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ABSTRACT: A number of studies have suggested that the anionic phospholipid (anPL)-binding protein
annexin Il may play a role in cytomegalovirus (CMV) infection. Since annexin Il has been shown to
mediate aggregation and fusion of certain membranes, we investigated whether these properties could be
exploited by CMV directly. The experiments showed that purified annexin Il, but not the homologous
protein annexin V (AnV), can mediate the binding3$-CMV (strain AD169) to anPL-coated microtiter

wells. This association required €acould be titrated by varying either annexin Il (appargpt= 4 x

108 M) or 35S-CMV, was inhibited by unlabeled CMV, and was observed for the heterotetrameric or
monomeric form of annexin Il. In experiments utilizing the fluorescence dequenching of octadecyl
rhodamine incorporated into the CMV envelope, annexin Il was furthermore found to enhance the rate of
virus—anPL vesicle fusion. The observed fusion was dependent on the concentration of annexih, Il, Ca
and anPL and was mediated principally by the heterotetramer. Interestingly, AnV was observed to inhibit
the effects of annexin Il on CMV fusion but not binding to anPL, which indicates that annexin Il en-
hances these processes by distinct mechanisms. The results presented here provide the first direct evidence
that annexin Il has the capacity to bridge CMV to a phospholipid membrane and to enhanee virus
membrane fusion. These observations furthermore suggest that AnV may regulate the fusogenic function

of annexin Il.

Annexin Il is a member of the annexin/lipocortin family
of proteins [for reviews, seel( 2)]. Each annexin type

functional studies indicating that at least a significant
proportion must be Allt §).

contains internal homology repeats and interacts with anionic  The known in vitro functions of Allm and Allt differ. At

phospholipid (anPL)in the presence of Ca Annexin Il is
unique since it exists both as a 36 kDa monomer (Allm),

extracellular concentrations of &a(approximately milli-
molar), both forms are able to aggregate anPL-containing

which is typical of annexins, and as a noncovalent hetero- membranes; however, only Allt is believed to participate in

tetramer (Allt) that consists of two Allm subunits joined by
a dimer of an 11 kDa protein (p11). Allm and Allt coexist
within a given cell, with Allm being found in the cytosol
and Allt being predominantly bound to the intracellular
leaflet of the plasma membran®.(Annexin Il has also been
identified on the surface of a number of cell typds-7),
with antigenic data suggesting exclusively Alli),( but

processes that may enhance fusion of apposing membranes
(9—12). An even more significant difference lies within the
cell, where the lower Ca concentration (approximately
micromolar) allows only Allt to interact with anPL. In this
regard, Allt is distinct from all other annexins, including
Allm, which require much higher Ca levels to facilitate
association with anPL. The regulation of the anPL-binding,
phospholipid membrane aggregation, and fusion functions
of annexin Il is incompletely understood)(and has been
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binding, (L1, 14). The in vivo functions of annexin Il are at
present speculative; however, in vitro data strongly support
a role in membrane traffickinglb, 16).

Recently, annexin Il has been implicated in the multistep
process leading to infection of cells by the highly prevalent
cytomegalovirus (CMV). Like all members of the herpesvirus
family, CMV is covered by an envelope that is composed
of phospholipid derived from the host cell and proteins
encoded by the virus as well as the host genomes. The first
step of infection is a relatively weak interaction between virus
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envelope constituents and cell surface heparan sulfate pro-homogenate was spun for 40 min at 2508nd the pellet
teoglycan (HSP), which is believed to prime the cell for a was resuspended and homogenize@ L of EB containing
higher affinity interaction 17, 18) and subsequent CMV 5 mM EDTA. The second homogenate was centrifuged and
envelope-cell membrane fusionl@, 20). Studies conducted the clarified supernatant applied & 1 L column of DEAE

by several investigators involving cell surface labeling and cellulose (Pharmacia) equilibrated in 25 mM Tris, pH 7.7.
detergent solubilization of the membrane components en-The colorless flow-through was collected, concentrated by
abled the identification of a CMV-binding proteit®,(21, ultrafiltration (Amicon, YM 10) to 50 mL, and dialyzed
22) that was detected in appreciable amounts only on against 50 mM 24{-morpholino)ethanesulfonic acid, pH 6
productively infected cell types2() and was therefore  (MES buffer). The dialysate was applied to a 50 mL column
suggested to represent the second CMV recefdfdr18). of S—Sepharose (Pharmacia), washed, and eluted with a
Amino acid sequence analysis later correlated this protein0—0.6 M NaCl gradient in a total volumefd L of MES

to annexin Il 6). Reports that annexin ll-specific antibodies buffer. Phospholipase Anhibitory activity was assayed as
inhibited both CMV infection of cellsZ3) and the fusion of previously described3@). Of the two activity peaks that
cells transfected with the CMV-encoded glycoprotein B (gB) eluted, the first contained annexin | (Anl) and the second
(24) further support a role for annexin Il in CMV infection.  Allm and p11, as determined by Western blot analysis using

While considerable evidence has demonstrated that an-the respective monoclonal antibodies (Zymed). The second
nexin Il can associate separately with purified CV8/ 23, peak was pooled, concentrated, and subjected to MONO S
25) or an anPL-containing membrang R6—28), the ability ~ chromatography (HR 5/5, Pharmacia) using a gradient of
for annexin Il to simultaneously bind both and thereby fulfill 0—0.3 M NaCl in MES buffer. Protein concentration was
the proposed virus receptor function has not been establisheddetermined by a colorimetric assay (BCA, Pierce). To remove
Furthermore, it is reasonable to hypothesize that the fuso-trace contamination of Anl, which like annexin Il is known
genic function of annexin Il may also have a role in CMV 0 aggregate anPL-containing membranes, the sample in HBS
biochemistry, although this possibility has not been inves- Was passed over an immunoaffinity column specific for Anl.
tigated. To address these questions directly, we have usedEvaluation of the final product by two-dimensional electro-
synthetic anPL-containing membranes as a surrogate hosPhoresis 83, 34) and Western blot analysis showed that the
membrane. The results obtained show that annexin Il can@nnexin Il pool contained Allm and p11 antigen. Unlike a
indeed bridge the CMV surface and anPL present on aPrevious report27), a range of isoelectric forms of Allm
separate surface. Our studies also revealed that annexin IWas not observed (not shown). To approximate the cellular
can participate in virus envelop@nPL membrane fusion.  Pool of annexin I, no attempt was made to separate the Allm
Thus, CMV is capable of exploiting host annexin Il to and Allt in this mixture, which is referred to here as Alltm.

mediate at least two processes that are pivotal early in theThe molecular mass of Allm was used [38.5 kDB2){ to

pathway leading to cell entry. estimate the molar concentration. Alltm preparations were
observed to contain a trace amounbb) of a nonreducible
EXPERIMENTAL PROCEDURES species (approximately 72 kDa) that was recognized by the

Allm mAb. The identity of this protein is currently under

Virus Preparation.CMV strain AD169 was grown in  investigation. In some experiments, the function of Alltm
human foreskin fibroblasts (HFF), purified by tartrate  was compared to human recombinant Allm (rAllm) and
glycerol ultracentrifugation, and quantified by electron povine Allt (bAllt), which were purified and characterized
microscopy as previously describezB). Where indicated,  as previously reportedl). Purified recombinant annexin
UV inactivation of virus was carried outfd honiceata Vv (AnV), known to contain no other detectable type of
distance of 5 cm from a germicidal lamp (30 W, G30T8, annexin, was obtained as a kind gift from Dr. T. Yokoyama
Sankyo Denki Co., Japan) and verified by plaque assay. Virus(Kowa Co. Ltd., Japan).
was radiolabeled by adding a total of 4 mCi &fd]- $3-CMV Binding AssayBreak-away microtiter wells
methionine (in vivo cell labeling grade, Amersham) to 8 (Immulon 3, Dynatech) were coated with Q.§ per well of
T-175 flasks of HFF, at 1 week post-infecticfS-CMV was a mixture of 25% phosphatidylserine (PS) and 75% phos-
harvested approximately 7 days later when the cytopathic phatidylcholine (Sigma) or no phospholipid, and blocked
effect of infection was maximal, and was purified and with 10 mg/mL bovine serum albumin (BSA, Sigma)
quantified as described for the unlabeled preparati@®s (  overnight at 4°C, as previously describe®%). Samples
Octadecyl rhodamine (R18, Molecular Probes) was incor- containing3*S-CMV with or without purified annexin II,
porated into UV-inactivated CMV (R18-CMV) by adding Anv, or C&* were added in 10@L volumes in HBS, and
R18 (154M) to virus (10 particles/mL) and incubating at  incubated fo 1 h at 37°C. Wells were washed 3 times in
22 °C for 1 h, as described3(). The unbound R18 was  the appropriate buffer; then boufts-CMV was quantified.
removed by chromatography over Sephadex G-75in 20 MM R18-CMV Fusion AssayEusion of R18-CMV (18-10°
HEPES, 150 mM NaCl, pH 7.4 (HBS). vp/mL) to small unilamellar vesicles, containing 75% phos-

Protein PreparationThe method for annexin Il purifica-  phatidylcholine and 25% phosphatidylserine (PCPS), was
tion was based on a previous descripti8t)( About 600 g followed at 37°C using an SLM 8000c spectrofluorometer
of fresh human placenta was rinsed well in a solution of with excitation at 56Gt 8 nm and emission at 586 8 nm
ice-cold phosphate-buffered saline (PBS) containing 5% in a 1 cmpath length quartz cuvette, as describad 36).
sucrose and 1 mM benzamidine (Sigma), transferred to Fluorescence data were accumulated in the ratio mode. Rates
elution buffer (EB: 25 mM Tris, 1 mM benzamidine, 25 of fusion were derived by linear regression of the initial linear
ug/mL pepstatin A, pH 7.7), and homogenizedi L of EB phase of the kinetic profiles. To compare different prepara-
containing 5 mM C#& using a Polytron (Brinkman). The tions of R18-CMV, the data were normalized with the
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Ficure 1: Demonstration of Allm and Allt associated with CMV. 0 100 2?0 300 400
The indicated amounts of bAllt and purified CMV were subjected Annexin Il (nM)

to SDS-PAGE, electrotransferred to nitrocellulose, and probed
separately with antibodies specific for Allm or p11. Bands were
detected by chemiluminescence (ECL, BioRad).

Ficure 2: Annexin ll-mediated enhancement, specificity, ané'Ca
dependence ofS-CMV binding to phospholipid. Constant con-
centrations of°S-CMV (7.3 x 10'°virions/mL) and C&" (2 mM)

maximal rate of fluorescence change observed being 100% were incubated in PS-coated or uncoated microtiter wells at various

The PCPS was prepared and quantified as previously reporte@oncentrations of Alltm®, n = 4 + SD), bAllt (&, n = 1), or
prep q P yrep rAllm (A, n = 1), and the counts remaining bound after washing

(37). were quantified. The PS-dependent data for Alltm were iteratively
RESULTS fit to a binding model assuming a single class of sites after being
corrected for nonspecific binding in the absence of annexin Il.

Type of Annexin Il on CMVAIIm antigen has been Inset: Microtiter wells were incubated at 3€ with purified %S-
previously reported as an endogenous constituent of puriﬁedgm\éx(iiﬁ? (EZM'G)@ X\'r';'\‘;“(? éor '&I)h (‘)":'tgagj ‘("S“%OM“; PESE;gﬁ"’\‘:I'Qﬁl’
CMV (23). To determine whether th|s_ is Allm or A”_t’ WE " was Washed; :nd the reméin?ng counts bound were quantified (
conducted Western blot analyses, which are shown in Figure= 4 1+ sp).
1. The relative intensity of bands recognized by antibodies
specific for human and bovine Allm or p11 that is expected
for 100% Allt was determined by using highly purified bAllt
as a control. Both Allm and p11 antigen were detected in
association with CMV. However, in comparison to the bAllt,
the relative intensity of Allm:P11 bands derived from CMV
was significantly greater. This indicates that both Allm and
Allt are associated with CMV and therefore both Allm and
Allt are introduced into our experiments upon addition of
CMV. For this reason and because it has not yet been
reported which form(s) of annexin Il may exist on the cell | —
surface, a purified mixture of Allm and Allt (Alltm) was 3 4 5 6 7 8
Eglrlr;?;rly gr;\;estlgated in our model systems to mimic the Unlabeled CMV (log vp/well)

Effecte)f Annexin Il on CMV Binding to anPL-Containing FIGURE 3: Inhiblitionl of ann%isn IIl-mediated bi“ggng .@fS'CMn/
MerbranesTo determine whether annexin Il can simuta: (&1L b dnsbeled WS Y (68 17 ionshuel)
neously interact with CMV and anPL-containing synthetic (2 mm), and the indicated amount of unlabeled virus. Inset:
membranes, microtiter wells were coated with a source of Constant concentrations of Alltm (1.@1) and C&* (2 mM) were
anPL (i.e., PS) and incubated wits-CMV in the presence  incubated in PS-coated microtiter wells and titrated WigCMV.
or absence of annexin Il. The inset to Figure 2 shows that All data were corrected for the CPM remaining bound in the absence
Alltm enhanced®S-CMV binding to the PS-coated microtiter of Alltm (n = 4 % SD).
wells by at least 3-fold over the controls under these To determine whether Allt or Allm can participate in the
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conditions. This effect was dependent on?Cand phos- CMV—anPL interaction, purified bAllt and rAllm were
pholipid. Specificity was demonstrated by observing that the titrated. Their effect or**S-CMV binding to anPL, also
homologous protein AnV did not increase the binding®&¢ shown in Figure 2, was indistinguishable from that of Alltm.

CMV to anPL-coated microtiter wells compared to no added This indicates that both Allt and Allm comparably bridge
Alltm in the presence or absence ofCar anPL. When CMV to anPL.

the amount of®S-CMV was held constant and the concen-  The reversibility of the virus Alltm —anPL interaction was
tration of Alltm was varied, saturation binding was observed. established by showing that the anPL-bodf@tCMV was
These data are presented in Figure 2 and are corrected foguantitatively displaced by excess unlabeled CMV (Figure
the amount off®*S-CMV binding in the absence of Alltm  3). The inflection point of inhibition was observed to be at
(<15% of the CPM observed at saturation). An apparent an amount of unlabeled CMV approximately equivalent to
dissociation constant of 42:60%) nM was derived by  the amount of¥*S-CMV added (6x 10° vp). To further
fitting the data to a model that implicitly assumed a single establish the ability of Alltm to bridge CMV and anPL-
class of binding sites. Thus, annexin Il specifically mediates containing membranes, an additional binding experiment was
an interaction between CMV and anPL. conducted where the Alltm was held in excess and radio-
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FiGure 4: Effect of annexin Il on R18-CMV fusion to anPL = 757
vesicles. Panel A: R18-CMV was added to various concentrations 2
of Alltm and allowed to equilibrate to 37C. A small volume of T 507
PCPS was added to give a final concentration ofubds Initial 5
rates of fluorescence change were determined from kinetic data 2 o5
and relativized to the maximum rate observed. Panel A, inset: Raw & +
data from which the rate of fluorescence signal change was derived oJ . : : .
in the presence of 18 nM&) or no @) Alltm. Panel B: C&" was 0 10° 10" 10*  10°
titrated in the presence@®] or absencel) of Alltm (18 nM) at AnV (nM)

constant PCPS (14M). Panel C: As in panel A except that rAllm . . e .

was titrated {coefficient of variation from linear regression FIGURES: Effect of AnV on annexin Il-mediated binding and fusion

analysis). to anPL. Panel A: Binding oPS-CMV to anPL-coated wells was
followed as described in Figure 2 with Alltm held constant (180

. . . . nM) and AnV varied. Panel B: Fusion experiments were conducted
labeled virus was titrated (Figure 3, inset). The amount of _<"yascribed in Figure 4 in the presen@ br absencem) of

#S-CMV bound in the absence of Alltm to PS-coated wells constant Alltm (18 nM) with the indicated amounts of AnV.

at each input level ot°S-CMV was subtracted<(30% of

the CPM observed at maximum concentration of virus) to  The dependence of Alltm-mediated CMnPL vesicle
follow Alltm-dependent binding of°S-CMV to phospho-  fusion on C&" is shown in Figure 4, panel B. The half-
lipid. The binding 0f**S-CMV was observed to be enhanced maximal rate of fusion was observed at approximately 1 mM
in the presence of Alltm and was dependent on the amountCa" in the presence of Alltm (18 nM). Conversely, the
of radiolabeled virus added. Under these conditions, satura-observed basal level of fusion in the absence of added Alltm

tion was not achieved, which may be due %$-CMV was independent of the concentration ofCa
aggregation as a consequence of the excess Alltm concentra- Since Allm has been shown to be incapable of enhancing
tion used. membrane fusion in several systems, we tested whether this

Effect of Annexin Il on the Fusion of CMV with anPL- is also true in our CMV model. The data shown in Figure 4,
Containing Vesiclegdaving established that annexin Il can panel C, demonstrate that over the concentration range where
facilitate virus-anPL interactions, we next investigated Alltm is effective (panel A), rAlim does not enhance R18-
whether Alltm can contribute to the fusion of CMV with CMV—anPL fusion. The most likely explanation for this
anPL-containing membranes. To do so, the fluorescentresult is that the Allt present in our Alltm mixture is
amphiphile R18 was incorporated into the CMV envelope responsible for the observed enhancement of fusion. While
at the minimal amount that induces significant autoquenching no significant differences were reported previously when
(>70%), and probe dilution due to fusion with unlabeled established functions of native compared to recombinant
vesicles was followed by fluorescence dequenchy38— Allm (including Allt formation) were evaluatedl1@), we
40). To avoid the possibility that the observed rates of fusion cannot yet exclude the possibility that the relative lack of
were dependent on the rate of binding, as previously effect lies in the use of recombinant protein. We furthermore
described by Nir et al. 41), we used right-angle light cannot eliminate a possible contribution arising from the 72
scattering at 320 nm (data not shown) to establish concentrakDa species in our Alltm preparations, which we hypothesize
tions of CMV and PCPS that ensured particle association is an Allm dimer based on antigenicity. Interestingly, at very
was instantaneous compared to the rate of R18-EMV high concentrations of rAllm, ranging from 400 to1000 nM,
vesicle fusion even at the lowest amount of Alltm (2 nM). a significant enhancement of fusion was observed. This may
Furthermore, to establish that the PCPS concentration wasbe initiated by high avidity binding of CMV to anPL
in excess and consequently did not limit the observed ratesmediated by Allm, followed by the participation of endo-
of fusion over the range of annexin Il used, a PCPS titration genous viral Allt in the fusion process.
was conducted (data not shown). Effect of AnV on Annexin Il-Dependent Binding and

Figure 4, panel A, shows that Alltm enhances the observedFusion of CMV to anPLSince AnV was not observed to
rate of R18 probe dilution (i.e., dequenching) due to fusion enhance binding of CMV to anPL on microtiter wells, we
with unlabeled PCPS vesicles. Under these conditions, anhypothesized that competition for anPL binding sites by AnV
apparent plateau region in the titration curve was reachedwould attenuate the effects of Alltm on CM\anPL binding
by 18 nM Alltm. To demonstrate the specific enhancing and fusion. To test this possibility, we followeéés-CMV
effect due to added Alltm, the data were corrected for the binding to anPL-coated microtiter wells at a concentration
base line rate of CMVanPL vesicle fusion. The inset to of 180 nM Alltm, which we found saturated the available
Figure 4 shows representative examples of the raw R18binding sites (see Figure 1). Under these conditions, the
fluorescence signal over time, which were collected in the addition of up to a 100-fold molar excess of AnV reproduc-
presence of 18 nM or no Alltm. Linear regression of these ibly had no effect (Figure 5, panel A). Conversely, in R18-
data and derivation of slopes showed that added Alltm CMV—anPL fusion experiments (Figure 5, panel B), the
enhances the rate of fusion by approximately 5-fold. effect of 18 nM Alltm, which we observed to give a 5-fold
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enhancement of the rate of fusion (see Figure 4), was Having established that annexin Il can bridge CMV to
completely inhibited by a 50-fold excess of AnV. To control anPL membranes and fulfill the proposed virus receptor
for possible effects of AnV alone on the fusion processes, function, we next investigated the possibility that fusion of
AnV was titrated in the absence of added annexin Il. CMV to anPL-containing vesicles may also be facilitated
Although purified AnV has been concluded to have no effect by annexin Il. To follow fusion, the well-documente80(
on anPL fusion processe$d), we observed a moderate, but 38—40) amphipathic fluorescent probe R18 was incorporated
significant, 2-fold increase in the rate of fusion (Figure 5, into the CMV envelope. We observed that Alltm (18 nM)
panel B). How this effect is being mediated by AnV is at enhanced the apparent rate of fusion by at least 5-fold under
present unclear, since we did not observe an enhancementhe conditions employed and in accord with the anPL binding
in CMV—anPL binding. We are currently investigating the of annexin Il was dependent on €aEquivalent concentra-
simultaneous contribution of other viral constituents. tions of rAllm did not facilitate fusion, indicating that the
Allt component of the Alltm was responsible for the
DISCUSSION observed effects in this experiment. These data provide the
Since 1993 it has been known that CMV first weakly first evidence that annexin Il can function after the CMV
interacts with the cell surface, which primes the cell and/or membrane attachment step as a mediator of fusion between
virus for a second higher affinity interactioa8). Previous the virus and membrane, which is a process essential for
work from our laboratories has strongly implicated the anPL- host cell entry.
binding cellular protein annexin Il as the high-affinity To understand the function and regulation of annexin Il
receptor. Notably, the purified virus was shown to selectively in membrane trafficking, adrenal medulla chromaffin gran-
bind annexin Il derived from the surface of solubilized host ules have previously been well studied as a biological model.
membranesf), to have endogenous surface annexir28)( Work from several laboratories is elucidating a sequential
currently shown to consist of Allt and Allm, and to have regulatory mechanism involving phosphorylation of annexin

accessible anPL available for annexin Il bindir9,(43). II. The combined data suggest that chromaffin granule
We have further shown that a polyclonal Allm antibody aggregation is mediated only by unphosphorylated annexin
significantly decreased CMV infectior2®). Despite con- I (13). After aggregation, the annexin Il must then be

siderable data implying a role for annexin Il in CM\¢ell phosphorylated by a tyrosine kinase to facilitate membrane

interactions, there is no evidence to date that shows annexinfusion, and only Allt can participate in this processl)
Il is able to simultaneously bind CMV and a biological The Alltm used in our studies had undetectable phospho-
membrane. Part of the goal of the current study, therefore, tyrosine (not shown) when probed with a specific monoclonal
was to determine whether annexin Il independently has this antibody (Sigma). Therefore, our observation that Alltm can
capacity. In a cellular experimental system a clear answer mediate both CMV binding and fusion to membranes without
to this question is difficult to obtain due to the fact that CMV the experimental manipulation of the phosphorylation state
interacts with at least three integral cell surface constituents,suggests that annexin +CMV interactions differ from
including HSP ¢5), CD13 @6), and a 92.5 kDa phospho- annexin I-chromaffin granule interactions. It is compelling
protein @7), and annexin Il is present on the surface of cells to speculate that the virus may have evolved to utilize
(4—7). A model system was consequently used here in which annexin Il without relying on the availability of a specific
the host cell surface was represented by synthetic phosphohost kinase.
lipid membranes containing anPL as a binding site for  Animportant question that arises from the work presented
annexin Il and a mixture of purified Allt and Allm (termed  here concerns the identity of the species present on the virus
Alltm) represented the cellular pool. In this way, any effects surface that could be involved in the annexin ll-mediated
could be attributed to added annexin Il and not to other interactions between CMV and model membranes. Our
cellular constituents. experimental system has eliminated the HSP component from
Using this model, we present the first direct evidence that the target membrane, and therefore the known involvement
annexin Il can function as a bridge betwe®8-CMV and of viral glycoprotein C-1l and gB45) in attachment to HSP
anPL-containing membranes. Allm and Allt equally mediate is not a factor here. However, our earlier studies that
this interaction. The apparekt of 42 nM, describing the = demonstrated the CMV envelope contains accessible anPL
simultaneous binding of annexin 1l to anPL and virus, (29, 43) are consistent with the idea that interactions of
corresponds closely to previous measurements of the binaryannexin Il with anPL on the virus surface are involved in
equilibrium for annexin Il binding to CMV K4 = 60 nM the CMV—membrane bridging and fusion we now report. It
(6)] and human umbilical vein endothelial cell&K{= 50 is unknown whether anPL-bound annexin Il is required on
nM (7)]. Reports that CMV binds to cells with higher affinity the surface of the virus, on the surface of the target
[Kg = 107°=10"1* M (6, 48)] suggest that additional ~membrane, or both to participate in these functions. Experi-
constituents and their effects of avidity are involved. The ments examining the sequence of addition of polyclonal
equilibrium followed here was dependent orfGavhich is antibody raised against annexin Il that inhibited CMV
typical of the phospholipid-binding requirements of annexin infection of cells 23), and fluorescence resonance energy
Il. Consistent with reports that the CMV surface has transfer between other annexirisl), suggest that annexin
endogenous annexin 23, 25), we observed residual binding | molecules on apposing surfaces may interact. Nevertheless,
in the absence of added annexin Il. As a demonstration thatthe endogenous Allt reported here to be associated with the
the CMV—membrane bridging function of annexin Il is CMV surface alone may play a role in the slow but
specific, AnV, which is 64% homologous in primary significant rate of CM\*-anPL vesicle fusion we observed
sequence to annexin 1#49), did not enhance binding of the in the absence of added Alltm. Reports that the endogenous
virus to the model membrane. annexin Il binds to the virus in both €adependent23)
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and -independen2g) mechanisms suggest that anPL as well
as other components on the virus surface may be involved
in the interactions followed here. As a probable candidate
for the latter, gB was reported previously to associate with

annexin Il on the CMV surface?f).

Fusion of CMV to the host cell membrane has been shown

to involve at least two viral glycoproteins, g&4) and gH

(30, 50). The cognate cellular ligand known for the latter, a
92.5 kDa protein 47), is not present in our experimental
system, and consequently it is unlikely that gH contributes
independently to the rates of fusion observed here. However,

the previous identification of a gBannexin Il association
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Thiel, C., Osborn, M., and Gerke, V. (1992)Cell Sci. 103
733-742.

4. Chung, C. Y., and Erickson, H. P. (199%)Cell Biol. 126

5.

6.

539-548.

Yeatman, T. J., Updyke, T. V., Kaetzel, M. A., Dedman, J.
R., and Nicolson, G. L. (1993}lin. Exp. Metastasis 17—

44,

Wright, J. F., Kurosky, A., and Wasi, S. (199B)ochem.
Biophys. Res. Commun. 19833—-989.

7. Hajjar, K. A., Jacovina, A. T., and Chacko, J. (1994Biol.

8

(25) lead these authors to hypothesize that the complex may 9- Dr i
10. Ali, S. M., Geisow, M. J., and Burgoyne, R. D. (198®ture

constitute a fusogenic unit. In this regard, a role for annexin
Il was suggested from earlier work involving gB-dependent
cell—cell fusion, which was inhibited by an antibody to
annexin 1l @4). The work presented here provides direct
functional evidence that annexin Il can participate in this
process, which may involve annexin Il interactions with both
viral anPL and gB, or other as yet undocumented constituents

on the CMV surface.

All members of the annexin/lipocortin family of proteins

interact with anPL in the presence of aWe therefore

postulated that AnV, which on its own did not affect binding

or fusion of CMV to anPL, would competitively inhibit the

enhancing effects of annexin Il on binding and fusion of
CMV to anPL. Interestingly, AnV was found to attenuate

the observed Alltm-mediated enhancement of CVaviPL
fusion with no effect on the role of Alltm in CM¥anPL

binding. These data therefore suggest that annexin Il affects
the binding and fusion of CMV to anPL-containing mem-
branes by discrete mechanisms. Since more than one type 5’
of annexin is invariably found within a given cell, the

11.

12.

13.

14.

15.
16.
17.

18.

observations presented here furthermore suggest that interac-21.

tions between different annexins may have a regulatory

function.

There is evidence in the literature that in addition to CMV,

influenza A and B %2) and hepatitis B §3) use annexin

molecules during infection. Furthermore, a role for anionic
phospholipid in hemorrhagic septicemia virus, sendai virus,
vesicular stomatitis virus, rubella virus, sindbus virus, and

vaccinia virus infection has been suggestéd—59). Cy-

tomegalovirus, herpes simplex virus types 1 and 2, measles
virus, murine hepatitis virus, and avian hemangioma retro-
virus cause host cells to participate in the activation of blood
coagulation %7, 60, 61), which usually involves the expres-
sion of anPL 62). Thus, the presence of accessible anPL on
cells or viruses is a common theme that could indicate a

relatively general role for anPL during infection.
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