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Introduction
Ebola virus (EBOV) belongs to the Filoviridae family of negative-sense RNA viruses. Since its
identification in 1976, sporadic outbreaks have occurred in Central Africa. The 2014 outbreak
in West Africa provides evidence that EBOV is emerging into new geographic regions. While
previous outbreaks have been confined to small areas, the most recent outbreak is atypically
widespread with over 25,000 people infected. Evidence from the limited-sequence studies that
have been published suggests that the outbreak resulted from a single reservoir-to-human
transmission event and subsequent human-to-human spread [1]. As neither an EBOV vaccine
nor antivirals are currently available, this outbreak highlights the critical need for the develop-
ment of effective vaccines and therapeutics.

Infection is initiated by virions entering dendritic cells, macrophages, and, perhaps, hepato-
cytes [2]. Virus replication in these cells is thought to be critical for initiation of systemic infec-
tion, leading to virus spread to new sites with infection of additional cell populations. Thus, a
better understanding of virus entry will not only provide insight into both host cell and virus
biology, but also elucidate therapeutic targets. Here we provide a brief overview of the current
understanding of EBOV entry and identify important questions that remain unanswered in
the field.

Filovirus Particles
The uniquely shaped filamentous particles made by filoviruses are surrounded by an envelope
acquired during virion budding from the plasma membrane (Fig 1). Recent studies provide evi-
dence that the outer leaflet of the viral envelope contains phosphatidylserine (PtdSer), which
serves as an important attachment factor during entry [3,4]. Inside the envelope, the viral ma-
trix proteins VP40 and VP24 line the inner leaflet and provide structural support. Surrounded
by this protective layer of lipids and matrix proteins, the RNA genome is associated with sever-
al viral proteins, forming the ribonucleoprotein (RNP) complex. A single viral glycoprotein
(GP), encoded by the virus, embeds in the viral envelope and is required for virion/cellular
membrane fusion. The mature GP is composed of two subunits, GP1 (~140 kDa) and GP2
(~26 kDa), that heterodimerize through disulfide bonds and associate to form trimers (Fig 2).
The crystal structure of the EBOV GP reveals that this trimer forms a chalice-like shape, with
the GP2 forming the base and GP1 forming the cup [5]. Surrounding and protecting this chal-
ice is the N-glycan-containing cap region and a heavily N- and O-glycosylated mucin-like do-
main (MLD) of GP1. Glycans on these regions are important for shielding the GP from
neutralizing antibodies [6].
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Adherence and Internalization
The cell surface interactions of filoviruses differ from other characterized enveloped virus/cell
surface receptor interactions in that amino acid residues of EBOV GP are not thought to inter-
act with a cell surface receptor. Instead, these viruses bind to target cells through two types of
relatively non-specific receptors: C-type lectins (CLECs) that interact with glycans on EBOV
GP and PtdSer receptors that interact with the viral envelope PtdSer (Fig 3A). CLECs (LSEC-
Tin, DC-SIGN [dendritic cell-specific intercellular adhesion molecule-3-grabbing non-integ-
rin], L-SIGN [liver/lymph node-specific ICAM-3 grabbing nonintegrin], mannose-binding
lectin, and hMGL [human macrophage galactose- and N-acetylgalactosamine-specific C-type
lectin]) bind N- and O-linked glycans on EBOV GP, leading to enhanced EBOV entry, al-
though the details of how these interactions lead to virion internalization have yet to be studied.
Cells lacking CLEC expression remain permissive for EBOV infection, providing evidence that
CLEC-independent uptake mechanisms also occur. More recently appreciated is the role of cel-
lular receptors that bind to PtdSer present in the viral envelope (reviewed in [7]). These PtdSer
receptors include members of the T-cell immunoglobulin and mucin domain (TIM) family,
TIM-1 and TIM-4, and protein complexes composed of Gas6 or Protein S and the TAM family
of receptor tyrosine kinases, Tyro3, Axl, and Mer. Given that PtdSer is believed to be present

Fig 1. Ebola Virus Particle. An EBOV particle is shown with key viral proteins highlighted, including: the viral glycoprotein, matrix proteins (VP40, VP24),
and viral ribonucleoprotein complex (RNA-dependent RNA polymerase, VP30, VP35, nucleoprotein, and RNA).

doi:10.1371/journal.ppat.1004731.g001
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on the surface of most, if not all, viral envelopes, it is not surprising that virion entry via virion-
associated PtdSer/host PtdSer receptors interactions is not limited to filoviruses, but has recent-
ly been observed to mediate entry of a variety of enveloped viruses including flaviviruses,
alphaviruses, and baculoviruses. While evidence suggests that TIM-1 can mediate virion inter-
nalization without cytoplasmic tail signaling [3,8], mechanistic details of TIM-1-dependent vi-
rion uptake are not currently established. In contrast, virus/TAM family receptor interactions
trigger a signaling cascade that dampens the cell’s innate immune response, increasing the tar-
get cell permissivity [9]. Interestingly, enveloped virus interactions with CLECs may also
immunomodulate immune responses of virus-infected DCs [10]. The relative importance of
these various cell surface interactions for EBOV entry and pathogenesis, regardless of whether
they bind GP glycans or envelope lipids, remains to be characterized in vivo.

Ebola virions are thought to be internalized primarily through macropinocytosis (Fig 3B),
although other routes of uptake have also been reported [11–14]. The mechanism triggering
EBOV uptake remains unknown; however, we and others have shown that PtdSer receptor-de-
pendent internalization of viral particles does not require the presence of a viral glycoprotein

Fig 2. Structure of the EBOV glycoprotein (GP). (Top) Each monomer of GP consists of a GP1 and GP2
heterodimer associated via a disulfide bond. GP1 contains the receptor binding domain (RBD), protected by
a glycan cap and a mucin like domain (MLD) at the apex of the structure. The RBD interacts with the
endosomal receptor Niemann-Pick C1 (NPC1) upon proteolytic processing of GP1 that removes the glycan
cap and MLD. The fusion loop, which imbeds in the target membrane during fusion, is part of the GP2
monomer, but remains hidden in the mature pre-fusion GP trimer. (Bottom)The GP trimer consists of three
GP1/2 heterodimers (shown in different shades) that associate through several GP1/GP2 and GP2/
GP2 interactions.

doi:10.1371/journal.ppat.1004731.g002
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on the particle [4,15]. Further, virion binding to CLECs or PtdSer receptors has not been
shown to directly trigger macropinocytosis, so elucidation of the mechanism eliciting filovirion
macropinocytosis is still needed. Another piece of the virion internalization puzzle that re-
mains unsolved is how vesicular stomatitis virus (VSV) pseudovirions that are pseudotyped
with EBOV GP internalize via macropinocytosis, whereas VSV containing its native G glyco-
protein enters cells through clathrin-coated pits [16,17]. One possible explanation for this ap-
parent disparity is that VSV displaying its native G glycoprotein interacts directly with its
recently identified cellular receptor, the ubiquitous LDL receptor [18]. In contrast, the EBOV
GP on pseudotyped VSV does not strongly interact with any cell surface receptors and EBOV

Fig 3. Steps of Ebola Virus Entry. (A) Cell surface receptors bind EBOV particles through interactions with either virion-associated phosphatidylserine or
viral glycoprotein glycans. (B) Virus is internalized through ruffling of the plasmamembrane and macropinocytosis. (C) During trafficking through endosomes,
the EBOV glycoprotein is cleaved by proteases that remove the mucin-like domain (MLD) and glycan cap, exposing the receptor binding domain (RBD).
Shown is a stepwise removal of those sequences, although in the cell these cleavage events may occur concurrently. (D) The RBD interacts with NPC1 in
the late endosome/lysosome. (E) Binding of the NPC1 C-loop by the glycoprotein is followed by one or more triggers that release the fusion loop, allowing for
its insertion into the target membrane. Subsequent transition of the EBOVGP into a six helix bundle results in the host and viral membranes being brought
together, leading to fusion. (F) Release of the viral nucleoprotein into the cytoplasm prior to the initiation of virus replication.

doi:10.1371/journal.ppat.1004731.g003
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instead utilizes less specific, lower affinity internalization mechanisms, such as PtdSer/PtdSer
receptor and/or glycan/lectin interactions. Potentially, it is through these latter interactions
that EBOV macropinocytosis occurs.

Processing and Trafficking
Ebola virions internalize into early endosomes and subsequently traffic to the late endosome/
lysosome in a Rab5 and Rab7 GTPase-dependent manner [19]. Within the endosome, low-
pH-dependent proteases remove the heavily glycosylated MLD and glycan cap from GP1, re-
sulting in a 17- to 19-kDa protein (Fig 3C) [20,21]. Cathepsins L and B were initially identified
as the proteases essential for EBOV GP processing and their cleavage sites within EBOV GP
have been mapped [22,23]. However, bacterial thermolysin and proteases present in Vero E6
cells and mouse embryonic fibroblasts can effectively substitute for these cathepsins [20,24].
Proteolytic processing of GP is necessary for exposure of the GP1 receptor binding domain
(RBD), but is insufficient to initiate virus fusion at 37°C [5,25]. However, at higher tempera-
tures under low pH and/or mild reducing conditions, the 19-kDa form of the GP binds to lipo-
somes, suggesting that this version of the trimer is in a fusion-ready state [26].

Endolysosomal Receptor Binding
The exposed RBD of the proteolytically primed GP1 binds to the late endosomal/lysosomal
protein NPC1 (Fig 3D) [27,28]. This novel endosomal interaction is essential for subsequent fi-
lovirus/cell membrane fusion. Whether processed GP interaction with NPC1 directly triggers
fusion or subsequent steps are needed remains unclear. Several groups have shown that addi-
tional endosomal proteolysis and/or reduction are required for EBOV fusion, but the chronolo-
gy and endosomal location of these events have yet to be clarified [20,21,26,29].

EBOV membrane fusion events are thought to be similar to those described for other viral
glycoproteins [30]. A hydrophobic fusion loop of GP2, normally buried beneath a neighboring
GP1 monomer [5], becomes exposed by the fusion trigger (Fig 2 and Fig 3E). Low pH condi-
tions are necessary for conformational changes within the fusion loop that promote fusion
[31]. In the form of a fist-like structure, hydrophobic GP2 residues present at the tip of the fu-
sion loop insert into the target membrane [32]. The GP2 trimer unwinds and refolds into a six-
helix bundle in which the fusion loop and GP transmembrane domain meet [33]. The resulting
fusion pore allows for release of the RNP into the cytoplasm and the start of virus replication
(Fig 3F).

Lessons from EBOV Entry Studies and Outstanding Questions
To date, investigation of EBOV entry has led to three paradigm-shifting insights. First, the dis-
covery of PtdSer receptor-mediated entry for not only filoviruses but also for a variety of other
enveloped viruses has helped to mechanistically elucidate the broad tropism of some enveloped
viruses. Second, recognition of the low pH-dependent endosomal proteolytic processing of
EBOV GP identified a novel low-pH-dependent mechanism that has now been shown to be re-
quired for a number of enveloped viruses. Third, identifying an endosomal receptor for filovi-
ruses altered the understanding of potential locations of virus/receptor interactions. While this
latter observation was initially made for filoviruses, recent studies have shown that lysosomal-
associated membrane protein 1 (LAMP1) is a lysosomal receptor for Lassa virus, suggesting
this endosomal mechanism of fusion control may be broader than previously appreciated [34].

Despite the progress over the past five years in understanding EBOV entry, many critical
questions remain unanswered. For instance, how does PtdSer become enriched on the outer
leaflet of enveloped virus membranes? Do virion interactions with CLECs, TIM proteins, or
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TAM/Gas6 complexes mediate direct internalization of virions into endosomes? If TIM pro-
teins do directly mediate virus internalization, mechanistically, how is this accomplished since
some TIM molecules are not thought to signal? Alternatively, do these receptors solely accu-
mulate virions on the surface of cells? If so, is there a yet unidentified cell-surface receptor that
is required for EBOV internalization? If PtdSer receptors do directly mediate EBOV internali-
zation, do the different receptors mediate internalization through the same endosomal pathway
and into the same endosomal compartment? For those filoviruses that do not require Cathep-
sin B and L, what endosomal proteases are responsible for their GP processing? What is the
role of NPC1? Does NPC1 binding directly lead to EBOV fusion? If so, why are additional pro-
teolysis events required and what protease(s) in which vesicular compartment mediate this sec-
ond processing step? Finally, in terms of the big picture, what selective advantages are there for
enveloped viruses such as filoviruses to use relatively non-specific, low-affinity mechanisms for
internalization? Certainly, a growing body of evidence suggests that there must be advantages.
These might include a breadth of tropism that would otherwise not be available to enveloped
viruses. Further, using these entry mechanisms protects critical RBD and fusion residues from
neutralizing antibodies by limiting extracellular exposure of these GP elements; in the current
entry model for filoviruses, these sequences are solely exposed late within the endosomal/lyso-
somal compartments. A better understanding of these paradigm-shifting findings could pro-
vide additional drug targets to complement the current repertoire of Ebola virus antivirals in
development. No doubt, the continued pursuit of answers to these questions by a number of
groups will provide significant insights into both EBOV and, more broadly, virus biology.

References
1. Gire SK, Goba A, Andersen KG, Sealfon RS, Park DJ, Kanneh L, et al. (2014) Genomic surveillance

elucidates Ebola virus origin and transmission during the 2014 outbreak. Science 345: 1369–1372.
doi: 10.1126/science.1259657 PMID: 25214632

2. Geisbert TW, Hensley LE, Larsen T, Young HA, Reed DS, Geisbert JB, et al. (2003) Pathogenesis of
Ebola hemorrhagic fever in cynomolgus macaques: evidence that dendritic cells are early and sus-
tained targets of infection. Am J Pathol 163: 2347–2370. PMID: 14633608

3. Meertens L, Carnec X, Lecoin MP, Ramdasi R, Guivel-Benhassine F, Lew E, et al. (2012) The TIM and
TAM Families of Phosphatidylserine Receptors Mediate Dengue Virus Entry. Cell host & microbe 12:
544–557.

4. Moller-Tank S, Kondratowicz AS, Davey RA, Rennert PD, MauryW (2013) Role of the phosphatidylser-
ine receptor TIM-1 in enveloped-virus entry. J Virol 87: 8327–8341. doi: 10.1128/JVI.01025-13 PMID:
23698310

5. Lee JE, Fusco ML, Hessell AJ, OswaldWB, Burton DR, Saphire EO. (2008) Structure of the Ebola
virus glycoprotein bound to an antibody from a human survivor. Nature 454: 177–182. doi: 10.1038/
nature07082 PMID: 18615077

6. Lennemann NJ, Rhein BA, Ndungo E, Chandran K, Qiu X, Maury W. (2014) Comprehensive functional
analysis of N-linked glycans on Ebola virus GP1. MBio 5: e00862–00813. doi: 10.1128/mBio.00862-13
PMID: 24473128

7. Moller-Tank S, Maury W (2014) Phosphatidylserine receptors: Enhancers of enveloped virus entry and
infection. Virology 468-470C: 565–580.

8. Moller-Tank S, Albritton LM, Rennert PD, Maury W (2014) Characterizing Functional Domains for TIM-
Mediated Enveloped Virus Entry. J Virol 88: 6702–6713. doi: 10.1128/JVI.00300-14 PMID: 24696470

9. Bhattacharyya S, Zagórska A, Lew ED, Shrestha B, Rothlin CV, Naughton J, et al. (2013) Enveloped
Viruses Disable Innate Immune Responses in Dendritic Cells by Direct Activation of TAM Receptors.
Cell Host & Microbe 14: 136–147.

10. Mesman AW, Zijlstra-Willems EM, Kaptein TM, de Swart RL, Davis ME, Ludlow M, et al. (2014) Mea-
sles Virus Suppresses RIG-I-like Receptor Activation in Dendritic Cells via DC-SIGN-Mediated Inhibi-
tion of PP1 Phosphatases. Cell Host Microbe 16: 31–42. doi: 10.1016/j.chom.2014.06.008 PMID:
25011106

PLOS Pathogens | DOI:10.1371/journal.ppat.1004731 April 30, 2015 6 / 8

http://dx.doi.org/10.1126/science.1259657
http://www.ncbi.nlm.nih.gov/pubmed/25214632
http://www.ncbi.nlm.nih.gov/pubmed/14633608
http://dx.doi.org/10.1128/JVI.01025-13
http://www.ncbi.nlm.nih.gov/pubmed/23698310
http://dx.doi.org/10.1038/nature07082
http://dx.doi.org/10.1038/nature07082
http://www.ncbi.nlm.nih.gov/pubmed/18615077
http://dx.doi.org/10.1128/mBio.00862-13
http://www.ncbi.nlm.nih.gov/pubmed/24473128
http://dx.doi.org/10.1128/JVI.00300-14
http://www.ncbi.nlm.nih.gov/pubmed/24696470
http://dx.doi.org/10.1016/j.chom.2014.06.008
http://www.ncbi.nlm.nih.gov/pubmed/25011106


11. Bhattacharyya S, Hope TJ, Young JA (2011) Differential requirements for clathrin endocytic pathway
components in cellular entry by Ebola and Marburg glycoprotein pseudovirions. Virology 419: 1–9. doi:
10.1016/j.virol.2011.07.018 PMID: 21855102

12. Hunt CL, Kolokoltsov AA, Davey RA, MauryW (2011) The tyro3 receptor kinase axl enhances macropi-
nocytosis of zaire ebolavirus. J Virol 85: 334–347. doi: 10.1128/JVI.01278-09 PMID: 21047970

13. Saeed MF, Kolokoltsov AA, Albrecht T, Davey RA (2010) Cellular entry of ebola virus involves uptake
by a macropinocytosis-like mechanism and subsequent trafficking through early and late endosomes.
PLoS Pathog 6(9):e1001110. doi: 10.1371/journal.ppat.1001110 PMID: 20862315

14. Nanbo A, Imai M, Watanabe S, Noda T, Takahashi K, Neumann G, et al. (2010) Ebolavirus is internal-
ized into host cells via macropinocytosis in a viral glycoprotein-dependent manner. PLoS Pathog 6(9):
e1001121. doi: 10.1371/journal.ppat.1001121 PMID: 20886108

15. Jemielity S, Wang JJ, Chan YK, Ahmed AA, Li W, Monahan S, et al. (2013) TIM-family proteins promote
infection of multiple enveloped viruses through virion-associated phosphatidylserine. PLoS Pathog 9:
e1003232. doi: 10.1371/journal.ppat.1003232 PMID: 23555248

16. Cureton DK, Massol RH, Saffarian S, Kirchhausen TL, Whelan SP (2009) Vesicular stomatitis virus en-
ters cells through vesicles incompletely coated with clathrin that depend upon actin for internalization.
PLoS Pathog 5: e1000394. doi: 10.1371/journal.ppat.1000394 PMID: 19390604

17. Piccinotti S, Kirchhausen T, Whelan SP (2013) Uptake of rabies virus into epithelial cells by clathrin-
mediated endocytosis depends upon actin. J Virol 87: 11637–11647. doi: 10.1128/JVI.01648-13
PMID: 23966407

18. Finkelshtein D, Werman A, Novick D, Barak S, Rubinstein M (2013) LDL receptor and its family mem-
bers serve as the cellular receptors for vesicular stomatitis virus. Proc Natl Acad Sci U S A 110: 7306–
7311. doi: 10.1073/pnas.1214441110 PMID: 23589850

19. Saeed MF, Kolokoltsov AA, Albrecht T, Davey RA (2010) Cellular Entry of Ebola Virus Involves Uptake
by a Macropinocytosis-Like Mechanism and Subsequent Trafficking through Early and Late Endo-
somes. PLoS Pathog 6: e1001110. doi: 10.1371/journal.ppat.1001110 PMID: 20862315

20. Schornberg K, Matsuyama S, Kabsch K, Delos S, Bouton A, White J. (2006) Role of endosomal cathep-
sins in entry mediated by the Ebola virus glycoprotein. J Virol 80: 4174–4178. PMID: 16571833

21. Chandran K, Sullivan NJ, Felbor U, Whelan SP, Cunningham JM (2005) Endosomal proteolysis of the
Ebola virus glycoprotein is necessary for infection. Science 308: 1643–1645. PMID: 15831716

22. Dube D, Brecher MB, Delos SE, Rose SC, Park EW, Schornberg KL, et al. (2009) The primed ebola-
virus glycoprotein (19-kilodalton GP1,2): sequence and residues critical for host cell binding. J Virol 83:
2883–2891. doi: 10.1128/JVI.01956-08 PMID: 19144707

23. Hood CL, Abraham J, Boyington JC, Leung K, Kwong PD, Nabel GJ. (2010) Biochemical and structural
characterization of cathepsin L-processed Ebola virus glycoprotein: implications for viral entry and
immunogenicity. J Virol 84: 2972–2982. doi: 10.1128/JVI.02151-09 PMID: 20053739

24. Marzi A, Reinheckel T, Feldmann H (2012) Cathepsin B & L are not required for ebola virus replication.
PLoS Negl Trop Dis 6: e1923. doi: 10.1371/journal.pntd.0001923 PMID: 23236527

25. Bale S, Liu T, Li S, Wang Y, Abelson D, Fusco M, et al. (2011) Ebola virus glycoprotein needs an addi-
tional trigger, beyond proteolytic priming for membrane fusion. PLoS Negl Trop Dis 5: e1395. doi: 10.
1371/journal.pntd.0001395 PMID: 22102923

26. Brecher M, Schornberg KL, Delos SE, Fusco ML, Saphire EO, White JM. (2012) Cathepsin cleavage
potentiates the Ebola virus glycoprotein to undergo a subsequent fusion-relevant conformational
change. Journal of virology 86: 364–372. doi: 10.1128/JVI.05708-11 PMID: 22031933

27. Miller EH, Obernosterer G, Raaben M, Herbert AS, Deffieu MS, Krishnan A, et al. (2012) Ebola virus
entry requires the host-programmed recognition of an intracellular receptor. The EMBO journal 31:
1947–1960. doi: 10.1038/emboj.2012.53 PMID: 22395071

28. Cote M, Misasi J, Ren T, Bruchez A, Lee K, Filone CM, et al. (2011) Small molecule inhibitors reveal
Niemann-Pick C1 is essential for Ebola virus infection. Nature 477: 344–348. doi: 10.1038/
nature10380 PMID: 21866101

29. Wong AC, Sandesara RG, Mulherkar N, Whelan SP, Chandran K (2010) A forward genetic strategy re-
veals destabilizing mutations in the Ebolavirus glycoprotein that alter its protease dependence during
cell entry. Journal of virology 84: 163–175. doi: 10.1128/JVI.01832-09 PMID: 19846533

30. White JM, Delos SE, Brecher M, Schornberg K (2008) Structures and mechanisms of viral membrane
fusion proteins: multiple variations on a common theme. Crit Rev BiochemMol Biol 43: 189–219. doi:
10.1080/10409230802058320 PMID: 18568847

31. Gregory SM, Harada E, Liang B, Delos SE, White JM, Tamm LK. (2011) Structure and function of the
complete internal fusion loop from Ebolavirus glycoprotein 2. Proceedings of the National Academy of

PLOS Pathogens | DOI:10.1371/journal.ppat.1004731 April 30, 2015 7 / 8

http://dx.doi.org/10.1016/j.virol.2011.07.018
http://www.ncbi.nlm.nih.gov/pubmed/21855102
http://dx.doi.org/10.1128/JVI.01278-09
http://www.ncbi.nlm.nih.gov/pubmed/21047970
http://dx.doi.org/10.1371/journal.ppat.1001110
http://www.ncbi.nlm.nih.gov/pubmed/20862315
http://dx.doi.org/10.1371/journal.ppat.1001121
http://www.ncbi.nlm.nih.gov/pubmed/20886108
http://dx.doi.org/10.1371/journal.ppat.1003232
http://www.ncbi.nlm.nih.gov/pubmed/23555248
http://dx.doi.org/10.1371/journal.ppat.1000394
http://www.ncbi.nlm.nih.gov/pubmed/19390604
http://dx.doi.org/10.1128/JVI.01648-13
http://www.ncbi.nlm.nih.gov/pubmed/23966407
http://dx.doi.org/10.1073/pnas.1214441110
http://www.ncbi.nlm.nih.gov/pubmed/23589850
http://dx.doi.org/10.1371/journal.ppat.1001110
http://www.ncbi.nlm.nih.gov/pubmed/20862315
http://www.ncbi.nlm.nih.gov/pubmed/16571833
http://www.ncbi.nlm.nih.gov/pubmed/15831716
http://dx.doi.org/10.1128/JVI.01956-08
http://www.ncbi.nlm.nih.gov/pubmed/19144707
http://dx.doi.org/10.1128/JVI.02151-09
http://www.ncbi.nlm.nih.gov/pubmed/20053739
http://dx.doi.org/10.1371/journal.pntd.0001923
http://www.ncbi.nlm.nih.gov/pubmed/23236527
http://dx.doi.org/10.1371/journal.pntd.0001395
http://dx.doi.org/10.1371/journal.pntd.0001395
http://www.ncbi.nlm.nih.gov/pubmed/22102923
http://dx.doi.org/10.1128/JVI.05708-11
http://www.ncbi.nlm.nih.gov/pubmed/22031933
http://dx.doi.org/10.1038/emboj.2012.53
http://www.ncbi.nlm.nih.gov/pubmed/22395071
http://dx.doi.org/10.1038/nature10380
http://dx.doi.org/10.1038/nature10380
http://www.ncbi.nlm.nih.gov/pubmed/21866101
http://dx.doi.org/10.1128/JVI.01832-09
http://www.ncbi.nlm.nih.gov/pubmed/19846533
http://dx.doi.org/10.1080/10409230802058320
http://www.ncbi.nlm.nih.gov/pubmed/18568847


Sciences of the United States of America 108: 11211–11216. doi: 10.1073/pnas.1104760108 PMID:
21690393

32. Gregory SM, Larsson P, Nelson EA, Kasson PM,White JM, Tamm LK. (2014) Ebolavirus entry requires
a compact hydrophobic fist at the tip of the fusion loop. J Virol 88: 6636–6649. doi: 10.1128/JVI.00396-
14 PMID: 24696482

33. Weissenhorn W, Carfí A, Lee K- H, Skehel JJ, Wiley DC (1998) Crystal Structure of the Ebola Virus
Membrane Fusion Subunit, GP2, from the Envelope Glycoprotein Ectodomain. Molecular Cell 2: 605–
616. PMID: 9844633

34. Jae LT, Raaben M, Herbert AS, Kuehne AI, Wirchnianski AS, Soh TK, et al. (2014) Virus entry. Lassa
virus entry requires a trigger-induced receptor switch. Science 344: 1506–1510. doi: 10.1126/science.
1252480 PMID: 24970085

PLOS Pathogens | DOI:10.1371/journal.ppat.1004731 April 30, 2015 8 / 8

http://dx.doi.org/10.1073/pnas.1104760108
http://www.ncbi.nlm.nih.gov/pubmed/21690393
http://dx.doi.org/10.1128/JVI.00396-14
http://dx.doi.org/10.1128/JVI.00396-14
http://www.ncbi.nlm.nih.gov/pubmed/24696482
http://www.ncbi.nlm.nih.gov/pubmed/9844633
http://dx.doi.org/10.1126/science.1252480
http://dx.doi.org/10.1126/science.1252480
http://www.ncbi.nlm.nih.gov/pubmed/24970085


<<
  /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


