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Figure 4-3  Steric occlusion by GP on lentiviral pseudovirions. (A) Lentiviral
pseudovirions bearing GP or primed GP were incubated with KZ52, anti- V5, or anti- HA
antibodies in PBS buffer, or incubated with KZ52 antibodies in NP40 buffer. Dynabeads
conjugated to protein A were then added to IP pseudovirions. Beads were boiled in
reducing buffer, resolved by SDS-PAGE, transferred to PVDF, and blotted for GP using
polyclonal rabbit anti-GP antibodies (top panel) or polyclonal rabbit anti- V5 antibodies
(bottom panel). The anti- V5 IP indicates the amount of disrupted particles in each
sample; the anti- HA IP indicates non-specific binding. (B) To determine the amount of
antibody bound to GP or primed GP pseudovirions, KZ52, V5, or HA antibodies were
bound to particles in PBS buffer, then purified away from unbound antibodies through a
20% sucrose cushion. Pelleted particles were resuspended in Triton-X100 lysis buffer,
then immunoprecipitated and resolved by SDS-PAGE as described above. Membranes
were probed for GP with polyclonal rabbit anti-GP antibodies (top panel), and probed for
bound KZ52 antibody with anti- human IgG antibodies (bottom panel). For pseudovirion
preparations used in this experiment, primed GP was found to incorporate at levels 70%
of that of GP.
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immunoprecipitated in a buffer containing NP40 detergent (Figure 4-3 A). These results
are consistent regardless of whether one visualizes the GP; (top panel) or GP, (bottom
panel) subunits.

Although we have shown that GP prevents the IP of intact virions using the KZ52
antibody, this experiment does not address whether GP prevents the KZ52 antibody from
binding, or whether it prevents protein A from interacting with bound antibody. To
further probe this question, we performed a similar experiment, but first purified intact
pseudovirions away from unbound antibody. These re-purified particles were then lysed
and IPs were carried out in buffer containing detergent. As Figure 4-3 B shows, the
amount of bound KZ52 antibody is greater on particles bearing primed GP, compared to
particles bearing full-length GP (bottom panel). This bound antibody was capable of
immunoprecipitating both primed GP and full-length GP once the particles were lysed
(top panel). These data suggest that steric occlusion by GP may serve to interfere with
antibody binding. Additionally, because bound KZ52 can be detected on GP-bearing
pseudovirions, shielding by GP is also likely also preventing access of protein A to bound

antibodies.

Impact of GP shielding on neutralization by KZ52

We have observed that antibody access to lentiviral pseudotyped particles may be
limited by the mucin and glycan cap domains on GP. Therefore, we wanted to assess
whether this impacted the amount of antibody required to neutralize these pseudovirions.

KZ52 has been shown to neutralize replicating EBOV with an ICs of 0.3 ug/ml as well
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Figure 4-4  Neutralization of lentiviral pseudovirions by the KZ52 antibody.
Lentiviral pseudotyped particles encoding luciferase and bearing VSV G, GP and
GPAmuc (A) or primed GP (B) glycoproteins were incubated with KZ52 antibodies over
a range of concentrations then applied to 293T cells. 48 h after infection, supernatants
were removed, cells were lysed in Triton-X100 and firefly luciferase substrate was added.
Luciferase activity was measured by luminometer. All samples were performed in
triplicate and were normalized to infection of pseudovirions incubated without antibody.
Data shown are representative of at least two independent experiments. For pseudovirions
preparations used in this experiment, GPAmuc was incorporated at levels 105% of that of
GP; primed GP was incorporated at levels 98% of that of GP.
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revealed any difference in KZ52 sensitivity between forms of GP that possess or lack the
ability to shield. It is possible that the amount of antibody that is able to bind GP
pseudovirions is fully sufficient to neutralize particles so that any increase in antibody
opsonization does not impact neutralization. However, it is also important to note that
these assays have been performed using lentiviral pseudotyped particles, which are
relatively easy to produce and assay for infectivity, but may not accurately reflect the
arrangement or density of glycoprotein trimers on the surface of filoviral particles. For a
more biologically relevant comparison, neutralization assays should be performed using
filamentous virus-like particles.

The ability of GP to shield the virion surface could impact pathogenesis in several
ways. The modulation of antibody binding to neutralizing epitopes could prolong the
clearance of virus by the humoral response. This strategy could explain, in part, the
observations that the infusion of convalescent blood or passive transfer of antibodies-
including the KZ52 antibody studied here- can fail to protect experimentally infected
animals [12,13,15,16]. Virion shielding might also be critical in the natural animal
reservoir, proposed to be several species of fruit bats, in which EBOV may need to
successfully evade the adaptive immune response over a long time [41]. Additionally, the
ability of GP to shield the virion surface could impact the ability of the innate immune
response to clear the virus. Complement-mediated neutralization can occur with
antibodies through the classical pathway, without antibody opsonization through the
alternative pathway, or through interactions with mannose binding lectin (MBL) [42,43].

Indeed, the glycans on GP have been found to contain significant amounts of mannose,

145



Chapter 4

and one study has reported that GP-bearing pseudotypes can be neutralized by
complement, in part through the MBL pathway [44,45,46]. However, it is possible that
the ability to sterically shield the virion surface provides partial protection from
complement. It may be interesting to compare the effects of complement-mediated
neutralization on pseudotypes bearing GP or primed GP. Taken together, these data
indicate that highly-glycosylated domains within GP can place steric constraints on the
cell and virion surface, and suggest further study should be conducted into the effects this

may have on the recognition and neutralization of EBOV by the immune system.
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CHAPTER 5 - GENERAL DISCUSSION AND FUTURE DIRECTIONS

5.1 Summary of major conclusions

This dissertation contains three chapters exploring the interactions of the Ebola
virus (EBOV) glycoprotein (GP) with host cellular and immune responses. In chapter 2
we examined several requirements necessary for GP to induce cytopathology in cells.
The most striking conclusion from this chapter is the demonstration that the mucin
domain of GP can cause cytopathology when expressed within the context of the
irrelevant avian glycoprotein, Tva (Figure 2-1 E and Figure 2-2). The mucin domain
potently induced cell rounding, detachment, and the loss of surface staining by flow
cytometry in a manner that was nearly indistinguishable from the full-length GP. The
mucin domain was previously known to be necessary for these effects, as genetic deletion
of this domain abolished GP-induced cytopathology [1,2,3]. However, the determination
that this domain was not only necessary, but also sufficient to cause cytopathology
represented a quantum step in our understanding of the mechanism of GP-mediated
cytopathology. Chapter 2 also provided data indicating that GP was acting in a post-ER
step of the secretory pathway and was not acting through a dynamin-dependent pathway.
These were incremental advances in our understanding of the biology of cytopathology,
but they helped us to focus our attention on the plasma membrane as playing a critical
role in this phenomenon. These findings, especially the fact that the mucin domain could
be displayed at the cell surface on a heterologous protein and cause cytopathology, lead

us to consider a model of steric hindrance, which is the focus of chapter 3.

152



Chapter 5
Chapter 3 is an in-depth study of the cellular mechanism of EBOV GP-mediated

cytopathology. This chapter addresses two basic observations, and then hypothesizes a
single model to account for both. The first is the observation that, in cells displaying full
detachment from the culture dish, surface staining for GP was dim by flow cytometry
(Figure 3-1 B). This was counter-intuitive because such drastic cytopathology seemed
likely to occur in cells with the highest level of GP expression. Therefore, we proposed
the model that the epitope used in that analysis was occluded from antibody access due to
its position at the base of the structure of GP, buried under the mucin domain. We went
on to demonstrate that different epitopes on GP displayed different levels of staining by
flow cytometry, depending on their position relative to the mucin domain and glycan cap.
These experiments served as a proof of concept for our shielding model. We then tested
this model in reference to the second observation, which is that by flow cytometry GP
appeared to down-modulate host surface proteins. The critical experiment in chapter 3 is
found in Figure 3-4 D, in which DTT was used to strip GP; subunits off the cell surface.
The result of this treatment was the uncovering of previously-shielded epitopes and was
direct evidence that GP was occluding surface proteins at the plasma membrane. We then
went on to test the next logical hypothesis about the ability of GP to shield at the cell
surface: we hypothesized and found that glycosylation on GP played a significant role in
steric shielding. Our approach to analyzing surface glycans centered on enzymatic
removal of sugars from the cells surface with glycosidases, which again revealed
previously-shielded surface proteins (Figure 3-5). The strength of the approaches taken

here lie in the fact that cells in which cytopathology had already occurred could be
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manipulated to show that surface proteins that had been shielded could be uncovered.
These experiments strongly supported our model that GP, by virtue of the highly-
glycosylated mucin domain, sterically occluded surface epitopes from antibody
recognition. This model also explained our data from chapter 2, suggesting that the mucin
domain could provide its steric shield even when expressed on the Tva protein.

The third conceptual study in this dissertation is encompassed by the experiments
at the end of chapter 3 and in chapter 4. Here we wanted to further investigate the
consequences of steric shielding by GP. One consequence, which had been observed by
several previous groups, is that the shielding of integrins had the effect of disrupting
adhesion [1,2,3,4,5,6]. Given the observation that major histocompatibility complex class
1 (MHC1) was also shielded by GP, we asked whether this had the functional outcome of
disrupting antigen presentation. This hypothesis was supported by our experiments using
CDS8 T cells that are specifically activated by a tumor cell line displaying an antigenic
peptide from the human immunodeficiency virus (HIV) (Figure 3-7). The activation of
CDS8 T cells was blocked on cells expressing GP, demonstrating another functional
consequence of GP-mediated cytopathology.

Finally, we wanted to ask whether our model of shielding by GP applied not just
to the cell surface, but to the surface of the virion as well. Chapter 4 begins to address this
hypothesis and describes two interesting findings. The first is that the glycan cap- not the
mucin domain- seems to be the critical domain in shielding the KZ52 antibody from the
cell surface. This was somewhat surprising, as our previous studies found the mucin

domain to be necessary and sufficient to shield host surface epitopes (Chapter 2). We
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then used this finding to assess potential shielding of this antibody using a form of GP
that lacks both the mucin domain and the glycan cap. By removing both of these domains
implicated in shielding, we found evidence that GP places steric constraints on the
surface of retroviral pseudovirions, which blocks immunoprecipitation (Figure 4-3). Our
study went on to suggest that shielding by GP partially prevents the binding of KZ52

antibodies, but failed to find an impact on neutralization sensitivity.

5.2 Relationship of this work to previous studies

The studies presented here describe a novel mechanism for GP-mediated
cytopathology that had not been previously considered. In fact, previous studies had
implicated other factors in this phenomenon. First, a study by Sullivan and colleagues
reported that down-regulation of surface proteins was dependent on the GTPase, dynamin
[2]. This makes some conceptual sense because many surface proteins, including f1
integrin, undergo dynamin-dependent endocytosis; although, natural endocytosis of
MHCI1 is dynamin-independent [7,8,9]. We have directly addressed this report by
repeating the experiments conducted by Sullivan ef al., but found that dynamin had no
effect on GP-mediated cytopathology (Figure 2-5). It is our opinion that previous
experiments using dominant-negative (DN) dynamin were misinterpreted, due to uneven
transfection levels between samples, which gave the appearance of fewer cells showing
GP-mediated cytopathology in samples containing DN dynamin.

A second study investigating the mechanism of GP-mediated cytopathology

found that the extracellular signal-regulated kinases types 1 and 2 (ERK 1/2) pathway
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was important for the loss of host protein surface staining by flow cytometry [10]. This
group presents compelling data that expression of the mucin domain decreases the
phosphorylation of ERK2. In contrast, another report had found that Ebola virus-like
particles (VLPs) activated the ERK pathway, and that this activation was dependent on
the mucin domain [11]. Although the interactions between GP and the ERK pathway may
be complex, and GP-dependent signaling likely occurs, the initial ERK investigation
found that loss of staining by flow cytometry could be enhanced by ERK?2 knockdown or
reversed by the over expression of constitutively-active ERK2. Again, it is our opinion
that these experiments were misinterpreted due to uneven transfection levels among
samples.

The issue of signaling raises an important concern when studying GP-mediated
cytopathology. Loss of adhesion and cellular detachment may have profound effects on
cells that may relate more to the fact that the cells have detached than to the fact that GP
is expressed. For example, it has been reported that GP-induced detachment of primary
human cardiac microvascular endothelial cells results in apoptotic cell death [12]. This
anchorage-dependent apoptosis, or anoikis, likely results from “outside-in” signaling by
integrins through the phosphoinositide-3 kinase/AKT and other pathways to begin
programmed cell death [13,14,15]. Additionally, upon detachment, integrin signaling at
focal adhesions is lost, leading to the inactivation of focal adhesion kinase and the
subsequent loss of ERK signaling [16]. This likely explains the previous finding that GP
leads to loss of ERK2 activation, and would indicated that GP and ERK interactions are

only indirect [ 10]. Interestingly, different cell types have different dependences on
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anchorage for survival. A previous report from our group found that 293T cells
transiently expressing GP readily detached from the culture substrate, but remained
viable and regained adherence after additional culturing [1]. Taken together, these studies
highlight the need for careful consideration when examining the biology of detached cells
from adherent lines.

Another area of concern when studying GP-mediated cytopathology is the relative
expression level of GP achieved during transient expression compared to GP expression
during EBOV infection. It is possible or even likely that GP levels produced during
infection can be exceeded by over-expression systems. Moreover, we have observed that
GP-induced epitope shielding occurs only when GP expression reaches a certain
threshold (discussed in section 2.5), and others have reported that when GP expression is
driven by less active vectors, cytopathology is not observed [17]. Is it possible, then, that
the phenomenon of GP-mediated cytopathology is simply an artifact of over-expression?
Two reports have addressed this issue directly. In the first, 293T cells were infected with
EBOV; rounded and floating cells were observed at significant levels at 24 and 48 hours
post infection, and loss of integrin and MHC staining was observed by 48 hours [17].
The second study compared GP expression levels from an adenoviral expression system
to EBOV infection in human umbilical vein endothelial cells, both of which were found
to induce cell rounding. This report determined that GP expression levels were equivalent
by western blot [3]. These studies indicate that GP-mediated cytopathology occurs during
EBOV infection and that GP expression does not have to be driven to non-physiological

levels to study these effects. Although the studies in this dissertation were not repeated
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using live EBOV, we have used both an Adenoviral expression system and mammalian
expression vectors at carefully titrated levels to guard against overt over-expression.

The studies presented in this dissertation benefited greatly from the determination
of the crystal structure of the EBOV GP by the Saphire lab, which was published as our
work was ongoing [18]. Our hypothesis that the mucin domain and glycan cap might
provide a steric shield to nearby epitopes is conceptually supported by the position and
size of these domains. The co-crystallization of GP with the KZ52 Fab further supports
our model, because the position of this epitope is demonstrated to be beneath the heavily-
glycosylated domains of GP. The mucin domain was genetically deleted in the construct
used to determine the structure; however, its general position was modeled (Figure 1-4).
Of note, the Saphire lab recently presented a low-resolution structure of the mucin
domain within soluble, trimeric GP, determined by small-angle X-ray scattering [19].
This structure indicates that the mucin domain extends up and out to the side of the
chalice-structured globular core, again supporting the concept that this domain could
provide steric shielding to nearby proteins.

Our model of steric hindrance by GP at the cell surface is additionally supported
by a recent study that compared surface staining of cells expressing GP using a panel of
anti- GP monoclonal antibodies [20]. This study concluded that differences in GP surface
staining were due to masking by GP and that this likely applied to other host surface
proteins. This study proposes an identical model of steric occlusion to the one presented
here, but their evidence is indirect. They do not directly test their model by mapping the

epitopes of their monoclonal antibodies to show that epitope shielding occurs relative to
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the highly-glycosylated regions. They use immunofluorescence and biochemical
membrane fractionation to show that surface levels of affected host proteins are
unchanged by GP - a finding that is highly suggestive of shielding - but do not provide
direct evidence of the model by uncovering previously-shielded epitopes, as we have
done in these studies.

One interesting product of these studies is the development of our primed GP
construct. Primed GP mimics the cathepsin processing that occurs during viral entry to
expose the receptor-binding domain (RBD) and allow for fusion [21,22,23,24]. Because
this is a critical step in the EBOV replication cycle, we have endeavored to characterize
primed GP to demonstrate its potential utility as tool for the study of EBOV entry (Figure
4-1). Therefore, it was concerning that Shedlock et al., found that cathepsin L-processed
GP could not longer be immunoprecipitated by the KZ52 antibody and pseudovirions
bearing cathepsin L-processed GP could not be neutralized by KZ52 [25]. This disagreed
with our findings that primed GP-bearing pseudovirions could be immunoprecipitated
and neutralized by KZ52 (Figures 4-3 and 4-4) and calls into question our claim that our
primed GP construct accurately reflects the structure of cathepsin-processed GP. As
discussed at length in section 4.5, in vitro cathepsin treatment may result in a less stable
form of GP that more readily undergoes further conformational rearrangements, which
would likely destroy the KZ52 epitope. Alternatively, cathepsin could be proteolytically
cleaving at a non-canonical site other than in the disordered loop that connects the glycan
cap to the head domain, which would not be reproduced by our primed GP construct.

This seems unlikely though, as an in-depth biochemical analysis of the GP products of
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cathepsin L processing identified the disordered loop as the only region of proteolysis
[23]. Furthermore, that report also found by surface plasmon resonance that the KZ52
antibody could bind soluble cathepsin-processed GP. In separate studies not germane to
this dissertation, we have preliminary data suggesting that primed GP also mimics the
increased binding and infectivity associated with in vitro cathepsin processing of GP
[24,26]. Therefore, we re-assert our claim that our primed GP construct accurately
reflects the processing of GP by cathepsin L, and that this construct should be of use in

the study of EBOV entry.

53 Role of GP-mediated cytopathology in EBOV pathogenesis

One major focus of this dissertation was to explore the functional consequences of
steric occlusion by GP. We have approached this topic from two angles: the shielding of
host surface proteins and the shielding of neutralizing epitopes on GP. It has been
appreciated by many groups that GP disrupts cell adhesion [1,2,3,4,5,6]. The fact that the
mucin domain is necessary and sufficient for this effect is not entirely surprising, as
cellular mucin proteins have long been known to be potent modulators of adhesion
through a similar mechanism of steric hindrance [27,28,29,30,31]. However, we also
noted that work on mucin proteins in the field of cancer biology has demonstrated that
cellular mucin proteins may also act to protect tumor cells from recognition by the
immune system [30,32,33]. One particularly intriguing report proposed a model of steric

shielding of the cell surface by Muc4, which would then prevent antibody and cytotoxic
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lymphocyte recognition of a cancerous cell [32]. Because we have also demonstrated
potent shielding of MHC1, we investigated the role of shielding in blocking interactions
with cytotoxic T cells (Figure 3-7). Our findings suggest that GP expression could protect
infected target cells from cellular immune surveillance in a similar manner to that
observed in mucin-expressing cancer cells. It is unknown whether this mechanism occurs
during EBOV infection. One could argue that because EBOV induces bystander
apoptosis of lymphocytes, an adaptive immune response is not an important factor that
has to be directly avoided during infection [34,35,36]. However, these observations are
specific to humans and non-human primates, which are non-natural hosts for EBOV. In
the natural host to EBOV, possibly fruit bats, the virus may have established an interplay
with the immune response in which it is necessary to avoid the killing of infected cells by
cytotoxic lymphocytes. Additionally, the disruption of MHC and other cellular adhesion
molecules may have the functional consequence of preventing professional antigen
presenting cells (APCs) from trafficking or properly stimulating lymphocytes. It is known
that monocytes and dendritic cells are early targets of infection and that these cells are
functionally compromised by EBOV infection [37,38,39,40]. While the active
suppression of the interferon response by EBOV VP24 and VP35 plays a likely role in
disrupting APCs’ effector functions, GP-mediated disruption of surface protein function
may further compromise their activities. Indeed, we have previously shown that PECAM-
1, a cell-adhesion molecule critical for leukocyte diapedesis, is shielded by GP in
HUVEC cells [1].

The second aspect of GP-mediated cytopathology is the ability to shield

161



Chapter 5

neutralizing epitopes on GP. From this observation, we designed experiments to test
whether shielding of the neutralizing KZ52 epitope would affect pseudovirion
neutralization (Figure 4-4). Despite our inability to observe such an effect using lentiviral
pseudovirions, we have observed that GP places steric constraints on these particles that
may prevent antibody binding (Figure 4-3). There is also reason to believe that the
glycosylated regions on GP may impact the immune response to EBOV virions. Indirect
evidence for this theory can be found in a study in which mice were vaccinated with full-
length or cathepsin-processed GP [23]. The authors found that sera from the cathepsin-
treated GP samples was 3-fold better at neutralizing GP-bearing lentiviral pseudovirions.
This suggests that the mucin domain and glycan cap are partially preventing the immune
response from making antibodies to the most potently neutralizing epitopes. It follows,
then, that GP lacking these domains might be more easily neutralized during infection.
This model is reminiscent of one proposed for HIV, in which N-linked glycans on the
envelope protein (Env) serve to protect critical components, including the CD4 receptor-
binding domain, from antibody pressure [41]. Indeed, current HIV vaccination strategies
involve the modulation of Env glycosylation sites to illicit more protective immune
responses [42,43]. Here again, it is likely that the effect of protection of EBOV from
neutralizing antibodies may be more vital in the natural host to EBOV, in which the virus
may persist for long enough to encounter pressure from a humoral immune response.
Interestingly, it has been reported that antibody responses from human survivors of Ebola
hemorrhagic fever were primarily directed against the VP40 protein and the

nucleoprotein [34]. It seems likely, then, that steric shielding can occur on EBOV
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particles, but the contribution of this mechanism on pathogenesis needs to be further
characterized.
5.4 Future directions

The studies in this dissertation have elucidated the cellular mechanism of GP-
mediated cytopathology. However, significant questions are raised by this work that
remain to be addressed. Although our model of steric shielding at the plasma membrane
is well supported by the studies in chapter 3, the observation of a threshold requirement
for GP to shield surface epitopes could be further explored. It is clear from our work and
that of other groups that low levels of GP expression do not cause cell detachment or loss
of surface staining by flow cytometry (Figure 2-4 and [17]). What changes occur in cells
that have just reached the threshold of GP expression necessary to cause cytopathology?
One possibility is that surface GP re-localizes into specific microdomains, such as lipid
rafts, at a certain surface density. GP has been suggested to target to lipid rafts during
infection; however, in-depth studies have not been conducted [44]. Additionally, our
finding that the GP mucin domain causes cytopathology from the transmembrane-
anchored, but not GPI-anchored form of Tva suggests the importance of surface
microdomains (Figure 2-2). It would be feasible to stain cells for GP, and then sort cells
by flow cytometry that do or do not display the required GP expression for
cytopathology. These populations could then be fractionated on density gradients to
query whether GP has localized into low-density fractions containing lipid raft
components.

Another intriguing question left unanswered by these studies is the stoichiometric
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requirements for GP-mediated cytopathology. For example, does it take one GP trimer to
effectively shield an integrin molecule or does it take 5 or 10 trimers? This question
could potentially be answered using quantitative flow cytometry to measure and compare
the number of surface molecules of GP to that of an affected host protein. This requires
identifying antibodies whose epitopes are not shielded by GP so that an accurate
comparison would be made. We and other groups have shown that such un-shielded
epitopes can be found on GP; however, our analysis of several MHCI epitopes suggests
this could be more challenging for host surface proteins (Figures 3-3, 3-6 and [20]).

Our observation that MHCI1 is functionally shielded by GP so that they cannot be
recognized by CD8 T cell receptors raises the possibility that EBOV infected cells would
become targets for natural killer (NK) cells (Figure 3-7). However, killing by NK cells
requires not only the loss of MHCI, but also the engagement of NK activating ligands
[45,46]. Therefore, it would be interesting to ask whether GP also sterically shields
surface MICA, MICB and ULBP proteins, which are activating ligands for the NK
receptor, NKG2D [47,48]. Effective shielding of these ligands might block the activation
and subsequent killing of targets by NK cells.

Our observations that GP may shield the surface of the viral particle require
further experimentation in two areas. The first extends from the finding that the GP
mucin and glycan cap domains limit the amount of KZ52 antibody bound to
pseudovirions, yet do not alter the neutralization profile to this antibody (Figures 4-3 and
4-4). Variations in virion surface density or arrangement of glycoproteins could vary

depending on the type of particle used to pseudotype GP. Therefore, filamentous Ebola
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VLPs should be used in neutralization assays, as they will more accurately reflect the
nature of EBOV virions. It should be noted, though, that production of VLPs gives rise to
a heterogeneous population of particles that have different morphologies. Recent work on
Marburg virus VLPs demonstrated that filamentous particles exclude host proteins that
are often incorporated into more vesicular particles, which co-purify in VLP preparations
[49]. Because the presence of host proteins may affect levels of GP incorporation,
vesicular particles need to be purified away from filamentous particles.

The finding that GP may shield the particle surface also raises the possibility that
this could help protect virions from complement-mediated neutralization. One study has
examined the sensitivity of GP-bearing pseudovirions and found them to be sensitive to
complement [50]. It would be interesting to ask whether complement sensitivity is altered
by the presence of the mucin and glycan cap domains. It is possible that steric shielding
could effectively prevent the deposition of complement components, an effect that would
perhaps be more pronounced with VLPs.

These additional experiments and future directions will help clarify the
mechanism by which GP sterically shields proteins in the surrounding membrane. They
will also begin to query the role that GP-mediated cytopathology plays in viral
pathogenesis and potentially illuminate new ways in which EBOV counters the immune
response. Ultimately, the best method to study the effects of GP-mediated cytopathology
will be the creation of EBOV with genetic deletions in the GP mucin domain and glycan
cap. This is technically feasible, as a reverse genetic system exists for EBOV [6,51].

However, EBOV containing deletions in the highly-glycosylated domains of GP could
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complicate studies of pathogenesis because of the critical roles these domains may play

in viral entry.
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