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Abstract: The host cell protein tetherin can restrict the release of enveloped viruses from 
infected cells. The HIV-1 protein Vpu counteracts tetherin by removing it from the site of 
viral budding, the plasma membrane, and this process depends on specific interactions 
between the transmembrane domains of Vpu and tetherin. In contrast, the glycoproteins 
(GPs) of two filoviruses, Ebola and Marburg virus, antagonize tetherin without reducing 
surface expression, and the domains in GP required for tetherin counteraction are 
unknown. Here, we show that filovirus GPs depend on the presence of their authentic 
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transmembrane domains for virus-cell fusion and tetherin antagonism. However, conserved 
residues within the transmembrane domain were dispensable for membrane fusion and 
tetherin counteraction. Moreover, the insertion of the transmembrane domain into a 
heterologous viral GP, Lassa virus GPC, was not sufficient to confer tetherin antagonism to 
the recipient. Finally, mutation of conserved residues within the fusion peptide of Ebola 
virus GP inhibited virus-cell fusion but did not ablate tetherin counteraction, indicating that 
the fusion peptide and the ability of GP to drive host cell entry are not required for tetherin 
counteraction. These results suggest that the transmembrane domains of filoviral GPs 
contribute to tetherin antagonism but are not the sole determinants. 

Keywords: tetherin; ebola; lassa; glycoprotein 
 

1. Introduction 

Research conducted in the last 15 years revealed that host cells can express antiviral effector 
molecules, which inhibit spread of certain viruses by interfering with discrete steps in the viral life 
cycle [1,2]. The expression of these virus-restricting factors, short restriction factors, can be 
constitutive but is frequently inducible by interferon (IFN). Single restriction factors have been 
identified by screening approaches seeking to determine the molecular mechanism underlying a 
specific antiviral activity [3–7]. A recent systematic screen for IFN-induced antiviral effectors 
provided detailed insights into the full restriction factor repertoire of the host cell [8]. One of the 
restriction factors uncovered in this screen [8] and previously identified as a cellular protein which 
inhibits release of HIV-1 [5] was the transmembrane protein tetherin (BST-2, CD317). It is now 
appreciated that tetherin restricts the release of several enveloped viruses and recent findings suggest a 
significant contribution of tetherin to retrovirus control in experimentally infected mice [9,10]. 

Tetherin’s unusual membrane topology is the basis for its antiviral activity. Tetherin contains two 
membrane anchors, a transmembrane domain at the N-terminus and a C-terminal GPI anchor [11]. It 
has been proposed that the latter might meet the criteria of a transmembrane domain more than those 
of a GPI anchor [12]. As a consequence of the two membrane-anchoring domains, tetherin can 
simultaneously insert into the plasma membrane and the viral membrane, thereby forming a physical 
connector between host cell and virus, which prevents release of progeny particles into the 
extracellular space [13,14]. The importance of tetherin’s domain organization for its antiviral activity 
is highlighted by two observations: Mutation of either membrane-anchoring domain interferes with 
inhibition of viral release and artificial tetherin molecules, which bear no sequence similarity with wt 
tetherin but exhibit the same domain organization, display antiviral activity [13]. 

In order to ensure efficient spread in tetherin positive cells, several viruses encode proteins which 
antagonize the antiviral activity of tetherin, mainly by removing tetherin from the site of viral budding. 
The first tetherin antagonist identified was the HIV-1 accessory protein Vpu [5]. Vpu antagonizes 
tetherin by removing it from the plasma membrane [15]. This process depends on interactions between 
the transmembrane domains of Vpu and tetherin [16–19], which allow for a Vpu-dependent alteration 
of tetherin trafficking. Thus, Vpu interactions with tetherin prevent transport of newly synthesized or 
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recycled tetherin to the plasma membrane [16,20]. In addition, Vpu can remove tetherin from the 
plasma membrane [16,20,21], although with relatively low efficiency, and can induce tetherin 
ubiquitination and degradation in endolysosomes [22–24]. However, the contribution of these 
processes to tetherin antagonism by Vpu seems to be minor. Finally, it is notable that species specific 
differences in the amino acid sequence of the tetherin transmembrane domain can alter susceptibility to 
antagonism by Vpu [11], underlining that the tetherin interaction with Vpu is highly specific.  

The glycoproteins (GP) of ebolaviruses and marburgviruses, members of the Filoviridae family and 
highly pathogenic to humans, also antagonize tetherin, allowing efficient release of retro- and 
filovirus-like particles from tetherin transfected cells [25,26]. In addition, the tetherin antagonism by 
GP is likely responsible for the very modest [26] or absent [27] inhibition of release of authentic Ebola 
virus (EBOV) by tetherin. Notable differences between tetherin antagonism by Vpu and EBOV-GP 
have been reported. A direct interaction of the GP2 subunit of EBOV-GP and tetherin has been 
documented [26] but might be dispensable for tetherin antagonism, since EBOV-GP unlike Vpu can 
counteract artificial tetherin [28]. Similarly, EBOV-GP but not Vpu antagonizes tetherin orthologues 
from different mammalian species [26]. Moreover, EBOV-GP in contrast to Vpu does not reduce 
tetherin expression at the cell surface [26,28] and does not remove tetherin from lipid rafts [28,29]. In 
sum, EBOV-GP and Vpu employ markedly different mechanisms to counteract tetherin and the 
determinants in GP, which govern tetherin counteraction, are largely unclear. 

Lassa virus (LASV), a member of the Arenaviridae family and like EBOV highly pathogenic to 
humans, is inhibited by tetherin and the viral glycoprotein (GPC) does not antagonize tetherin [27,30]. 
A previous study constructed chimeras between the Marburg virus GP (MARV-GP) and LASV-GPC 
in order to identify determinants of viral assembly [31]. Here, we employed these LASV-GPC/MARV-
GP chimeras and newly constructed LASV-GPC/EBOV-GP chimeras to map domains important for 
tetherin counteraction. We found that the cytoplasmic tail of EBOV- and MARV-GP and the integrity 
of the fusion peptide sequence in EBOV-GP are dispensable for tetherin counteraction. The exchange 
of the transmembrane or cytoplasmic domains between EBOV-GP/MARV-GP and LASV-GPC 
impeded tetherin counteraction by the filovirus GPs and did not transfer tetherin antagonism to  
LASV-GPC, indicating that the determinants in GP, which govern tetherin antagonism, are complex. 

2. Results  

2.1. LASV-GPC Fails to Antagonize Tetherin in the Context of a HIV-1 Gag-Based Virus-Like  
Particle System 

We sought to employ chimeric EBOV/MARV and LASV glycoproteins to identify domains 
important for tetherin counteraction. As a prerequisite to these studies, we first determined tetherin 
counteraction by the wt proteins. Expression of EBOV-GP, MARV-GP and LASV-GPC with a  
C-terminal V5 antigenic tag was readily detectable by Western blot analysis of transfected 293T cells 
(Figure 1A). As expected, all precursor glycoproteins and their mature C-terminal transmembrane 
units, which are generated upon processing of the precursors by host cell proteases, were detected and 
largely exhibited the expected molecular weights [32–37]. Moreover, a lentiviral vector pseudotyped 
with these glycoproteins (without V5 tag) was able to efficiently transduce 293T cells while no 
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appreciable transduction was observed upon inoculation of cells with a vector bearing no glycoprotein 
(Figure 1B). Thus, the constructs available for our study allowed for robust glycoprotein expression 
and the glycoproteins were able to mediate efficient host cell entry, as expected. In order to determine 
whether the glycoproteins were able to counteract tetherin, a previously described virus-like particle 
system was employed [26]. This system is based on HIV-1 p55 Gag, which is sufficient to drive 
budding, and budding can be inhibited by tetherin. LASV-GPC has previously not been characterized 
in this experimental setup. Efficient release of Gag into the supernatants of cultured cells was observed 
and, in the absence of tetherin, release was not modulated by coexpression of HIV-1 Vpu, EBOV-GP, 
MARV-GP or LASV-GPC (Figure 1C), in concordance with published data [26]. In contrast, 
coexpression of tetherin markedly reduced Gag release and this effect could be partially rescued by 
expression of Vpu, EBOV-GP and MARV-GP but not LASV-GPC (Figure 1C), again in keeping with 
previous studies [25–27]. Thus, filoviral GPs but not LASV-GPC function as tetherin antagonists in 
the context of HIV-1 Gag-dependent budding, and mutagenic analysis of these glycoproteins might 
reveal domains required for tetherin antagonism. 

2.2. The Cytoplasmic Tail of EBOV-GP and MARV-GP Is Dispensable for Tetherin Counteraction 

The cytoplasmic tails of EBOV-GP and MARV-GP comprise four and eight amino acids, 
respectively, and have previously been shown to be important for robust GP-driven virus-cell fusion [38]. 
Their role in tetherin antagonism by GP has not been determined. Expression of EBOV-GP and 
MARV-GP mutants lacking the cytoplasmic tail, EBOV-GPΔCD and MARV-GPΔCD (Figure 2A), 
was readily detectable with antibody specific for the V5 tag, although somewhat less efficient than 
expression of the wt proteins (Figure 2B). Similarly, mutant EBOV-GPΔCD was incorporated into 
virus-like particles (VLPs) although with slightly reduced efficiency compared to its wt counterpart 
(not shown). Lentiviral vectors bearing EBOV-GPΔCD or MARV-GPΔCD (without V5 tag) showed a 
markedly reduced capacity to transduce 293T cells when compared to vectors equipped with the wt 
protein (Figure 2C), in keeping with the documented importance of the cytoplasmic tail for GP-driven 
entry [38]. Despite their modestly reduced expression, both EBOV-GPΔCD and MARV-GPΔCD were 
readily able to counteract tetherin (Figure 2D), indicating that the cytoplasmic tail is not required for 
tetherin antagonism by filoviral glycoproteins. 

2.3. The Transmembrane Domain in EBOV-GP and MARV-GP Is Essential for Virus-Cell Fusion and 
for Tetherin Antagonism 

We next examined the role of the transmembrane domain of filovirus GPs in tetherin counteraction. 
Western blot analyses with anti-V5 antibody revealed that the exchange of the transmembrane domain 
between EBOV-GP/MARV-GP and LASV-GPC (Figure 3A) was compatible with robust expression 
(Figure 3B), in keeping with published data [31], although expression of MLM was reduced compared 
to expression of wt MARV-GP. Weak or no expression (Figure 3B and not shown) of mutant ELE was 
observed upon detection with an antibody directed against the V5 tag. However, a signal comparable 
to that detected for wt EBOV-GP was observed when expression of ELE with V5 tag was visualized 
with an EBOV-GP specific antibody (Figure 3C), suggesting that this mutant was readily expressed.  
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Figure 1. Filovirus but not Lassa virus glycoproteins counteract tetherin. (A) Plasmids 
encoding the indicated glycoproteins with a C-terminal V5 tag were transfected in 293T 
cells and GP expression was analyzed by Western blot employing a V5-specific antibody. 
Expression of β-actin in cell lysates was determined as loading control. Similar results 
were obtained in at least four separate experiments. The V5-specific antibody allowed 
detection of glycoprotein precursors (EBOV-GP0: black triangle; MARV-GP0: black 
arrow; LASV-GPC: black diamond) and their mature transmembrane units (EBOV-GP0: 
white triangle; MARV-GP2: white arrow, LASV-GP2: white diamond), which are 
generated upon cleavage of the precursor proteins by host cell proteases. Additional bands 
most likely represent processing intermediates and different glycoforms. (B) HIV-1-derived 
pseudotypes bearing the indicated GPs (without V5 tag) were used to transduce 293T 
target cells. Three days after transduction, the GP-mediated cell entry was quantified by 
determining luciferase activity in cell lysates (c.p.s., counts per second). The results of a 
single experiment are shown; error bars indicate standard deviation (SD). The results were 
confirmed in two separate experiments. (C) 293T cells were co-transfected with an 
expression plasmid encoding HIV-1 p55 Gag, empty plasmid (pCAGGS) or tetherin 
encoding plasmid jointly with plasmids encoding Vpu or the indicated glycoproteins. 
Subsequently, pelleted virus-like particles (VLPs) and cell lysates were analyzed for HIV-1 
Gag content by Western blot. Expression of β-actin in cell lysates was determined as 
loading control. Similar results were obtained in three separate experiments.  

 
 

In order to analyze whether the exchange of the transmembrane domain modulated the cellular 
localization of the glycoprotein variants studied, we employed spinning disk confocal microscopy and 
total internal reflection fluorescence (TIRF) microscopy. Staining of cells with anti-V5 antibody and 
analysis by confocal microscopy revealed no major changes between the localization of mutants LML, 
ELE and LEL and the respective wt proteins, although a relatively low percentage of cells were 
positive for mutant ELE (Figure 4). Moreover, TIRF microscopy showed that both wt proteins and 
mutants LML, ELE and LEL were appreciably expressed at the plasma membrane (Figure 4). In 
contrast, mutant MLM was predominantly localized within the cells, although some plasma membrane 
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localization was detected. In keeping with the expression of ELE, LEL, LML, and to a lesser degree 
MLM at the plasma membrane, all mutants were efficiently incorporated into VLPs (no shown). Thus, 
the exchange of the transmembrane domain between EBOV-/MARV-GP and LASV-GPC is largely 
compatible with glycoprotein expression at the cell surface and particle incorporation. 

Figure 2. The cytoplasmic tail of filoviral glycoproteins is dispensable for tetherin 
antagonism. (A) Schematic representation of GP mutants analyzed. ED, extracellular domain; 
TM, transmembrane domain; CD, cytoplasmic domain. (B) The indicated glycoproteins 
harboring a C-terminal V5 antigenic tag were transiently expressed in 293T cells and 
expression analyzed by Western blot (upper panel), as described for Figure 1A. Expression 
of β-actin in cell lysates was determined as loading control (lower panel). Similar results 
were obtained in two separate experiments. Bands corresponding to glycoprotein 
precursors and their mature, transmembrane units are marked as described for Figure 1A. 
(C) Transduction of target cells by wt and mutant GPs was determined as described for 
Figure 1B. The average ± standard error of the mean (SEM) of at least three  
separate experiments is shown. Signals measured for wt GPs were set as 100%. 
(D) Tetherin antagonism by filoviral glycoproteins lacking the cytoplasmic domain was 
analyzed as described for Figure 1C. The results were confirmed in three separate experiments.  

 
 

Despite readily detectable expression and particle incorporation of all glycoprotein mutants with 
exchanged transmembrane domain, none of the mutants (without V5 tag) was able to appreciably drive 
virus-cell fusion (Figure 5A), indicating that the appropriate transmembrane domain is essential for GP 
function in viral entry. Similarly, none of the transmembrane domain mutants was able to counteract 
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tetherin. Thus, the introduction of the transmembrane domain of EBOV-GP and MARV-GP  
into LASV-GPC did not confer tetherin antagonism to LASV-GPC while the reverse exchange 
abrogated tetherin counteraction by EBOV-GP and MARV-GP (Figure 5B). These results indicate that 
the transmembrane domain of the glycoproteins studied is essential for their ability to mediate  
virus-cell fusion. Moreover, our findings show that the transmembrane domain of EBOV-GP and 
MARV-GP is required for tetherin counteraction but is not sufficient to confer tetherin antagonism to a 
heterologous glycoprotein. 

Figure 3. The exchange of the transmembrane domains between filoviral and Lassa virus 
glycoprotein is compatible with robust expression. (A) Schematic overview of the chimeric 
glycoproteins analyzed. (B) Expression of V5-tagged glycoprotein chimeras was tested as 
described for Figure 1A. Expression of β-actin in cell lysates was determined as loading 
control. Bands corresponding to glycoprotein precursors and their mature, transmembrane 
units are marked as described for Figure 1A. (C) Expression of EBOV-GP wt and mutant 
ELE in the cell lysates analyzed in (B) was determined employing an antibody raised 
against EBOV-GP. Signals correspond to the surface unit GP1. Expression of β-actin in 
cell lysates was determined as loading control. The results were confirmed in at least two 
separate experiments.  
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Figure 4. Cellular localization of filoviral and Lassa virus glycoproteins with exchanged 
transmembrane domains. The indicated glycoproteins were transiently expressed in 293T 
cells and GP expression was detected by staining with V5-specific antibody and Alexa 
Fluor 488 labeled secondary antibody. Nuclei were visualized by DAPI staining. Staining 
was analyzed by spinning disc microscopy. In addition, surface localized GP was detected 
by TIRF microscopy.  
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Figure 5. The filoviral transmembrane domain is necessary but not sufficient for tetherin 
antagonism. (A) Transduction of cells with pseudotypes bearing the indicated chimeric 
GPs was analyzed as described in Figure 1B. One representative experiment is displayed. 
Results were confirmed in at least five separate experiments. Error bars indicate standard 
deviation. (B) Tetherin antagonism of the indicated chimeric GPs was analyzed as 
described in Figure 1C. The results of a representative experiment are shown and were 
confirmed in at least four additional experiments.  

 

2.4. Conserved Residues in the Fusion Peptide and Transmembrane Domain of EBOV-GP Are 
Dispensable for Tetherin Counteraction 

The finding that the transmembrane domain in filovirus GP is essential for tetherin antagonism 
(Figure 5B) prompted us to investigate whether specific amino acids in the transmembrane  
domain can be identified, which are required for tetherin counteraction. For this, we mutated residues 
in the transmembrane domain of EBOV-GP, which are conserved among filovirus GPs (mutants 
G655A + I656A, I666A + A667I + L668A, C670A + C672A, Figure 6A). Moreover, the observation 
that all chimeric GPs had lost their ability to drive virus-cell fusion and their capacity to counteract 
tetherin (Figure 5A,B) suggested that these two activities might depend on the same functional 
elements in GP. We therefore asked if mutation of conserved residues in the fusion peptide (FP) of 
EBOV-GP, which block membrane fusion and thus viral entry into target cells, might also interfere 
with tetherin antagonism (mutants A526I + G528A, W531A + I532A + P533A, F535A + G536A + 
P537A). All GP mutants were efficiently expressed in 293T cells, although expression of mutants 
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I666A + A667I + L668A, C670A + C672A was slightly reduced compared to expression of EBOV-GP 
wt (Figure 6B). Similarly, all GP mutants were efficiently incorporated into VLPs (not shown). The 
mutations in FP invariably reduced the ability of GP to drive virus-cell fusion, in keeping with 
published data [39], while alteration of the transmembrane domain had little (mutant G655A + I656A) 
or no inhibitory effect (mutants I666A + A667I + L668A, C670A + C672A) (Figure 6C) Notably, all 
mutants were able to counteract tetherin (Figure 6D), indicating that neither the capacity to efficiently 
drive membrane fusion nor the presence of several conserved amino acids in the transmembrane 
domain are required for tetherin antagonism.  

Figure 6. Conserved residues in the fusion peptide and transmembrane domain of  
EBOV-GP are dispensable for tetherin antagonism. (A) Overview of the domain 
organization of EBOV-GP. Domains mutagenized within GP2 are indicated with asterisks. 
IFL, internal fusion loop; TM, transmembrane domain; CD, cytoplasmic domain. Asterisks 
indicate positions were mutations were inserted. (B) The expression of the GP mutants was 
analyzed as described for Figure 1A; an antibody raised against EBOV-GP was used for 
detection. Signals correspond to the surface unit GP1. The expression of β-actin was 
determined as loading control. The results were confirmed in two separate experiments. 
(C) Cellular entry driven by the GP mutants was assessed as described in the legend to 
Figure 1B. Transduction mediated by EBOV-GP wt was set as 100%. The average of five 
individual experiments is shown. Error bars indicate SEM. (D) Tetherin antagonism of the 
EBOV-GP mutants was analyzed as described for Figure 1C. A representative experiment 
is shown. Similar results were obtained in five separate experiments.  
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3. Discussion 

The filovirus GPs antagonize tetherin in VLP-based systems and likely allow for the spread of 
authentic filoviruses in tetherin-positive cells [25,26]. However, the domains in GP required for 
tetherin antagonism remained elusive. Our previous work demonstrated that the GP2 portion of 
EBOV-GP interacts with tetherin [26]. Here, we analyzed whether domains in GP2, in particular the 
transmembrane domain and the fusion peptide, contribute to tetherin counteraction by EBOV- and 
MARV-GP. We show that the presence of the authentic transmembrane domain in EBOV-GP and 
MARV-GP is required for GP-driven virus-cell fusion and tetherin antagonism. However, exchange of 
the transmembrane domain was not sufficient to transfer tetherin antagonism to a heterologous viral 
glycoprotein. In addition, we demonstrate that the capacity of GP to mediate virus-cell fusion is not 
required for tetherin antagonism. These results suggest that the transmembrane domain contributes to 
tetherin antagonism by filovirus GPs but that other domains also play a role. 

The filoviruses EBOV and MARV induce a severe and frequently lethal hemorrhagic fever in 
infected human patients and non-human primates [40,41]. The GPs of these viruses mediate entry into 
host cells and facilitate transduction of a broad range of target cells upon incorporation into retroviral 
or rhabdoviral vectors [42,43]. In addition, filovirus GPs rescue budding driven by filovirus VP40 or 
HIV-1 Gag from inhibition by tetherin [25,26] and the relatively robust release of EBOV from tetherin 
expressing cells [26,27] suggests that GP can also protect authentic filoviruses from tetherin’s antiviral 
action. In contrast, spread of authentic LASV is inhibited by tetherin and LASV-GPC [27]—like 
filovirus GPs a class I membrane fusion protein—fails to counteract tetherin in a VLP-based system [27], 
in keeping with the results obtained in the present study. The domains in filoviral GPs and LASV-GPC 
responsible for their differential ability to counteract tetherin are unknown. Therefore, domain-swaps 
between filoviral GPs and LASV-GPC as well as alteration of functionally important domains in GPs 
could be suitable ways to detect determinants in GP, which control tetherin antagonism. 

We first assessed whether the short cytoplasmic tail of EBOV-GP and MARV-GP is required for 
tetherin counteraction. It has previously been documented that the cytoplasmic tail is dispensable for 
GP expression, trimerization, intracellular transport or incorporation into filovirus-like particles [38]. 
However, deletion of the cytoplasmic tail altered GP glycosylation and recognition by neutralizing 
antibodies and impaired host cell entry of filovirus-like particles [38]. Our results confirm that deletion 
of the cytoplasmic tail is dispensable for robust GP expression and particle incorporation (not shown) 
but impedes efficient GP-driven virus-cell fusion. The cytoplasmic tail was dispensable for tetherin 
counteraction, in keeping with previous results showing that amino acids in the cytoplasmic tail believed 
to be important for lipid raft localization of GP are dispensable for tetherin counteraction [44]. Thus, 
the cytoplasmic tail of GP seems to be required for GP function during viral entry but is dispensable 
for counteraction of tetherin during viral release. 

The analysis of chimeras between LASV-GPC and MARV-GP previously demonstrated that the 
presence of the authentic transmembrane domain in MARV-GP is required for transport of GP into 
multi-vesicular bodies containing elevated levels of the viral matrix protein VP40 and for particle 
incorporation of GP [31]. Our results confirm the previously documented observation that exchange of 
the transmembrane domain between MARV-GP and LASV-GP is compatible with robust expression 
of the resulting chimeras [31], although reduced levels of mutant MLM relative to MARV-GP wt were 
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detected in cells (and might partially account for the lack of tetherin counteraction by this mutant), and 
we show that the same applies to EBOV-GP. In addition, our results indicate that exchange of the 
transmembrane domain does not interfere with GP localization at the cell membrane, the site where 
tetherin unfolds its antiviral activity, with mutant MLM being the only exception. Nevertheless, all 
chimeric GPs failed to mediate virus-cell fusion, despite efficient incorporation into lentiviral vectors 
(data not shown). Similarly, all chimeric proteins, including LASV-GPC variants harboring a filovirus 
GP-derived transmembrane domain, failed to counteract tetherin. In contrast, residues within the 
EBOV-GP transmembrane domain, which are conserved among all filovirus GPs, were dispensable for 
tetherin counteraction. These findings indicate that the transmembrane domain contributes to but is not 
the exclusive determinant of tetherin counteraction. Moreover, they suggest that the role of the 
transmembrane domain in tetherin antagonism by filoviral GPs might be due to its potential impact on 
GP conformation or cellular localization rather than the presence of specific amino acids within 
this domain. 

The GP2 subunit of the filovirus GP contains the functional elements, which drive virus-cell fusion, 
including a fusion peptide. This peptide inserts into the target cell membrane during virus-cell fusion 
and its integrity is essential for viral infectivity [39]. The analysis of chimeric GPs suggested that the 
capacity of GP to drive efficient host cell entry might be a prerequisite to tetherin counteraction while 
the opposite conclusion could be drawn from the characterization of GP mutants without cytoplasmic 
tail. In order to assess whether the ability to mediate virus-cell fusion in general and the integrity of the 
fusion peptide in particular are important for tetherin counteraction, we analyzed EBOV-GP mutants 
with amino acid changes in the fusion peptide. The respective GP mutants were robustly expressed but 
failed to drive efficient virus-cell fusion. This observation matches results obtained by a previous 
study, which demonstrated that exchanges in the fusion peptide are compatible with robust virion 
incorporation of GP but not with GP-driven virus-cell fusion [39]. In particular, single mutants F535A, 
G536A and P537A (triple mutant F535A + G536A + P537A was analyzed in the present study) were 
efficiently incorporated into a VSV vector but failed to drive efficient virus cell fusion [39]. All fusion 
peptide mutants tested were able to counteract tetherin, indicating that the integrity of the fusion 
peptide and the ability of GP to efficiently drive virus-cell fusion is dispensable for tetherin counteraction. 

4. Experimental Section  

4.1. Cell Culture and Transfection 

Human embryonic kidney 293T cells were maintained in Dulbecco’s modified Eagle’s medium 
(DMEM) supplemented with 10% fetal calf serum (FCS) and antibiotics. Cells were grown at 37 °C 
and 5% CO2. The day prior transfection cells were seeded at a density of 2.8 × 105 cells/6 well format 
or 7 × 105 cells/T25 flasks. Cells were transfected by the calcium phosphate method using 6 µg DNA 
in total for one well of a 6-well plate or 12 µg DNA in total for transfection of a T25 flask. Medium 
was exchanged eight to 16 h post transfection.  
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4.2. Plasmids 

Plasmids encoding HIV-1 Gag (p55) [45], Vpu [46], LASV-GPC [47], EBOV-GP [48], EBOV-GP 
with C-terminal V5-tag [49], MARV-GP [50], human tetherin [51] and HIV-1 NL4-3 derived vector 
pNL4-3 E–R–Luc [52] were described previously. Plasmids encoding chimeras between LASV-GPC 
and MARV-GP in which the transmembrane domain was exchanged (mutants LML, MLM) and 
EBOV-GP and MARV-GP with a deleted cytoplasmic domain (CD) (mutants MARV-GPΔCD, 
EBOV-GPΔCD) were also described previously [31,38]. Additional chimeric GPs in which the 
transmembrane domain was exchanged between LASV-GPC and EBOV-GP (mutants ELE, LEL) as 
well as glycoproteins with a C-terminal V5 tag were generated by PCR. All PCR products were 
inserted into pCAGGS expression vector [53] (restriction sites: Lassa-GPC-V5 and MARV-GP-V5: 
EcoRI, XhoI; MLM-V5 and MARV-GPΔCD-V5: EcoRI, NheI; LML-V5, ELE, ELE-V5, LEL,  
LEL-V5 and EBOV-GPΔCD-V5: XmaI, NheI). EBOV-GP mutants with point mutations in FP and 
TM were also generated by PCR-based mutagenesis and inserted via XbaI, MluI into pCAGGS. The 
integrity of all PCR-amplified sequences was analyzed by automated sequencing. 

4.3. Expression Analysis of Glycoproteins 

To test the expression levels of the glycoproteins analyzed, 6 µg of the respective expression 
plasmids were transfected into 293T cells seeded in 6-well plates. At 48 h post transfection, the cells 
were harvested, lysed and glycoprotein expression in cell lysates detected by Western blot. For 
detection, a mouse anti V5 antibody (Invitrogen, Carlsbad, CA, USA) was used at a 1:2500 dilution. 
Alternatively, a mouse anti-EBOV-GP antibody was used (3B11, [54]) at a dilution of 1:1000. 

4.4. Inhibition of Virus-Like Particle Release by Tetherin 

In order to analyze tetherin antagonism, a previously described virus-like particle system was used [26]. 
293T cells seeded in 6-well plates were cotransfected with plasmids encoding Gag, tetherin, and the 
respective tetherin antagonist in a ratio of 2:1:1. Forty-eight hours after transfection, supernatants were 
cleared from debris at 4000 rpm and pelleted for 2 h through a 20% sucrose cushion at 13,000 rpm. 
The pelleted VLPs as well as the producer cells were lysed and boiled in SDS-loading buffer and 
subsequently analyzed by Western blot. The Gag protein was detected with an anti-p24 hybridoma 
supernatant (183-H12-5C, 1:500) and a goat anti mouse-HRP antibody (Dianova, Hamburg, Germany; 
1:1000) using a commercially available kit (GE Healthcare, Chalfont St Giles, UK).  

4.5. Production of Pseudotypes and Transduction Experiments 

For generation of HIV-1 NL4-3-based pseudotypes carrying the different glycoproteins including 
VSV-G, filoviral GPs, LASV-GPC, chimeric GPs or no glycoprotein as control, a previously described 
protocol was used [47]. Briefly, cells seeded in T25 flasks were transfected with pNL4-3 E–R–Luc and 
glycoprotein expression plasmid at a 1:1 ratio. At 48 h post transfection, supernatants were harvested 
and passed through 0.45 μm pore-size filters. For subsequent transduction, 293T cells were seeded in 
96-well plates at a density of 5 × 104 cells/well. Cells were then transduced with 50 μL of vector 
containing supernatants. Medium was exchanged 8 h post transduction and transduction efficiency was 
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measured by determining luciferase activity in cell lysates at 72 h post infection using a commercially 
available kit (Promega, Madison, WI, USA). 

4.6. Immunofluorescence, Spinning Disc Confocal Microscopy and Total Internal Reflection 
Fluorescence (TIRF) Microscopy 

4 × 105 293T cells were seeded in 22 mm glass bottom culture dishes (WillCo-dish, Amsterdam, 
The Netherlands) and calcium phosphate transfected with 3 µg of V5-tagged glycoprotein expression 
plasmids or the empty plasmid as control. At 24 h post transfection, cells were fixed with 2% PFA for 
20 min at 4 °C and permeabilized with 1 % Saponin for 10 min at RT. Subsequently, cells were stained 
for V5 using a 1:200 dilution of anti-V5 specific antibody (Invitrogen) and 1:500 diluted goat  
anti-mouse Alexa Fluor 488 conjugated secondary antibody (Molecular Probes, Invitrogen). TIRF 
microscopy was conducted with a Nikon TiE microscope using the 100× objective (NA 1.49) essentially 
as previously described [55]. For confocal imaging, the same samples which were transfected and 
stained for TIRF were mounted with DAPI containing Mowiol. Spinning disc confocal microscopy 
was done with a Nikon TiE equipped with the PerkinElmer UltraView Vox system. Images were 
analyzed with the Volocity 6.3-software package (Perkin Elmer, Waltham, MA, USA) [56].  

5. Conclusions  

Our results suggest that several determinants in filovirus GPs might control tetherin counteraction. 
Future studies must address whether functional domains in the GP1 subunit, like the receptor binding 
domain, which mediates interactions with NPC-1 [57,58], play a role in tetherin counteraction. 
Similarly, it will be interesting to investigate why EBOV-GP, although able to counteract wt and 
artificial tetherin [28], fails to enhance release of LASV-like particles [27]—an observation 
highlighting that the determinants which govern tetherin inhibition of viral release and its 
counteraction by filoviral glycoproteins are complex. 

Acknowledgments 

This study was supported by the Leibniz graduate school Emerging Infectious Diseases (EIDIS) and 
the DEWIN program of Hannover Medical School. Sebastian Bolduan and Michael Schindler were 
supported by the Else Kröner-Fresenius Stiftung. Michael Schindler and Stefan Pöhlmann were 
supported by DFG (SCHI1073/4-1, PO 716/8-1). 

Author Contributions 

Kerstin Gnirß, Annika Krämer-Kühl, Michael Schindler and Stefan Pöhlmann conceived and 
designed experiments. Kerstin Gnirß, Marie Fielder, Annika Krämer-Kühl and Sebastian Bolduan 
performed experiments. Kerstin Gnirß, Marie Fiedler, Annika Krämer-Kühl, Michael Schindler and 
Stefan Pöhlmann analyzed the data. Eva Mittler and Stephan Becker contributed critical reagents and 
experimental protocols. Stefan Pöhlmann wrote the manuscript, all authors revised the manuscript. 
  



Viruses 2014, 6 1668 
 

 

Conflicts of Interest 

The authors declare no conflicts of interest. 

References and Notes  

1. Blanco-Melo, D.; Venkatesh, S.; Bieniasz, P.D. Intrinsic cellular defenses against human 
immunodeficiency viruses. Immunity 2012, 37, 399–411.  

2. Harris, R.S.; Hultquist, J.F.; Evans, D.T. The restriction factors of human immunodeficiency 
virus. J. Biol. Chem. 2012, 287, 40875–40883.  

3. Hrecka, K.; Hao, C.; Gierszewska, M.; Swanson, S.K.; Kesik-Brodacka, M.; Srivastava, S.; 
Florens, L.; Washburn, M.P.; Skowronski, J. Vpx relieves inhibition of HIV-1 infection of 
macrophages mediated by the SAMHD1 protein. Nature 2011, 474, 658–661.  

4. Laguette, N.; Sobhian, B.; Casartelli, N.; Ringeard, M.; Chable-Bessia, C.; Segeral, E.; Yatim, A.; 
Emiliani, S.; Schwartz, O.; Benkirane, M. SAMHD1 is the dendritic- and myeloid-cell-specific 
HIV-1 restriction factor counteracted by Vpx. Nature 2011, 474, 654–657.  

5. Neil, S.J.; Zang, T.; Bieniasz, P.D. Tetherin inhibits retrovirus release and is antagonized by HIV-
1 Vpu. Nature 2008, 451, 425–430.  

6. Sheehy, A.M.; Gaddis, N.C.; Choi, J.D.; Malim, M.H. Isolation of a human gene that inhibits 
HIV-1 infection and is suppressed by the viral Vif protein. Nature 2002, 418, 646–650.  

7. Stremlau, M.; Owens, C.M.; Perron, M.J.; Kiessling, M.; Autissier, P.; Sodroski, J. The 
cytoplasmic body component TRIM5alpha restricts HIV-1 infection in Old World monkeys. 
Nature 2004, 427, 848–853.  

8. Schoggins, J.W.; Wilson, S.J.; Panis, M.; Murphy, M.Y.; Jones, C.T.; Bieniasz, P.; Rice, C.M. A 
diverse range of gene products are effectors of the type I interferon antiviral response. Nature 
2011, 472, 481–485.  

9. Barrett, B.S.; Smith, D.S.; Li, S.X.; Guo, K.; Hasenkrug, K.J.; Santiago, M.L. A single nucleotide 
polymorphism in tetherin promotes retrovirus restriction in vivo. PLoS. Pathog. 2012, 8, 
e1002596.  

10. Jones, P.H.; Mahauad-Fernandez, W.D.; Madison, M.N.; Okeoma, C.M. BST-2/tetherin is 
overexpressed in mammary gland and tumor tissues in MMTV-induced mammary cancer. 
Virology 2013, 444, 124–139.  

11. Neil, S.J. The antiviral activities of tetherin. Curr. Top. Microbiol. Immunol. 2013, 371, 67–104.  
12. Andrew, A.J.; Kao, S.; Strebel, K. C-terminal hydrophobic region in human bone marrow stromal 

cell antigen 2 (BST-2)/tetherin protein functions as second transmembrane motif. J. Biol. Chem. 
2011, 286, 39967–39981.  

13. Perez-Caballero, D.; Zang, T.; Ebrahimi, A.; McNatt, M.W.; Gregory, D.A.; Johnson, M.C.; 
Bieniasz, P.D. Tetherin inhibits HIV-1 release by directly tethering virions to cells. Cell 2009, 
139, 499–511.  

14. Venkatesh, S.; Bieniasz, P.D. Mechanism of HIV-1 Virion Entrapment by Tetherin. PLoS Pathog. 
2013, 9, e1003483.  



Viruses 2014, 6 1669 
 

 

15. Van Damme N.; Goff, D.; Katsura, C.; Jorgenson, R.L.; Mitchell, R.; Johnson, M.C.; Stephens, 
E.B.; Guatelli, J. The interferon-induced protein BST-2 restricts HIV-1 release and is 
downregulated from the cell surface by the viral Vpu protein. Cell Host Microbe 2008, 3,  
245–252.  

16. Dube, M.; Roy, B.B.; Guiot-Guillain, P.; Binette, J.; Mercier, J.; Chiasson, A.; Cohen, E.A. 
Antagonism of tetherin restriction of HIV-1 release by Vpu involves binding and sequestration of 
the restriction factor in a perinuclear compartment. PLoS Pathog. 2010, 6, e1000856.  

17. Iwabu, Y.; Fujita, H.; Kinomoto, M.; Kaneko, K.; Ishizaka, Y.; Tanaka, Y.; Sata, T.; Tokunaga, 
K. HIV-1 accessory protein Vpu internalizes cell-surface BST-2/tetherin through transmembrane 
interactions leading to lysosomes. J. Biol. Chem. 2009, 284, 35060–35072.  

18. Vigan, R.; Neil, S.J. Determinants of tetherin antagonism in the transmembrane domain of the 
human immunodeficiency virus type 1 Vpu protein. J. Virol. 2010, 84, 12958–12970.  

19. Banning, C.; Votteler, J.; Hoffmann, D.; Koppensteiner, H.; Warmer, M.; Reimer, R.; Kirchhoff, 
F.; Schubert, U.; Hauber, J.; Schindler, M. A flow cytometry-based FRET assay to identify and 
analyse protein-protein interactions in living cells. PLoS One 2010, 5, e9344.  

20. Schmidt, S.; Fritz, J.V.; Bitzegeio, J.; Fackler, O.T.; Keppler, O.T. HIV-1 Vpu blocks recycling 
and biosynthetic transport of the intrinsic immunity factor CD317/tetherin to overcome the virion 
release restriction. MBio 2011, 2, e00036–11.  

21. Lau, D.; Kwan, W.; Guatelli, J. Role of the endocytic pathway in the counteraction of BST-2 by 
human lentiviral pathogens. J. Virol. 2011, 85, 9834–9846.  

22. Andrew, A.J.; Miyagi, E.; Strebel, K. Differential effects of human immunodeficiency virus type 
1 Vpu on the stability of BST-2/tetherin. J. Virol. 2011, 85, 2611–2619.  

23. Douglas, J.L.; Viswanathan, K.; McCarroll, M.N.; Gustin, J.K.; Fruh, K.; Moses, A.V. Vpu 
directs the degradation of the human immunodeficiency virus restriction factor BST-2/Tetherin 
via a {beta}TrCP-dependent mechanism. J. Virol. 2009, 83, 7931–7947.  

24. Mitchell, R.S.; Katsura, C.; Skasko, M.A.; Fitzpatrick, K.; Lau, D.; Ruiz, A.; Stephens, E.B.; 
Margottin-Goguet, F.; Benarous, R.; Guatelli, J.C. Vpu antagonizes BST-2-mediated restriction of 
HIV-1 release via beta-TrCP and endo-lysosomal trafficking. PLoS Pathog. 2009, 5, e1000450.  

25. Kaletsky, R.L.; Francica, J.R.; Agrawal-Gamse, C.; Bates, P. Tetherin-mediated restriction of 
filovirus budding is antagonized by the Ebola glycoprotein. Proc. Natl. Acad. Sci. USA 2009, 106, 
2886–2891.  

26. Kühl, A.; Banning, C.; Marzi, A.; Votteler, J.; Steffen, I.; Bertram, S.; Glowacka, I.; Konrad, A.; 
Sturzl, M.; Guo, J.T.; et al. The Ebola virus glycoprotein and HIV-1 Vpu employ different 
strategies to counteract the antiviral factor tetherin. J. Infect. Dis. 2011, 204, S850–S860.  

27. Radoshitzky, S.R.; Dong, L.; Chi, X.; Clester, J.C.; Retterer, C.; Spurgers, K.; Kuhn, J.H.; 
Sandwick, S.; Ruthel, G.; Kota, K.; et al. Infectious Lassa virus, but not filoviruses, is restricted 
by BST-2/tetherin. J. Virol. 2010, 84, 10569–10580.  

28. Lopez, L.A.; Yang, S.J.; Hauser, H.; Exline, C.M.; Haworth, K.G.; Oldenburg, J.; Cannon, P.M. 
Ebola virus glycoprotein counteracts BST-2/Tetherin restriction in a sequence-independent 
manner that does not require tetherin surface removal. J. Virol. 2010, 84, 7243–7255.  



Viruses 2014, 6 1670 
 

 

29. Rollason, R.; Dunstan, K.; Billcliff, P.G.; Bishop, P.; Gleeson, P.; Wise, H.; Digard, P.; Banting, 
G. Expression of HIV-1 Vpu Leads to Loss of the Viral Restriction Factor CD317/Tetherin from 
Lipid Rafts and Its Enhanced Lysosomal Degradation. PLoS One 2013, 8, e75680.  

30. Sakuma, T.; Noda, T.; Urata, S.; Kawaoka, Y.; Yasuda, J. Inhibition of Lassa and Marburg virus 
production by tetherin. J. Virol. 2009, 83, 2382–2385.  

31. Mittler, E.; Kolesnikova, L.; Strecker, T.; Garten, W.; Becker, S. Role of the transmembrane 
domain of marburg virus surface protein GP in assembly of the viral envelope. J. Virol. 2007, 81, 
3942–3948.  

32. Feldmann, H.; Nichol, S.T.; Klenk, H.D.; Peters, C.J.; Sanchez, A. Characterization of filoviruses 
based on differences in structure and antigenicity of the virion glycoprotein. Virology 1994, 199, 
469–473.  

33. Lenz, O.; ter, M.J.; Klenk, H.D.; Seidah, N.G.; Garten, W. The Lassa virus glycoprotein precursor 
GP-C is proteolytically processed by subtilase SKI-1/S1P. Proc. Natl. Acad. Sci. USA 2001, 98, 
12701–12705.  

34. Volchkov, V.E.; Feldmann, H.; Volchkova, V.A.; Klenk, H.D. Processing of the Ebola virus 
glycoprotein by the proprotein convertase furin. Proc. Natl. Acad. Sci. USA 1998, 95, 5762–5767.  

35. Volchkov, V.E.; Volchkova, V.A.; Stroher, U.; Becker, S.; Dolnik, O.; Cieplik, M.; Garten, W.; 
Klenk, H.D.; Feldmann, H. Proteolytic processing of Marburg virus glycoprotein. Virology 2000, 
268, 1–6.  

36. Wool-Lewis, R.J.; Bates, P. Endoproteolytic processing of the ebola virus envelope glycoprotein: 
cleavage is not required for function. J. Virol. 1999, 73, 1419–1426.  

37. Manicassamy, B.; Wang, J.; Rumschlag, E.; Tymen, S.; Volchkova, V.; Volchkov, V.; Rong, L. 
Characterization of Marburg virus glycoprotein in viral entry. Virology 2007, 358, 79–88.  

38. Mittler, E.; Kolesnikova, L.; Hartlieb, B.; Davey, R.; Becker, S. The cytoplasmic domain of 
Marburg virus GP modulates early steps of viral infection. J. Virol. 2011, 85, 8188–8196.  

39. Ito, H.; Watanabe, S.; Sanchez, A.; Whitt, M.A.; Kawaoka, Y. Mutational analysis of the putative 
fusion domain of Ebola virus glycoprotein. J. Virol. 1999, 73, 8907–8912.  

40. Brauburger, K.; Hume, A.J.; Muhlberger, E.; Olejnik, J. Forty-five years of Marburg virus 
research. Viruses 2012, 4, 1878–1927.  

41. Nakayama, E.; Saijo, M. Animal models for Ebola and Marburg virus infections. 
Front. Microbiol. 2013, 4, 267.  

42. Hofmann-Winkler, H.; Kaup, F.; Pöhlmann, S. Host cell factors in filovirus entry: novel players, 
new insights. Viruses 2012, 4, 3336–3362.  

43. Miller, E.H.; Chandran, K. Filovirus entry into cells—New insights. Curr. Opin. Virol. 2012, 2, 
206–214.  

44. Lopez, L.A.; Yang, S.J.; Exline, C.M.; Rengarajan, S.; Haworth, K.G.; Cannon, P.M.  
Anti-tetherin activities of HIV-1 Vpu and Ebola virus glycoprotein do not involve removal of 
tetherin from lipid rafts. J. Virol. 2012, 86, 5467–5480.  

45. Gao, F.; Li, Y.; Decker, J.M.; Peyerl, F.W.; Bibollet-Ruche, F.; Rodenburg, C.M.; Chen, Y.; 
Shaw, D.R.; Allen, S.; Musonda, R.; et al. Codon usage optimization of HIV type 1 subtype C 
gag, pol, env, and nef genes: In vitro expression and immune responses in DNA-vaccinated mice. 
AIDS Res. Hum. Retroviruses 2003, 19, 817–823.  



Viruses 2014, 6 1671 
 

 

46. Nguyen, K.L.; llano, M.; Akari, H.; Miyagi, E.; Poeschla, E.M.; Strebel, K.; Bour, S. Codon 
optimization of the HIV-1 vpu and vif genes stabilizes their mRNA and allows for highly efficient 
Rev-independent expression. Virology 2004, 319, 163–175.  

47. Simmons, G.; Reeves, J.D.; Grogan, C.C.; Vandenberghe, L.H.; Baribaud, F.; Whitbeck, J.C.; 
Burke, E.; Buchmeier, M.J.; Soilleux, E.J.; Riley, J.L.; et al. DC-SIGN and DC-SIGNR bind 
ebola glycoproteins and enhance infection of macrophages and endothelial cells. Virology 2003, 
305, 115–123.  

48. Marzi, A.; Akhavan, A.; Simmons, G.; Gramberg, T.; Hofmann, H.; Bates, P.; Lingappa, V.R.; 
Pöhlmann, S. The signal peptide of the ebolavirus glycoprotein influences interaction with the 
cellular lectins DC-SIGN and DC-SIGNR. J. Virol. 2006, 80, 6305–6317.  

49. Kühl, A.; Hoffmann, M.; Muller, M.A.; Munster, V.J.; Gnirss, K.; Kiene, M.; Tsegaye, T.S.; 
Behrens, G.; Herrler, G.; Feldmann, H.; et al. Comparative analysis of Ebola virus glycoprotein 
interactions with human and bat cells. J. Infect. Dis. 2011, 204, S840–S849.  

50. Marzi, A.; Gramberg, T.; Simmons, G.; Möller, P.; Rennekamp, A.J.; Krumbiegel, M.; Geier, M.; 
Eisemann, J.; Turza, N.; Saunier, B.; et al. DC-SIGN and DC-SIGNR interact with the 
glycoprotein of Marburg virus and the S protein of severe acute respiratory syndrome coronavirus. 
J. Virol. 2004, 78, 12090–12095.  

51. Sauter, D.; Schindler, M.; Specht, A.; Landford, W.N.; Munch, J.; Kim, K.A.; Votteler, J.; 
Schubert, U.; Bibollet-Ruche, F.; Keele, B.F.; et al. Tetherin-driven adaptation of Vpu and Nef 
function and the evolution of pandemic and nonpandemic HIV-1 strains. Cell Host Microbe 2009, 
6, 409–421.  

52. Connor, R.I.; Chen, B.K.; Choe, S.; Landau, N.R. Vpr is required for efficient replication of 
human immunodeficiency virus type-1 in mononuclear phagocytes. Virology 1995, 206, 935–944.  

53. Niwa, H.; Yamamura, K.; Miyazaki, J. Efficient selection for high-expression transfectants with a 
novel eukaryotic vector. Gene 1991, 108, 193–199.  

54. Lucht, A.; Grunow, R.; Otterbein, C.; Moller, P.; Feldmann, H.; Becker, S. Production of 
monoclonal antibodies and development of an antigen capture ELISA directed against the 
envelope glycoprotein GP of Ebola virus. Med. Microbiol. Immunol. 2004, 193, 181–187.  

55. Mattheyses, A.L.; Simon, S.M.; Rappoport, J.Z. Imaging with total internal reflection 
fluorescence microscopy for the cell biologist. J. Cell Sci. 2010, 123, 3621–3628.  

56. Volocity 3D Image Analysis Software, version 6.3; Perkin Elmer: Waltham, MA, USA, 2014. 
57. Carette, J.E.; Raaben, M.; Wong, A.C.; Herbert, A.S.; Obernosterer, G.; Mulherkar, N.; Kuehne, 

A.I.; Kranzusch, P.J.; Griffin, A.M.; Ruthel, G.; et al. Ebola virus entry requires the cholesterol 
transporter Niemann-Pick C1. Nature 2011, 477, 340–343.  

58. Cote, M.; Misasi, J.; Ren, T.; Bruchez, A.; Lee, K.; Filone, C.M.; Hensley, L.; Li, Q.; Ory, D.; 
Chandran, K.; et al. Small molecule inhibitors reveal Niemann-Pick C1 is essential for Ebola 
virus infection. Nature 2011, 477, 344–348.  

© 2014 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 
distributed under the terms and conditions of the Creative Commons Attribution license 
(http://creativecommons.org/licenses/by/3.0/). 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /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.)
  >>
  /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 [612.000 792.000]
>> setpagedevice


