal mol-1, respectively. The binding free
energies of ZMV, OTV, PMV, and DANA docked into N9-NA are —6.51, —6.63,
—7.23 and —7.97 kcal mol-1, respectively. Note that all the inhibitor/HSN1-NA or
N9-NA binding free energies are similar to each other, i.e., within 1.00 or 1.45
kcal mol-1. Two previous observations,® based on a computational model of
H5N1-NA, that N1-ligand binding is less potent than N9-ligand binding and that
the binding free energies of the zanamivir—-N1/N9 complexes are lower than
those of the oseltamivir—-N1/N9 complexes, do not seem to hold fast herein (Table
1). The charge distribution was evaluated using the semi-empirical AM1 method.
The total net charges of the —NH side chain of ZMV, OTV, and DANA are al-
most equal (=17 €) in all the complexes. The total net charges, —23 and -21 e, of
the glycerol side chain of ZMV in the ZMV-N1/N9 complexes are less negative
than those of the ether side chain of OTV in the OTV-N1/N9 complexes (-33 e).
It is interesting to observe that the total net charge (-6 e) of the amide side chain
of OTV in OTV-NL1 is more negative than that (+1 e) of ZMV in ZMV-NL. In
contrast to this, the total net charge (-6 e) of the amide side chain of OTV in
OTV-N9 is less negative than that (-19 e) of ZMV in ZMV-N9. These trends of
the AML1 charges of the ZMV and OTV side chains in the complexes disagree
with those previously reported in the literature.> The present analysis indicates
that a major difference between ZMV/OTV bound to either HSN1-NA or N9-NA
is reflected through the net charges of their glycerol/ether and amide/amide side
chains. In addition, Table | indicates that a main difference between ZMV bound
to H5N1-NA and ZMV bound to N9-NA is reflected through the net charges of
the amide side chains of ZMV. This might indicate that potential modifications
of the ZMV amide side chain could lead towards the design of novel NA inhi-
bitors with a strong resemblance to the natural substrate sialic acid. Since the
oseltamivir resistant virus remains sensitive to zanamivir,1:24 maintaining a strong
resemblance to the natural substrate might reduce the possibility of developing
viable drug-resistant mutants.

An interesting question to be elucidated is: how does the previously establi-
shed, subtle variation between lipophilic and hydrophilic environments in HSN1-NA
with respect to N9-NA influence the binding of ZMV and OTV to H5N1-NA and
N9-NA? As shown in Fig. 3, the lipophilic Ala261 and Tyr262 (hydrophilic
Ser165 and Asnl166) in HSN1-NA complexed with OTV correspond to the hy-
drophilic Asn265 and Asn266 (lipophilic Alal66 and Thrl67) in N9-NA com-
plexed with OTV. Thus, the structures of zanamivir and oseltamivir docked into
the active sites of HSN1-NA and N9-NA are shown in Figs. 5 and 6, respect—
tively. Note the presence of Serl65 and Asnl166 in the HSN1-NA active site of
ZMV, while only Serl65 is present in the H5SN1-NA active site of OTV. By
focusing on the particular positions of Ser165 (Fig. 5), a clear reorientation of the
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H5N1-NA active site residues of OTV relative to those of ZMV may be ascribed
to both the presence/absence of Asnl66 in the active cavity of ZMV/OTV and
the —O-R side chain of OTV, which is able to rotate around the single O-R bond.
Note also the presence of Serl65 and Alal66 in the N9-NA active site of ZMV,
while only Alal66 is present in the N9-NA active site of OTV. By focusing on
the particular positions of Alal66 (Fig. 6), a clear reorientation of the N9-NA
active site residues of OTV relative to those of ZMV may be ascribed to both: the
presence/absence of Serl65 in the active cavity of ZMV/OTV and the —O-R side
chain of OTV, that is able to rotate around its single O-R bond.

CONCLUSION

Neuraminidases (NA) homology models of good stereochemical quality have
been shown to be a valuable means of revealing the secret associated with the
high resistance of some H5N1 strains to the commercial drugs ZMV and OTV.
Thus, subtle conformational differences underlying the binding of ZMV and OTV
to either HSN1-NA or N9-NA were detected. The conformational differrences
were shown to be more quantitatively reflected through the side chain charges of
ZMV and OTV than through the binding free energies of their complexes. In this
way, the previous experience that an oselatmivir-resistant virus remains sensitive
to zanamivir, a drug derived from the naturally occurring sialic acid NeuSAc with
slight functional modifications, was addressed. This might provide a more pro-
found impact on reducing the possibility of developing viable drug-resistant mutants.

SUPPLEMENT

Supplementary material (PDB files of the HSN1-NA and N9-NA structural
models) is available upon request to authors.
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U3BO

HOBU YBUJU VY MEXAHU3ME BE3UBABA OCEJITAMUBUPA 1 3AHAMUBUPA CA
HEYPAMUHUJA3AMA H5N1 1 N9 BUPYCA I'PUITIA: CTYANJA HA BA3U
XOMOJIOTHOI' MOJEJIMPABA Y1 MOJIEKYJIAPHOI' JOKMHI'A

MAPUJA JI. MUXAIOBURY 1 [IETAP M. MUTPALIMHOBUR2

Y\Paxyaitieiti 3a pusuuky xemujy, Ynusepauitieii y Beozpady, Citiydeniicku itipz 12—16, 11000 Beozpad u
Zl/lﬂcmuu?ylﬁ 30 My ATUOUCYUAAUHAPHA uctupaxcusarba, Knesa Buwecaasa 1, 11030 Beozpao

VY KOHTEKCTy HeJjaBHE ONAaCHOCTH O IIMpema Bupyca nruunjer rpuna HS5N1, HoBu yBumm y
MEXaHWU3ME Be3MBamba pa3nuuuTuX uaxuouropa (3anamuBup-ZMV, ocenramuup-OTV, DANA,
nepamuBup-PMV) ca meypamunngazama (NA) cy on BUTanHe BaKHOCTH 3a CTPYKTYPHO IU3ajHH-
pame HOBUX aHTHBHPYCHUX JieKoBa. [la Ou ce 00e30eq1Iu 0BH yBUH, TPOJAUMEH3UOHAIHH MOJEIN
Heypamuauaaza H5N1 u N9 cy reHepucanu IyTeM XOMOJIOTHOT MoOJeJoBama. TpaauifoHaHe
AMUHOKHCEJIHE KOje Cy NPUCYTHE Y BE3UMBHUM MeCTHMa Lielie GpaMuivje HeypaMHHHIa3a Cy Ta-
xohe xomzepeucane y HSN1. YcranosibeHa je cynTiHa BapHjanyja JUMOQIIHOT ¥ XHAPODUIHOT
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okpyxema y HSN1 y nmopehemy ca N9, unme ce naje gonmprHOC qajbeM pasjalimbey BUCOKE pe3uc-
ternuje Bupyca H5N1 Ha maxuOuTOpe HeypamuHHna3a. Ha 6a3u xoMoJorHux mojena ypaheH je
¢bnekcubunan goxkunr npumerom ArgusLab4/ASkor nporokona. Kordopmarmone pasiuke namehy
OTV Be3anor 3a HSN1-NA u Besanor 3a N9-NA cy cTpykTypHO HaeHTH(HKOBaHE U KBaHTH(HKO-
BaHe. Pasiika y Be3MBHOj cII0GOIHO] eHepriju, Koja je Mama ox 1 kcal mol™ 3a OTV-H5N1/N9-NA
KOMIUIEKCE, y CarJacHOCTH je ca eKCIIEpUMEHTAIHOM BpefHOoCTH u3 jauteparype. Takohe konpop-
Marmone paznuke mmehy ZMV u OTV Bezannx 3a HSN1-NA u N9-NA cy nanentudukosane. Be-
3WBHE CIIO0OIHE CHEPTHje 32 3aHAMUBUPOBE KOMILIEKCE KOje Cy HE3HATHO BUILE Y OJHOCY Ha BPEa-
HCTH 32 OCENTaMHUBHPOBE KOMIUIEKCE HUCY Y CarjlaCHOCTH €a NMPETXOJHUM BPEIHOCTHMA U3 JHTE-
patype Koje cy 6a3upaHe Ha XOMOJIOTHOM MojeioBamwy. [IpeuioxkeHo je na ce oe pasnuke usmehy
ZMV u OTV Mory 06jacHHTH IIPUCYCTBOM/O/ICYCTBOM aMHHOKHCceanHe ASN166 y Be3uBHOM MecTy
ZMV/OTV ca H5N1-NA, kao u npucycTBomM/ocycTBOM aMHHOKKCeNnHE Serl65 y Be3uBHOM Mec-
ty ZMV/OTV ca N9-NA. ductpubyuunja HaenekTpucama je MpOLCHheHa MPUMEHOM IOyEMITH-
pujckor AM1 merona. TpeHnOBM HaeneKTpUcama OOYHUX JIaHAIA 3aHAMUBUPA U OCEITaMHUBHPA Y
KOMIUIEKCHMA C€ Pa3JIUKYjy Of IPETXOIHO 00jaBJbeHNX TPEHIOBA.

(IMpumbero 2. anpuia, peuanpano 21. okrobpa 2008)
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