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Ion Channels as Antivirus Targets
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Abstract: Ion channels are membrane proteins that are found in a number of viruses and which are of crucial
physiological importance in the viral life cycle. They have one common feature in that their action mode involves
a change of electrochemical or proton gradient across the bilayer lipid membrane which modulates viral or
cellular activity. We will discuss a group of viral channel proteins that belong to the viroproin family, and which
participate in a number of viral functions including promoting the release of viral particles from cells. Blocking
these channel-forming proteins may be “lethal”, which can be a suitable and potential therapeutic strategy. In this
review we discuss seven ion channels of viruses which can lead serious infections in human beings: M2 of
influenza A, NB and BM2 of influenza B, CM2 of influenza C, Vpu of HIV-1, p7 of HCV and 2B of

picornaviruses.
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22,23, 25]

Ion channels control the flux of ions across the lipid channel has 97 amino acids for each subunit * .

membrane in an extremely sensitive and specific These subunits assemble into homo or hetero

[102]

manner In 1964, Hoffmann and colleagues oligomers, however most viarl ion channels are

discovered the first anti influenza agent, amantadine,
that target at the M2 proton channel !"*), which led to
an explosion in the number of identified virus ion
channels and subsequent antivirus drug research.

Viral genomes encode a number of short auxiliary
transmembrane subunits, which assemble into viral
ion channels. Most of subunits are small peptides of
about 100 amino acids which are just long enough to

span the lipid bilayer once, for example, the M2
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homo-oligomers, which form an internal water-filled
pores. These kinds of channels or pores allow small
molecules as well as ions such as protons and K
atoms to flux across the membrane, which may
modulate both viral and host cellular activity 21,

Since ion channel has important functions in the
virus life cycle, viral ion channels have become
potential and attractive targets for antiviral therapy.
This viral transmembrane protein has several unique
properties that also make it ideal for the development

of antivirals. In fact, scientists have proved that

inhibitors of viral ion channels are efficacious in

@ Springer



268

Virol. Sin. (2010) 25: 267-280

human infection, for example, antiviral drugs such as
amantadine and rimantadine can inhibit the M2

. 6,9, 41,42, 44, 47
channel of influenza A '*°

I However, one
of the hurdles in the rational design of viral ion
channel inhibitors is the lack of details about the ion
channel structure. For example, how do these subunits
assemble into homo or hetero oligomers and create the
water filled pores? What are their structures? How do
the ion channels gate and selectively function? And
how can we use channel-forming proteins for antiviral
therapy?

This review provides an overview of the current
research on viral ion channels that is guided to some
degree by the above questions. We mainly focus on
the ion channels of viruses which can lead to serious
infection in human beings and consider seven virus
ion channels: M2 of influenza A, NB and BM2 of
influenza B, CM2 of influenza C, Vpu of HIV-1, p7 of
HCYV and 2B of picornaviruses . These ion channels, a
group of proteins belonging to the viroproins family,
participate in viral functions including the promotion
of release of viral particles from cells *°. All these
proteins can enhance the passage of ions and small
molecules through membranes by variation of their

concentration gradient *°,

VIRAL ION CHANNEL FORMATION
AND GATING
The M2 channel is an essential component of the
influenza A virus infectivity cycle, which is a
homotetramer in its native state. M2 is encoded by a
spliced mRNA derived from segment 7, which has
two homodimers, each of the subunits containing 97
amino acids, that have their amino and carboxy

termini directed towards the outside and inside of the

@ Springer

38.86.88] There are 19 residues that

virion respectively |
cross the membrane region which located between 24
amino acid, an N-terminal extracellular domain and
54 amino acid, C-terminal intracellular domain 501
This homotetramer is composed of a pair of
disulfide-linked dimers or a disulfide-linked tetramer
[38.60-86] ‘The four TM domains of M2 are parallel to
each other and form a left hand supercoil (721 The M2
protein is posttranslationally modified by the
formation of a intermolecular disulfide bond at Cys-17
and Cys-19 and by palmitorylation through a thioether
linkage ©**. Pakmitylation works on Cys-50 to the
cytoplasmic tail ® %1 But a recent study discovered
that palmitorylation of the influenza A M2 channel is
not required for virus replication in vitro but partly
contributes to the virus virulence in vivo . The
structure of the TM segment is an a-helix. A model
for the raft has suggested that M2 has little associated
with it. M2 can be raft anchored with its cytoplasmic
domain because of palmitorylation site Cys-50. There
may be other enveloped viruses that could encode
such a protein with similar properties. Two possible
gating mechanisms of the M2 channel have been
proposed: (i) Gating. Electrostatic potential is involved
in the mechanism. In high pH gradient, the side chain
of residues His-37 on the four helices is in a fully
deprotonated state which is oriented towards the
lumen of the pore. However, in a low pH gradient, the
side chain of four residues His-37 in a fully protonated
state adopting interfacial position that does not exhibit
occlusion of the pore . (ii) Flipping. The nitrogens
in the ring are protonated by low pH. Because of the
energetic state of the two nitrogens, the side chain

flips around its Ca-Cp bond > ¢ In the the T™M

region, His-37 has been found to be involved in pH
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induced channel opening . High proton selectivity
is blunted by replacement of TM His-37 with Ala, Gly,
or Glu ¥ Also, when water was replaced by
deuterium oxide, a kinetic isotope effect was measured.
Thus it possible that protons either bind to the
histidine and are released or form short-lived proton
“wires” across the His-37 barrier (Table 1) %8,
Similarly, NB, BM2 is encoded by influenza B and
and CM2 is encoded by influenza C. These proteins
are type III integral small membrane proteins and their
channel protein subunits are all within a single
transmembrane helix that, as a tetramer, forms a
proton channel. They all have N-terminal extracellular
domain and C-terminal intracellular domain motifs.
The influenza B virus, like the influenza A virus, is
endocytosed and uncoating occurs after fusion of the
virion with the endosomal membrane ). Uncoating
of the virus requires a low pH step. BM2 has little
identity sequence compared with AM2, except for the
HxxxW signature sequence for a proton channel [(104]
Although they have low homology, the conductance is
similar. The only palmitorylation site, Cys-50, is not
present in BM2 . The BM2 has a unique helical
bundle which is purported to be a coiled coil, which is
requires the SxxSxxxS motif (Ser-19, Ser-12 and
Ser-16) "> '™ His-19 is supposed to serve as a
selectivity filter. It is possible that the filter
mechanism is just like M2 channel of influenza A
virus. Protons that flow from the acidic medium are
binding to the filter and finally released to the
opposite side of histidine residue and then into the
virion interior. A TM tryptophan residue is assumed to
serve as an activation gate that is closed while the

medium bathing the ectodomain is neutral or alkaline.

The recent findings with the BM2 channel of

influenza is assume that it is unlikely that NB channel
is an ion channel of influenza B virus that cause
acidification during uncoating. The NB protein is an
integral membrane protein of influenza B virus, that

19, 87 . .
% This protein once

contains 100 amino residues!
was thought to be an indispensable ion channel of the
virus, and was reconstituted and studied in bilayers.
Chizhmaknov and Lamb, and Pinto both proved that
the NB channel can exhibit selectivity for cation ions
such as Na" or H" " *"] but this protein does not
provide for acidification of oocytes.

The CM2 protein has many similar biochemical
properties compared to the influenza A virus M2 and
influenza B virus BM2 proteins, such as the Ny Ci,
membrane orientation, the size of the ectodomain, the
cytoplasmic tail and the formation of disulfide-liked
oligomers . It is also characterized as a tetrameric
integral membrane glycoprotein, and the helices are
tilted from the membrane by about p= (14.6 + 3.0) .
Residue Met-65 is supposed to occlude the putative

48, 87 Together, these channel

transmembrane pore
proteins from the three type of influenza constitute the
first-known members of the single-pass proton
channel family.

Virus protein “u” (Vpu) was discovered in the
mid-1980s by Cohen and Strebel, respectively, and
uniquely contributes to the virulence of HIV-1
infection of humans by enhancing the production and
release of progeny virus particles ' *¥1 The Vpu
protein, which contains 80 to 82 amino acids
(depending on the HIV-1 isolate) " 3 is of
amphipathic nature and consists of a hydrophobic
N-terminal membrane anchor proximal to a polar
C-terminal cytoplasmic domain, and it requires the

presence of lipids and water to adopt its native functional
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structure!'®. Two distinct domains of the Vpu allow it
to perform multiple biological functions such that it
can act as a channel and also interact with other
proteins. Oligomerization of the Vpu TM domain
results

in the formation of sequence specific

. . 2,61
cation-selective channels

1. Although the secondary
structure and tertiary fold of the cytoplasmic domain
of Vpu have been determined by a combination of
NMR, CD spectroscopy, and molecular dynamics

51, 99, 100 . .
(51, 99, ], the ion channel formation and

calculations
gating mechanism is still unclear.

The hepatitis C virus (HCV), a major human
pathogen associated with severe liver disease, and
encodes a small membrane protein designated p7.
The p7 polypeptide is composed of two long
hydrophobic transmembrane domain connected by a
conserved basic cytosolic loop ™. Two topologies for
monomeric p7 have been proposed: a double
membrane-spanning  hairpin  topology in the
endoplasmic reticulum with Its N and C-termini ends
both facing the interior of the endoplasmic reticulum

8, 63

lumen V'and an L-shaped form with the C-terminus

29, 43

facing the cytoplasm'® **!. Because of the secondary

structure prediction, it is proposed that the
transmembrane domain is an a-helix®. Patargias ef al.
and Clarke et al. proposed that in the heptameric
model of p7, the N-terminal helix lines the pore '™ 2.
Mutations in the cytosolic loop domain make the
channel deactivate “*. Modeling analysis indicates
that a His-17 residue would be a pore-facing residue,
which suggests that p7 may be sensitive to pH with

2 P . .
6 ]; it is a cation-selective

respect to its function
channel at normal pH with a measured conductance
between ~86 and ~100pS *Y. In the absence of

high resolution structure data, the channel formation

and gating mechanism of p7 is not clear but it is
necessary to establish which residues may line the
pore to help interpret low resolution electron
microscopy data.

Picornavirus proteins arise from a large polyprotein
precursor that is cleaved by viral proteases. The 2B
protein is one of the nonstructural proteins encoded by
enteroviruses such as poliovirus and coxsackie virus
(14591 In the 9 distinct genera of Picornaviruses, only
Coxsackievirus and Poliovirus 2B protein have been
proved that they both belong to viroporin family!" ' !>
21 2B is thought to consist of two hydrophobic
transmembrane stretches which spans the membrane
by means of an amphipathic helix ' *. Highly
conserved C-terminal TM domain reproduced the
capacity of the full 2B protein to efficiently
permeabilize bilayers made of anionic phospholipids.
Insertion into lipid monolayers and circular dichroism
determinations were consistent with penetration of the
TMI1 helix into anionic and zwitterionic membranes.
One of the TM domains is rich in lysine, a short linker
region followed by another TM domain " **.
Mutations of the hydrophilic residues within the short
linker region impair the multimerization and decrease
membrane permeability, while mutating the Try
residues toward the C-terminus of the second
transmembrane domain also allows abrogation of
membrane permeability without affecting mutimerization
[1.7.39.92.94] "In the carpet-like mechanism, one of the
TM domains lies on the surface of the membrane, and
the other one forms the pore. This mechanism allows
the permeation of molecules of a wide range of sizes.
Using fluorescence transfer

resonance energy

[53

microscopy and a two-hybrid system™, it has been

suggested that most of the 2B protein located in
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membrane regions oligomerize as dimers and
tetramers !'\. The 2B protein forms a pore which is 6A
in diameter !"! and allows the diffusion of molecules of
MW under 1 000 kDa. Additionally, ions and small
molecules can also pass through the pore. The ion
channel formation and gating mechanism is still

unclear.

ROLES IN THE LIFE CYCLE

The viral channels represent miniaturized channel
systems, which play an important role in the viral life
cycle.

The first line of evidence replicating the A/M2
protein in the acidification of the virion came from
experiments with amantadine, which inhibits the
“early” uncoating step in replication, this evidence has

. 36
been reviewed 1%

. In common with many other
envelope viruses, after attaching to the host cell
membrane, the influenza A viruses fuses with this
section membrane to form a vesicle or endosome that
only occurs in a narrow pH range from 5.0 to 5.5 (Fig.
1). When the His-37 senses the low pH in the
endosome, the M2 protein conducts protons into the
interior of the virion. Because of the lowering of the
pH, the conformation of the M1 and HA proteins
changes which eventually leads to the uncoating of the
viral genome. During the late stage of the infectious
cycle, the M2 protein is transcribed in the infected cell
and maintains a near-neutral pH in the Golgi, which
can make the HA protein adopted the high-pH
conformation which results in the assembly of functional

HA protein in the virion [84]

When ionophore
monensine catalyzes the exchange of Na' for H'
across membranes, the HA was inserted into the

plasma membrane in its high pH form, suggests that

@ Springer

the A/M2 protein and monensin both act to shunt the
pH gradient across the Golgi membrane *”). The BM2
ion channel from the influenza B virus and the CM2
ion channel from influenza C have a function similar
to that of the M2 ion channel in so far as uncoating the
virus at a low pH in order to allow dissociation of the
RNPs from the matrix protein *), but the pH
modulating activity of the CM2 protein is
substantially less than that of the M2 protein . The
CM2 protein forms a voltage-actived ion channel
permeable to CI but not to cation “”. Comparing the
electrophysiological properties, the BM2 ion channel
is similar to the M2 channel and the NB channel has
some features in common with the CM2 channel *°7),

Unlike the ion channels from the influenza virus, as
an accessory protein of HIV-1 Vpu presents two
distinctive biological functions in HIV-1 life cycle !,
Firstly, Vpu facilitates the budding of new virus
particles from infected cells surface; without an active
Vpu protein, newly formed virions accumulate in the
cells increasing cytotoxicity as a result [*¢ 2% 3% 101
This budding activity requires an intact TM a-helical
domain ). The presence of a transmembrane helical
domain from Vpu results in ion channel activity and
may also affect the virion budding process. The
cellular block to particle production in simian-human
heterokaryons is relieved by the expression of Vpu 7.
These maybe means that a new host cell restriction of
HIV replication is that is present in human cells and
overcome by Vpu . But the molecular mechanism
by which Vpu facilitates virion release remains unclear
54 Second, Vpu also enhances the degradation of
CD4 in the endoplasmic reticulum that an activity

associated with interactions between the cytoplasmic

domains of Vpu and CD4 ¥ ' Because of the absence
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of Vpu, processing of gpl60 to form the gp41l and

gpl20 polypeptides is impaired since stable

complexes with CD4 in the endoplasmic reticulum of

infected cells ["®

. Thus, Vpu indirectly regulated
processing of gpl160 in the trans-Golgi compartment
into the gpl20 and gp4l proteins needed for the
assembly of infectious virus particles. To a lesser
extent, enhancement of virion particle release is both
dependent on the two highly conserved serine residues
(Ser52 and Ser56) in the cytoplasmic domain which
can be phosophorylated by caseine kinase-2 (Table 1)
[37. 193] ' The N-terminal transmembrane helix, which
serves as a membrane anchor, is required to regulation
virus secretion, most likely by formation of an ion
channel . These two functions of Vpu occur in
separate subcellular location!” '],

Hepatitis C virus (HCV) infection is associated with
chronic liver disease and currently affects about 3% of

1 Much research has been

the world population
doing to elucidate the functions of HCV proteins and
it has been determined that that the p7 protein forms a
channel for conducting ions across the membrane "
™ and that it is essential for HCV infection but does
not affect RNA replication '], However, although in-
vivo experiments show that the p7 protein is essential
for infectivity in chimpanzee '®”, By employing a
novel HCV infection system and using a genetic
approach to investigate the function of p7 in the viral
replication cycle, it has been determined that p7 is
essential for efficient assembly and release of
infectious virions across divergent virus strains > "),
It also has been demonstrated that the carboxy-
terminal domain can function as a signal sequence that

most likely promotes the translocation of NS2 into the

ER lumen for appropriate cleavage by host signal

peptidases . Other observations indicate that p7 is
primarily involved in the late phase of the HCV
replication cycle and has a role in the secretary
pathway ®] Thus, p7 is an important virulence factor

35,79 . .
- and is also associated

that may modulate fitness '
with virus persistence and pathogenesis. However,
virus entry appears largely independent of p7 as the
specific infectivity of released virions with a defect in
p7 was not affected and in spite of the findings
outlined above, the exact role of the HCV p7 protein
in virus replication remains unclear

The 2B protein has been localized to the ER and
Golgi complex, and to a lesser extent to the plasma

14, 15, 72, 93
membrane % 1% 7%

] but is not transported outside
the Golgi !"Y. That the too large oligomers and lack of
specific signals may be contribute the retention of 2B
in the Golgi. Calcium is more permeable, thus it is
postulated that the 2B protein may play an important
role in infection, modulating apoptosis and lower
molecular weight compounds by modulating calcium
and proton or altering the solute balance across the

93,94
plasma membranel 4.

ANTIVIRAL THERAPY
Inhibition of proteins which are essential in the
virus life cycle is a basic approach in antiviral therapy.
In ion channel target therapy, there are two general
strategies (Table 1). Firstly, a small molecule or peptide
drug inhibits the ion channel activity. Secondly, using
anti-oligomerzation peptides prevent the formation of

the pore . The drug may either enter the pore *!!

or
diffuses into the hydrophilic/hydrophobic domain in
the outer rim of the bundle””. Both small organic
molecule and peptides can be used as a drug, but

peptide drugs have two advantages over small

@ Springer
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molecule drugs. First, they are highly active and
specific. Secondly, they accumulate in tissue to a
lower extent and thus have reduced side effects and
toxicity. But peptide drugs have very low when taken
orally™,

There are several drugs under investigation which
inhibit some of the channel proteins. M2 forms
pH-activated proton channels that are essential for
normal replication of influenza A. Amantadine, the
first drug against influenza A, blocks the M2 channel,
function and

impairing channel stopping  virus

replication. It was found that in response to

hyperpolarizing membrane voltages, an inward
whole-cell current can be blocked by amantadine and
its analog, rimantadine ®7). In addition, when purified
M2 protein was incorporated into the planar lipid
bilayer, ionic conductance was blocked by amantadine
3] Recently Sarah D. Cady er al. have used
solid-state NMR spectroscopy and found that two
amantadine binding sites exist in the M2 channel in
the phospholipid bilayers. The high affinity site,
located in the N-terminal channel lumen, is occupied
by a single amantadine ["*). The low affinity site is on
the C-terminal protein surface 731 and only high
concentrations in the bilayer can reach this domain.
These results indicate that there is a physical occluded
mechanism in the M2 ion channel. This result is
consistent with the recently solved crystal structure of
the M2 protein. However, amantadine/rimantadine
resistance is on the rise and amantadine-resistant
mutant residues have been found in locations
surrounding the high affinity site (Fig. 2) (73]

HIV: Human cells possess an antiviral activity that

inhibits the release of retrovirus particles and other

enveloped virions, and is antagonized by the HIV-1

@ Springer

accessory protein, such as Vpu. This antiviral activity
can be constitutively expressed or induced by interferon.
We call this protein-based tethers “tetherins” (B cell
stromal antigen 2, BST-2/HM1.24) (33541 Tetherin is
an interferon-induced host cell membrane protein that
blocks the release of HIV-1 virions from the cell
surface °®. In the therapeutic strategy for treating HIV
infection, it is discovered that Vpu neutralizes the
effect of tetherin, that provide in sight into the
molecular mechanism of Vpu facilitate viron release
54581 In this occasion, tetherin is an interferon-
induced host cell membrane protein that blocks the
release of HIV-1 virion from the cell face °*°'. This
finding makes the concept that abrogation of Vpu
function with the consequent suppression of new
viable virus release from the host cell surface is a
plausible therapeutic strategy in the treatment of HIV
54 1t is feasible to increase the effective cell surface
density of Vpu-free tetherin by designing trans-
membrane peptide decoys that target the Vpu TM
a-helix. Recently, using deductive constraints and
gene expression analyses Stuart J. D. Neil and his
colleague identified CD317 which is a membrane
protein of previously unknown function[sg], as a
tetherin. HIV-1 virion release requires Vpu expression
in cells where CD317 expression correlated with this
process, depletion of CD317 abolished this requirement
74901 /pu also respond on amantadine and derivatives,
but only to very high doses **. Thus, inhibition of
Vpu function and consequent mobilization of
tetherin’s antiviral activity is a potential therapeutic
strategy in HIvE 8],

HCV: One hallmark of HCV is its high degree of

sequence variability that likely contributes to its ability

to establish chronic infections. Persistent infection is
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A B Amamtadine
(100 pm)
pH6.8 pH 5.0 pH 6.8 pH6.8 pH 5.0 pH6.8
O — =oraes
|
- I (.A.  § B
U
Closed Open w Closed Closed

Fig. 1. Whole-cell membrane currents of M2 ion channel. The pH

off the bathing medium was lowered from pH 6.8 to pH 5.0. The

membrane voltage was held at -60mV. A: M2 ion channels were activated by lower pH condition. B: M2 ion channel inhibited by 10

pm amantadine.

Fig. 2. SSNMR structure of M2 in the lipid libayers. Amantadine

Side view of the M2 channel is showing Ser 31, Val 27, Gly 34,

(shown in both figure a and b) is in high affinity luminal site. A:

His 37, Trp 41. The instantaneous orientation of Amt, which is

slightly tilted from the channel axis, is shown. B: Top view of the M2 channel. This picture is cited from ref 73.

associated with a variable degree of liver damage and
there is no available prophylactic or therapeutic
vaccine to date. Although the best available treatment
is a combination of polyethylene glycol-conjugated
interferon alpha and ribavirin, this treatment is
expensive, poorly tolerated, its outcome is largely
determined by virus genotype!® and is ineffective in

[17]

-50% of patients * ", and the treatment is associated

with severe side effects. The discovery that it
displayed cation selectivity channel activity in vitro
led to its classification within the “viroporin” family
of virus-coded ion channel proteins, which includes
the influenza A virus M2 protein. In vitro, HCV p7
channel activity can be inhibited by a range of
compounds, including amantadine, that can reduce

cation currents by high concentrations, which also

@ Springer
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inhibits the viroporin M2 of the influenza A virus.
When amantadine is used in the GST-his-P7 or

B1, 32], but has no

GST-p7 construct, it seems effective
effect on full length p7 even at concentrations up to 10
ng/mL 71 Although it is suggested that amantadine
docked into the p7 pore where is near the His-17, it
does not lead to mutation at the His-17. However, it
leads controversial results in HCV clinical trials "%,
Other inhibitors have subsequently been identified,
long alkyl chain iminosugar derivatives, such as N-
nonyl-deoxynojirimycin (NN-DNJ), which are known
to inhibit endoplasmic reticulum o glucosidase |
and Il as well as HCV p7®> % and hexamethylene

o4 65 %0 Byt it is

amiloride (HMA), rimantadine'
should be noted that these compounds have hitherto
only been tested against genotype I p7. p7 sequences
contain clusters of hydrophilic amino acids predicted
to line the channel lumen, implying these might
determine channel opening and drug sensitivity *%, as
is the case of M2. One function of p7 may be
analogous to that of M2 during particle secretion %\
Although Stephen Griffin et al. suggested that
effective p7 inhibitors were not able to reduce virus
titer by more than 10-fold at the concentrations used,
it is provides a proof of principle for p7 to be a
potential drug target. At the same time, it highlights
the need for developing more potent compounds that
are active against p7 sequences from multiple strains
and genotypes.

Understanding the ability of these ion-forming
protein structures is of great biophysical and
functional importance for this class of proteins, which

accounts for more than 50% of all antiviral drug targets.

References

1. Agirre A, Barco A, Carrasco L, et al. 2002. Viroporin-

@ Springer

10.

11.

12.

mediated membrane permeabilization. Pore formation by
nonstructural poliovirus 2B protein. J Biol Chem, 277:
40034-40441.

Becker C F W, Oblatt-Montal M, Kochendoerfer G G,
et al. 2004. Chemical synthesis and single channel
properties of tetrameric and pentameric TASPs (template-
assembled synthetic proteins) derived from the trans-
membrane domain of HIV virus protein u (Vpu). J Biol
Chem, 279: 17483-17489.

Benjamin J, Chen G P L, David Jackson, Robert A
Lamb. 2008. The Influenza virus M2 protein cytoplasmic
tail interacts with the M1 protein and influences virus
assembly at the site of virus budding. J Virol, 82:
10059-10070.

Betakova T, Hay A J. 2007. Evidence that the CM2
protein of influenza C virus can modify the pH of the
exocytic pathway of transfected cells. J Gen Virol, 88:
2291-2296.

Bour S S U, Strebel K. 1995. The Human
immunodeficiency virus type 1 Vpu protein specifically
binds to the cytoplasmic domain of CD4-implications for
the mechanism degradation. J Virol, 69: 1510-1520.
Cady S. D, Hong M. 2008. Amantadine-induced
conformational and dynamical changes of the influenza
M2 transmembrane proton channel. Proc Natl Acad Sci
USA, 105: 1483-1488.

Carrasco L G R, Irurzun A, Barco A. 2002. Effects of
viral replication on cellular membrane metabolism and
function. Mol Biol Picorna Virus: 337-354.
Carrere-Kremer S, Montpellier-Pala C, Cocquerel L,
et al. 2002. Subcellular localization and topology of the
p7 polypeptide of hepatitis C virus. J Viroel, 76: 3720-3730.
Chen H, Wu Y, Voth G A. 2007. Proton transport
behavior through the influenza A M2 channel: insights
from molecular simulation. Biophys J, 93: 3470-3479.
Clarke D, Griffin S, Beales L, et al. 2006. Evidence for
the formation of a heptameric ion channel complex by the
hepatitis C virus p7 protein in vitro. J Biolog Chem, 281:
37057-37068.

Cohen E A, Terwilliger E F, Sodroski J G, et al. 1988.
Identification of a protein encoded by the Vpu gene of
HIV-1. Nature, 334: 532-534.

Cross T A. 2009. Flu BM2 structure and function. Nat
Struc Mol Biol, 16: 1207-1209.



Virol. Sin. (2010) 25: 267-280

277

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Davies W L, Hoffmann C E, Paulshock M, ef al. 1964.
Antiviral activity of 1- adamantanamine (amantadine).
Science, 144: 862-863.

De Jong A S, Wessels E, Dijkman H B, ef al. 2003.
Determinants for membrane association and permea-

bilization of the coxsackievirus 2B protein and the

identification of the Golgi complex as the target organelle.

J Biol Chem, 278: 1012-1021.

De Jong A S, Melchers W J, Glaudemans D H, ef al.
2004. Mutational analysis of different regions in the
coxsackievirus 2B protein: Requirements for homomulti-
merization, membrane permeabilization, subcellular
localization, and virus replication. J Biol Chem, 279:
19924-19935.

Deltenre P, Henrion J, Canva V, et al. 2004. Evaluation
of amantadine in chronic hepatitis C: a meta-analysis. J
Hepatol, 41: 462-473.

Feld J J, Hoofnagle J H. 2005. Mechanism of action of
interferon and ribavirin in treatment of hepatitis C.
Nature (London), 436: 967-972.

Fischer W. 2005. Viral Memberane Proteins: Structure,
Function and Drug Design. Chapter 15. New York:
Kluwer Academic/Plenum Publisher.

Fischer W B, Pitkeathly M, Sansom M S P. 2001.
Amantadine blocks channel activity of the transmembrane
segment of the NB protein from influenza B. Eur
Biophys J Biophy Letters, 30: 416-420.

Fisher W B, Kruger gens. 2009. Viral channel-forming
proteins. Inter Rev Cell Mol Biol, 275: 35-63.

Fischer W B, Sansom M S P. 2002. Viral ion channels:
structure and function. Biochim Biophys Acta, 1561:
27-45.

Forrest L R, Kukol A, Arkin I T, et al. 2000. Exploring
models of the influenza A M2 channel: MD simulations
in a phospholipid bilayer. Biophys J, 78: 55-69.

Forrest L R, DeGrado W F, Dieckmann G R, ef al

1998. Two models of the influenza A M2 channel domain:

verification by comparison. Fold Des, 3: 443-448.

Gage W P, Gary E, et al. 2005. Virus lon Channels
Formed by Vpu of HIV-1, the 6K Protein of Alphaviruses
and NB of Influenza B Virus. In: Viral Membrane
Proteins: Structure, Function,
(Fischer W B, Ewart G, Melton J, et al eds.), New

York:Kluwer Academic/Plenum Publishers. p207-231.

and Drug Design

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Giffin K, Rader R K, Marino M H, et al. 1995. Novel
assay for the influenza virus M2 channel activity. FEBS
Lett, 357: 269-274.

Gonzalez M E, Carrasco L. 2003. Viroporins. FEBS
Lett, 552: 28-34.

Grambas S, Bennett M S, Hay A J. 1992. Influence of
amantadine resistance mutations on the pH regulatory
function of the M2 protein of influenza A viruses.
Virology, 191: 541-549.

Grantham M L, Wu W H, Lalime E N, et al. 2009.
Palmitoylation of the influenza A virus M2 protein is not
required for virus replication in vitro but contributes to
virus virulence. J Virol, 83: 8655-8661.

Griffin S, Clarke D, McCormick C, et al. 2005. Signal
peptide cleavage and internal targeting signals direct the
hepatitis C virus p7 protein to distinct intracellular
membranes. J Virol, 79: 15525-15536.

Griffin S, StGelais C, Owsianka A M, et al. 2008.
Genotype-dependent sensitivity of hepatitis C virus to
inhibitors of the p7 ion channel. Hepatology, 48: 1779-
1790.

Griffin S D C, Beales L P, Clarke D S, ef al. 2003. The
p7 protein of hepatitis C virus forms an ion channel that is
blocked by the antiviral drug, Amantadine. FEBS Lett,
535: 34-38.

Griffin S D C, Harvey R, Clarke D S, ef al. 2004. A
conserved basic loop in hepatitis C virus p7 protein is
required for amantadine-sensitive ion channel activity in
mammalian cells but is dispensable for localization to
mitochondria. J Gen Virol, 85: 451-461.

Gupta R K, Towers G J. 2009. A tail of tetherin: how
pandemic HIV-1 conquered the world. Cell Host
Microbe, 6: 393-395.

Hamman J H, Enslin G M, Kotze A F. 2005. Oral
delivery of peptide drugs: barriers and developments.
Biodrugs, 19: 165-177.

Harada T, Tautz N, Thiel H-J. 2000. E2-p7 region of
the bovine viral diarrthea virus polyprotein: processing
and functional studies. J Virol, 74: 9498-9506.

Hay A J. 1992. The action of adamantanamines against
influenza A viruses: Inhibition of the M2 ion channel
protein. Sem Virol, 3: 21-30.

Henklein P, Kinder R, Schubert U, ef al. 2000.

Membrane interactions and alignment of structures within

@ Springer



278

Virol. Sin. (2010) 25: 267-280

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

the HIV-1 Vpu domain: effect of
phosphorylation of serines 52 and 56. FEBS Lett, 482:
220-224.

Holsinger L J, Lamb R A. 1991. Influenza virus M2

cytoplasmic

integral membrane-protein is homotetramer stabilized by
formation of disulfide bonds. Virelogy, 183: 32-43.
Holsinger L J, Shaughnessy M A, Micko A, et al. 1995.
Analysis of the posttranslational modifications of the
influenza-virus M2 protein. J Virol, 69: 1219-1225.
Hongo S, Ishii K, Mori K, e al. 2004. Detection of ion
channel activity in xenopus iaevis oocytes expressing
influenza C virus CM2 protein. Arch Virol, 149: 35-50.
Hu J, Fu R, Cross T A. 2007. The chemical and
dynamical influence of the anti-viral drug amantadine on
the M2 proton channel transmembrane domain. Biophys
J, 93: 276-283.

Intharathep P, Laohpongspaisan C, Rungrotmongkol
T, et al. 2008. How amantadine and rimantadine inhibit
proton transport in the M2 protein channel. J Mol Graph
Model, 27: 342-348.

Isherwood B J, Patel A H. 2005. Analysis of the
processing and transmembrane topology of the E2p7
protein of hepatitis C virus. J Gen Virol, 86: 667-676.
Jing X, Ma C, Ohigashi Y, er al. 2008. Functional
studies indicate amantadine binds to the pore of the
influenza A virus M2 proton-selective ion channel. Proc
Natl Acad Sci USA, 105: 10967-10972.

Kass I, Arkin I T. 2005. How pH opens a H" channel:
the gating mechanism of influenza a M2. Structure, 13:
1789-1798.

Klimkait T, Strebel K, Hoggan M D, ef al. 1990. The
human immunodeficiency virus type 1-specific protein
Vpu is required for efficient virus maturation and release.
J Virol, 64: 621-629.

Kolocouris A, Zikos C, Broadhurst R W. 2007. 19F
NMR detection of the complex between amantadine and
the receptor portion of the influenza A M2 ion channel in
DPC micelles. Bioorg Med Chem Lett, 17: 3947-3952.
Kukol A, Arkin I T. 2000. Structure of the influenza C
virus CM2 protein transmembrane domain obtained by
site-specific infrared dichroism and global molecular
dynamics searching. J Biolog Chem, 275: 4225-4229.
Lamb R A, Krug R M. 2001. Orthomyxoviridae: The

viruses and their replication. In: Fundamental Virology

@ Springer

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

(Knipe D M, Howley P M. eds.), Philadelphia, USA.
605-647.

Lamb R A, Zebedee S L, Richardson C D. 1985.
Influenza virus M2 protein is an integral membrane
protein expressed on the infected-cell surface. Cell, 40:
627-633.

Lemaitre V, Willbold D, Watts A, et al. 2006. Full
length Vpu from HIV-1: combining molecular dynamics
simulations with NMR spectroscopy. J Biomol Struc
Dynamics, 23: 485-496.

Marassi F M, Ma C, Gratkowski H, et al. 1999.
Correlation of the structural and functional domains in the
membrane protein Vpu from HIV-1. Proc Natl Acad Sci
USA, 96: 14336-14341.

Merkle I, Van Ooij M J M, Van Kuppeveld F J, et al.
2002. Biological significance of a human enterovirus
B-specific RNA element in the 3' nontranslated region J
Virol, 76: 9900-9909.

Montal M. 2009. Vpu matchmakers as a therapeutic
strategy for HIV infection. PLoS Pathogens, 5: 1-3.

Ma C, Marassi F M, et al. 2002. Expression, purification,
and activities of full-length and truncated versions of the
integral membrane protein Vpu from HIV-1. Protein Sci,
11: 546-557.

Mould J A, Drury J E, Frings S M, et al. 2000.
Permeation and activation of the M2 ion channel of
influenza A virus. J Biol Chem, 275: 31038-31050.
Mould J A, Paterson R G, Takeda M, et al. 2003.
Influenza B virus BM2 protein has ion channel activity
that conducts protons across membranes. Develop Cell, 5:
175-184.

Neil S J D, Zang T, Bieniasz P D. 2008. Tetherin
inhibits retrovirus release and is antagonized by HIV-1
Vpu. Nature, 451: 425-U421.

Nieva J L, Agirre A, Nir S, ef al. 2003. Mechanisms of
membrane permeabilization by picornavirus 2B viroporin.
FEBS Lett, 552: 68-73.

Panayotov P P, Schlesinger R W. 1992. Oligomeric
organization and strain-specific protelytic modification of
the virion-M2 protein of influenza-A-HINI viruses.
Virology, 186: 352-355.

Park S H, Mrse A A, Nevzorov A A, et al. 2003.
Three-dimensional structure of the channel-forming

trans-membrane domain of virus protein "u" (Vpu) from



Virol. Sin. (2010) 25: 267-280

279

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

HIV-1. J Mol Biol, 333: 409-424.

Patargias G, Zitzmann N, Dwek R, er al. 2006.
Protein-protein interactions: Modeling the hepatitis C
virus ion channel p7. J Med Chem, 49: 648-655.
Pavlovic D, Fischer W, Hussey M, et al. 2005. Long
alkylchain iminosugars bloc the HCV p7 ion chanel.. In:
Advances in Experimental Medicine and Biology
(Axford J S. ed), Netherlands: Springer.564:3-4.

Pavlovic D, Neville D C A, Argaud O, et al. 2003. The
hepatitis C virus p7 protein forms an ion channel that is
inhibited by long-alkyl-chain iminosugar derivatives.
Proc Natl Acad Sci USA, 100: 6104-6108.

Pawlotsky J M. 2006. Therapy of hepatitis C: from
empiricism to eradication. Hepatology, 43: S207-S220.
Pekosz A, Lamb R A. 1997. The CM2 protein of
influenza C virus is an oligomeric integral membrane
glycoprotein structurally analogous to influenza A virus
M-2 and influenza B virus NB proteins. Virology, 237:
439-451.

Pinto L H, Lamb R A. 1995. Understanding the
mechanism of action of the anti-influenza virus drug
amantadine. Trends Microbiol, 3: 271-271.

Premkumar A, Wilson L, Ewart G D, et al. 2004.
Cation-selective ion channels formed by p7 of hepatitis C
virus are blocked by hexamethylene amiloride. FEBS
Lett, 557: 99-103.

Sakai A, St Claire M S, Faulk K, ef al. 2003. The p7
polypeptide of hepatitis C virus is critical for infectivity
and contains functionally important genotype-specific
sequences. Proc Natl Acad Sci USA, 100: 11646-11651.
Sakai A, St. Claire M, Faulk K, et al. 2003. The p7
polypeptide of hepatitis C virus is critical for infectivity
and contains functionally important genotype-specific
sequences. Proc Natl Acad Sci USA, 100: 11646-11651.
Sandoval I V, Carrasco L. 1997. Poliovirus infection
and expression of the poliovirus protein 2B provoke the
disassembly of the Golgi complex, the organelle target for
the antipoliovirus drug Ro-090179. J Virolol, 71:
4679-4693.

Sansom M S P, Kerr I D, Smith G R, ef al. 1997. The
influenza A virus M2 channel: a molecular modeling and
simulation study. Virelogy, 233: 163-173.

Sarah D Cady, Schmidt-Rohr, Klaus, ef al. 2010.

Structure of the amantadine binding site of influenza M2

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

proton channels in lipid bilayers. Nature, 463: 689-692.
Sauter D, Schindler M, Specht A, et al. 2009.
Tetherin-Driven Adaptation of Vpu and Nef Function and
the Evolution of Pandemic and Nonpandemic HIV-1
Strains. Cell Host Microbe, 6: 409-421.

Schnell J R, Chou J J. 2008. Structure and mechanism
of the M2 proton channel of influenza A virus. Nature,
451: 591-595.

Schubert U, Anton L C, Bacik I, er al. 1998. CD4
glycoprotein ~ degradation  induced by  human
immunodeficiency virus type 1 Vpu protein requires the
function of proteasomes and the ubiquitin-conjugating
pathway. J Virol, 72: 2280-2288.

Schubert U, FerrerMontiel A V, OblattMontal M, et al.
1996. Identification of an ion channel activity of the Vpu
transmembrane domain and its involvement in the
regulation of virus release from HIV-l-infected cells.
FEBS Lett, 398: 12-18.

Smondyrev A M, Voth G A. 2002. Molecular dynamics
simulation of proton transport through the influenza A
virus M2 channel. Biophys J, 83: 1987-1996.

Steinmann E, Penin F, Kallis S, ef al. 2007. Hepatitis C
virus p7 protein is crucial for assembly and release of
infectious virions. Plos Pathogens, 3: 962-971.

StGelais C, Tuthill T J, Clarke D S, et al. 2007.
Inhibition of hepatitis C virus p7 membrane channels in a
liposome-based assay system. Antiviral Res, 76: 48-58.
Stouffer A L, Ma C, Cristan L, et al. 2008. The
interplay of functional tuning, drug resistance, and
thermodynamic stability in the evolution of the M2 proton
channel from the influenza A virus. Structure, 16:
1067-1076.

Strebel K. 2007. HIV accessory genes Vif and Vpu. Adv
Pharmacol, 55: 199-232.

Stuart J D Neil, Scott W E, Nolwenn Jouvenet, ef al.
2006. HIV-1 Vpu promotes release and prevents
endocytosis of nascent retrovirus particles from the
plasma membrane. PLoS Pathogens, 2: 0354-0367.
Sugrue R J, Bahadur G, Zambon M C, et al. 1990.
Specific  structural alteration of the influenza
haemagglutinin by amantadine. EMBO J, 9: 3469-3476.
Sugrue R J, Belshe R B, Hay A J. 1990. Palmitoylation
of the influenza-A virus M2 protein. Virology, 179:

51-56.

@ Springer



280 Virol. Sin. (2010) 25: 267-280
86. Sugrue R J, Hay A J. 1991. Structural characteristics of USA, 100: 15154-15159.

the M2 protein of influenza-A viruses evidence that it 96. Veit M, Klenk H D, Kendal A, et al. 1991. The M2

forms a tetrameric channel. Virology, 180: 617-624. protein of influenza-A virus is acylated. J Gen Virol, 72:
87. Sunstrom N A, Premkumar L S, Premkumar A, ef al. 1461-1465.

1996. Ion channels formed by NB, an influenza B virus 97. Wang C, Lamb R A, Pinto L H. 1995. Activation of the

protein. J Membr Biol, 150: 127-132. M2 ion channel of influenza virus- a role for the
88. Taskemasa Sakaguchi Q T, Pinto H Lawrence, Lamb transmembrane domain histidine residue. Biophys J, 69:

A Robert. 1997. The active oligomeric state of the 1363-1371.

minimalistic influenza virus M2 ion channel is a tetramer. 98. Wang C, Lamb R A, Pinto L H. 1995. Activation of the

Proc Natl Acad Sci USA, Vol. 94,. M2 ion channel of influenza virus: A role for the
89. Terwilliger E F, Cohen E A, Lu Y C, ef al. 1989. transmembrane domain histidine residue. Biophys J, 69:

Functional-role of human immunodeficiency virus type-1 1363-1371.

Vpu. Proc Nat Acad Sci USA, 86: 5163-5167. 99. Willbold D, Haider S, Volkmann A, ef al. 1995.
90. Tokarev A, Skasko M, Fitzpatrick K, et al. 2009. Structure of the HIV-1 Vpu protein cytoplasmatic domain

Antiviral activity of the interferon-induced cellular in aqueous solution. Biolog Chem Hoppe-Seyler, 376:

protein BST-2/tetherin. Aids Res Human Retroviruses, S168.

25:1197-1210. 100. Willbold D, Hoffmann S, Rosch P. 1997. Secondary
91. Van Damme N, Goff D, Katsura C, et al. 2008. The structure  and  tertiary fold of the human

interferon-induced protein BST-2 restricts HIV-1 release immunodeficiency virus protein U (Vpu) cytoplasmic

and is downregulated from the cell surface by the viral domain in solution. Eur J Biochem, 245: 581-588.

Vpu protein. Cell Host Microb, 3: 245-252. 101. Willey R L, Maldarelli F, Martin M A, et al. 1992.
92. Van Kuppeveld F J, Galama J M, Zoll J, et al. 1996. Human-immunodeficiency-virus type-1 Vpu protein

Coxsackie B3 wvirus protein 2B contains cationic regulates the formation of intracellular GP 160-CD4

amphipathic helix that is required for viral RNA complexes. J Virol, 66: 226-234.

replication. J Virol, 70: 3876-3886. 102. Woolley G A, Wallace B A. 1992. Model ion channels:
93. Van Kuppeveld F J, Hoenderop J G, Smeets R L, et al. gramicidin and alamethicin. J Membrane Biol, 129:

1997. Coxsackievirus protein 2B modifies endoplasmic 109-136.

reticulum membrane and plasma membrane permeability 103. Wray V, Schubert U. 2005. Structure, phosphorylation,

and facilitates virus release. EMBO J, 16: 3519-3532. and biological function of the HIV-1 specific virus protein
94. Van Kuppeveld F J, Melchers W J, Kirkegaard K, ef al U (Vpu). Viral Membrane Proteins: Structure,

95.

1997. Structure-function analysis of coxsackie B3 virus
protein 2B. Virology, 227: 111-118.

Varthakavi V, Smith R M, Bour S P, ef al. 2003. Viral
protein U counteracts a human host cell restriction that

inhibits HIV-1 particle production. Proc Nat Acad Sci

@ Springer

104.

Function, and Drug Design, 1: 165-175.

Yuki Ohigashia Ma ¢, Jing X, ef al. 2009. An
amantadine -sensitive chimeric BM2 ion channel of
influenza B virus has implications for the mechanism of

drug inhibition. PNAS, 106: 18775-18779.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


