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Summary. To study the functional involvement of cellular membrane properties
on arenavirus infection, saturated fatty acids of variable chain length (C10-C18)
were evaluated for their inhibitory activity against the multiplication of Junin virus
(JUNV). The most active inhibitor was lauric acid (C12), which reduced virus
yields of several attenuated and pathogenic strains of JUNV in a dose dependent
manner, without affecting cell viability. Fatty acids with shorter or longer chain
length had a reduced or negligible anti-JUNV activity. Lauric acid did not inacti-
vate virion infectivity neither interacted with the cell to induce a state refractory
to virus infection. From mechanistic studies, it can be concluded that lauric acid
inhibited a late maturation stage in the replicative cycle of JUNV. Viral protein
synthesis was not affected by the compound, but the expression of glycopro-
teins in the plasma membrane was diminished. A direct correlation between the
inhibition of JUNV production and the stimulation of triacylglycerol cell con-
tent was demonstrated, and both lauric-acid induced effects were dependent on
the continued presence of the fatty acid. Thus, the decreased insertion of viral
glycoproteins into the plasma membrane, apparently due to the increased incor-
poration of triacylglycerols, seems to cause an inhibition of JUNV maturation and
release.

Introduction

The replicative cycle of enveloped viruses is closely dependent on the charac-
teristics of the host cell membrane, particularly it is relevant at the viral entry,
which comprises fusion processes, and at the assembly and budding stages, when
the virion acquires the lipid envelope from the host cell. Thus, it is conceivable
that alterations in the fluidity and/or the permeability of the plasma membrane
may affect the infection with enveloped viruses. On this basis, several agents
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disturbing the lipid composition of the cell membrane have been proposed as po-
tential antiviral compounds [22]. Because fatty acids have a prominent role in the
lipid bilayer of the cell membrane as components of phospholipids, glycolipids
and triacylglycerols, the effect of saturated and unsaturated fatty acids on the
replication of various viruses, including herpes simplex virus, human immuno-
deficiency virus, visna virus, vesicular stomatitis virus, vaccinia virus, Sendai
and Sindbis viruses, has been reported. A dual mode of action has been shown
for these compounds, either inducing a blockade in the viral cycle or leading to
inactivation of the virus particle [3, 14-16, 30].

Juninvirus (JUNV) is amember érenaviridaeable to cause a severe disease
in humans known as Argentine hemorrhagic fever (AHF) [32]. Virions consist of
a bisegmented ambisense RNA genome surrounded by an helical nucleocapsid
and enclosed in an envelope derived from the infected cells. After adsorption
to the cell surface, JUNV internalizes by an endocytic mechanism mediated by
a low-pH-induced fusogenic activity of a viral glycoprotein [4], and then the
replicative cycle proceeds until progeny viruses are released by budding at the
plasma membrane. The glycoprotein presence at the cell surface is required for
maturation of infectious JUNV patrticles. Previous reports have shown that the
optimal expression of JUNV glycoproteins in the cell membrane requires the
cleavage of the glycoprotein precursor GPC into GP1 and GP2 at the trans-Golgi
network [8]. The acquisition of a complex form of the envelope glycoprotein
oligosaccharide chains is not essential for JUNV infectivity [28], whereas protein
myristoylation is relevant in the interaction of glycoproteins with membranes
during virus maturation [7]. To further determine the functional involvement of
cellular membrane properties on JUNV infection, and to establish whether it is
a possible approach to antiviral chemotherapy, the influence of alterations in the
lipid composition of the host cell has been studied, analyzing the effect of fatty
acids on JUNV replication.

Materials and methods

Chemicals and antibodies

Fatty acids were purchased from Sigma Chemical Co. (USA) and prepared as 1% solution
in ethanol. Rabbit polyclonal anti-JV serum was prepared in our laboratory [28] and the
monoclonal antibody GB03-BEOS reactive to JUNV glycoprotein [24] was kindly provided
by Dr. A. Sanchez (Centers for Disease Control, Atlanta, USA). Fluorescein labelled goat anti-
mouse IgG and anti-rabbit IgG were from Sigma Chemical Co. EX®E¥S (sp.activity

1175 Ci/mmol) was purchased from New England Nuclear (USA).

Cells and viruses

Vero and CV1 cells were grown as monolayers in Eagle’s minimum essential medium (MEM)
(GIBCO, USA) supplemented with 5% inactivated calf serum. The human diploid foreskin
fibroblast cell line PH was provided by Dr. G. Carballal (CEMIC, Buenos Aires, Argentina)
and propagated in MEM supplemented with 10% fetal calf serum. For maintenance medium
(MM) the serum concentration was reduced to 1.5% for Vero and CV1 cells, and to 5% for
PH cells.
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The following arenaviruses were used: the naturally attenuated 1V4454 strain of JUNV
obtained from a mild human case [6], the prototype pathogenic XJ strain of JUNV isolated
from a severe human case of AHF [21], its avirulent derivative XJC13 [11], the host-range
mutant of JUNV named C167 attenuated for newborn mice [25], and the TRLV 11573 strain
of Tacaribe virus (TACV) [10]. Virus stocks were prepared and titrated by plaque formation
in Vero cell cultures.

Cell viability assay

Cellular viability was measured with the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetra-
zolium bromide (MTT) method [18] in confluent cell cultures grown in 96-well plates and
exposed during 48 h at 3T to two-fold dilutions of the compounds, with three wells for
each dilution. The cytotoxic concentration 50% @#)Cwas calculated as the compound
concentration required to reduce the MTT signal by 50% compared with controls.

Virus yield inhibition assay

Cells grown in 24-well plates were infected at a multiplicity of infection of 0.1, and after

1 h adsorption cells were washed and refed with MM containing various concentrations of
the compounds. Two replicates per dilution of each compound were tested. After 24 h of
incubation at 37C, supernatant cultures were harvested and extracellular virus yields were
determined by plaque assay. The inhibitory concentration 50%p)Mgas calculated as

the drug concentration that reduced virus yield by 50% in the compound-treated cultures
compared with the untreated ones. To determine cell-associated virus, the cells remaining
after harvesting supernatant cultures were washed, frozen and thawed twice, centrifuged at
1000xg and the supernatant was assayed by plaque formation.

Time of addition or removal experiments

Vero cells grown in 24-well plates were allowed to adsorb JUNV strain V4454 at a moi of 0.1
for 60 min at £C. After removal of the inocula, the cells were washed twice with PBS and
then MM containing 25@.M lauric acid was added to infected cells at various times after
infection and further incubated at 3C. Another set of infected cultures were incubated
with MM containing compound immediately after adsorption and the drug was removed by
medium change at 2, 4 and 6 h p.i. In all cases, extracellular virus yields were measured at
24 h postinfection.

Direct action of lauric acid on cells and virions

To assay virucidal activity, a virus suspension containind@® PFU of JUNV was incubated
with an equal volume of MM with or without 250M fatty acid for 2 h at 37 C. Then mixtures
were chilled, diluted 1:100, and inoculated to Vero cells. To determine the ability of lauric
acid to induce a cell refractory state, Vero cells were incubated withu®bGauric acid or

MM for 2 h at 37°C and were then washed extensively with PBS prior to inoculation with
JUNV. After 24 h of infection, virus yields were titrated by plaque formation.

Indirect immunofluorescence

Vero cells grown on glass coverslips were infected with JUNV at a moi of 0.1 ang 250
lauric acid was added to MM after adsorption. For cytoplasmic staining, cells were washed
with PBS at 24 h p.i. and fixed with methanol for 15 min-&0°C. Then, cells were washed
with PBS and reacted with immunoglobulins purified from hyperimmune rabbit serum re-
active against all JUNV proteins, followed by an incubation with a fluorescein-conjugated
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goat anti-rabbit IgG. For membrane immunofluorescence, cells were first incubated with the
monoclonal antibody GB03-BEO8 reactive against GP1 and its precursor GPC, then fixed with
4% formaldehyde (freshly prepared from paraformaldehyde) and incubated with fluorescein-
labelled goat anti-mouse IgG. After a final washing with PBS, the cells were mounted in a
glycerol solution containing 1,4-diazabicyclo[2.2.2] octane (DABCO). The percentage of
fluorescent cells in each preparation was calculated from 20 randomly selected microscope
fields.

Protein radiolabelling, immunoprecipitation and gel electrophoresis

Vero cells were infected with JUNV at a moi of 1. At 44 h p.i. infected cells were incubated in
methionine-cysteine-free medium for 1.5 h and then labelled withdTiiml EXPRE®SS?®S

for 3.5 h. Lauric acid (25Q.M) was added with the methionine-cysteine-free medium and
maintained during the labelling period. After labelling, cells were washed three times in
cold PBS and lysed in radioimmunoprecipitation assay (RIPA) buffer consisting of 0.15M
NaCl, 0.1% SDS, 1% Triton X-100, 0.4 mM phenylmethylsulphonylfluoride and 1% sodium
deoxycholate in 0.01 M Tris-HCI pH 7.4. Samples of the clarified cell lysates were mixed
with polyclonal rabbit anti-JUNV serum and incubated for 30 min at@&and 90 min at

4°C. Antibody-antigen complexes were collected with protein A-sepharose, washed three
times in RIPA buffer and solubilized by boiling for 2 min in SDS-PAGE sample buffer. Viral
polypeptides were then electrophoresed on 12% SDS-polyacrylamide gels. The protein bands
on the gels were visualized by fluorography and exposition on AGFA-Gevaert Curix X-ray
film.

Quantification of triacylglycerols

Fatty acid-treated and untreated cells were washed twice with cold PBS, scraped from the
dishes and collected by centrifugation. Total lipids were extracted in a mixture of methanol,
chloroform, and water in the proportions 1.2:0.6:0.2. The lipids were separated from the
water-soluble material by diluting the extraction mixture with 1 volume of chloroform fol-
lowed by 0.7 volume of water. After centrifugation, the chloroform layer was removed and
dried. Lipids were resuspended in isopropanol and triacylglycerols were determined with an
enzymatic assay kit (TG Color GPO/PAP AA, Wiener Lab., Argentina).

Results

Saturated fatty acids of variable chain length (C10-C18) were evaluated for their
inhibitory activity against the multiplication of JUNV strain 1V4454 in Vero
cells. As can be seen in Fig. 1, virus replication was inhibited in a concentration-
dependent manner by the monocarboxylic acids, but with a variable degree of
efficacy according to the chain length. The most active inhibitor was the medium
chain length lauric acid (C12), which reduced the JUNV progeny released into
the medium from Vero cells by more than two log units at concentrations higher
than 25QuM (Fig. 1C). Treatment of infected cells with monocarboxylic acids
with shorter or longer chain length was less effective. JUNV yields after 24 h of
treatment with capric (C10), myristic (C14), palmitic (C16) and stearic (C18) acid
were reduced only in the range 0.1-0.5 log units at the maximum concentrations
tested (Fig. 1A, B).

Simultaneously, the lack of toxicity of the five compounds for Vero cells
was investigated by assessing their effects on cell viability by the MTT method.



Effect of fatty acids on arenavirus infection 781
_ Ll 100 k {100
E sl eemg—m 5_’\0\,,\‘\ &
E v 180 :
s N B—q * % ‘WN\O\ g
8 [Pom o v °© E
> 0 {60 ~ 160 <
K} T X
2. :
3 40 140 3
> S
12 {20
A * 1% B
3 - i ) : : : : —10
0 200 400 600 800 1000 1200 0 200 400 600 800 1000
Concentration (uM) Concentration (uM)
5_
1100
= O
E 2
3 <
_80 -y
& &
8 o 2
et 160 ¢
[3]
2 g
3 13
p= A =
120
Cc
2 1 1 L L L 0
0 200 400 600 800 1000

Concentration (uM)

Fig. 1. Dose-response curves of the effect of saturated fatty acids on JUNV multiplication and
cell viability. Cells were incubated for 48 h in the presence of different concentrations of the
fatty acids and then cell viability was determined by the MTT method (solid symbols). Other
set of cultures were infected with JUNV strain V4454 (m:0.1) and after 24 h of infection in
the presence of the compounds, extracellular virus yields were determined (open symbols).
A Capric acid @, O), myristic acid @, [J) in Vero cells.B Palmitic acid ¥, V), stearic acid
(®, <) in Vero cells.C Lauric acid @&, A) in Vero cells (——), PH cells-(---) and CV-1

cells (..). Each point is the mean value of duplicate determinations

No significant cellular alterations were observed in the range of concentrations
assayed and the cell viability was greater than 80% for all the fatty acids (Fig. 1)
with the only exception of capric and lauric acid at the highest concentration
(1200pM and 100QuM for C10 and C12, respectively).

From data in Fig. 1 the G§ and G values were calculated for each com-
pound. Furthermore, the inhibitory action of fatty acids on JUNV multiplication
was evaluated with several virus strains, including attenuated isolates such as the
above mentioned V4454 and the XJC13 and C167 strains as well as the highly
pathogenic XJ strain. Results obtained confirmed the effectiveness of lauric acid
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Table 1. Spectrum of antiviral action of fatty acids against arenaviruses

Compound CGo(pM)2 ICs0(M)P

JUNV TACV

V4454 XJ XJCI3 Cle7

Capric acid 900 423 ND =580 ND >580
Lauric acid 792 124 188 129 46 67
Myristic acid >876 >876 263 >876 >876 630
Palmitic acid >780 218 105 186 >780 712
Stearic acid >703 >703 ND >703 ND >703

4Compound concentration required to reduce cell viability by 50%, as determined by MTT
assay

bCompound concentration required to inhibit virus yield by 50%

ND Not determined

as JUNV inhibitor and also other arenavirus, the antigenically related TACV was
susceptible to this compound (Table 1).

The inhibitory effect of lauric acid against arenaviruses was not confined
to one cell type. Other cell lines different from Vero cells, such as the monkey
kidney line CV1 and the human foreskin cell line PH showed a similar level of
sensitivity to the antiviral action of lauric acid against JUNV (Fig. 1C), witkolC
values of 106.3 and 1123V in virus yield inhibition assays in CV1 and PH
cells, respectively. Furthermore, the production of cell associated virus was as
sensitive to lauric acid as extracellular virus formation (data not shown).

To test the possibility that the compound acted directly either on the virus
particles as inactivating agent or on the cells to be infected by inducing a state
refractory to virus infection, separated treatment was investigated. Preincubation
of JUNV with lauric acid during 2 h prior to infection had no significative effect
on the virus yield (Table 2). In fact, when the suspension of JUNV was directly
titrated immediately after treatment with lauric acid no reduction in remaining
infectivity respect to the untreated control was detected (data not shown). When
Vero cells were pretreated with lauric acid for 2 h and subsequently infected with
JUNV, the yield of infectious virus after 24 h of incubation in compound-free MM
was not affected (Table 2). By contrast, after 24 h in the simultaneous presence of
JUNV and lauric acid, virus yield was reduced as previously shown in Fig. 1C.
These results demonstrated that lauric acid did not inactivate virion infectivity
neither interacted with the target cell to block virus infection, and consequently
its inhibitory action is due to an interference during the virus multiplication cycle.

To obtain information on the compound-sensitive step during JUNV infection,
the dependence of the inhibitory effect of lauric acid on the time of drug addition
or removal during a growth cycle was next examined. As shown in Fig. 2, a similar
level of inhibition was observed if 250M lauric acid was added immediately
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Table 2. Effect of pretreatment of virions or cells with lauric acid
on the multiplication of JUNV

Treatment Virus titer (PFU/mI) Inhibition (%)
control lauric acid

Cell 4.2x10* 3.8x10 9.5

Virions? 5.1x104 4.2x 10 17.6

Cellstvirions® 5.0x10% 3.0x10° 94.0

a\ero cells were incubated with 25M lauric acid or MM for 2 h at
37°C and were then washed with PBS prior to inoculation with JUNV

bJUNV (1 PFU/mI) was mixed with 25Q.M lauric acid or MM. After
2 h incubation at 37C, the mixtures were diluted 1:100 and inoculated to
cells.

“Vero cells were infected with JUNV and after adsorption MM con-
taining or not 25QuM lauric acid was added. For all three experimental
methods, virus yields were determined at 24 h p.i.

after virus adsorption (time 0) or at 4 h p.i. Even when the fatty acid was added
at 6-8h p.i., extracellular virus yields were decreased as compared to those of
untreated cells, with approximately 1 log reduction in virus titers. In another set
of experiments the compound was added immediately after adsorption and then
removed at various times by washing. When present only for a limited period of
time after infection (either 2, or 4 or 6 h), the fatty acid was ineffective to inhibit
JUNV replication (Fig. 2). Thus, the results shown in Fig. 2 indicate that lauric
acid inhibits a late step of the replicative cycle of JUNV.

To investigate the mechanism of virus inhibition in more detail, the effect
of lauric acid on viral protein synthesis was first examined. The fluorography
of 3°S-labelled and immunoprecipitated proteins from treated and untreated in-
fected cells showed no differences in the intensities and migration of the bands
corresponding to the main JUNV proteins (data not shown).

Fig. 2. Effect of the time of addition or removal of lau-
ric acid on JUNV replication. Vero cells were allowed to
- _| adsorb JUNV (m:0.1) for 1 h at€C. After removal of
the inocula, cells were washed with PBS and then MM
containing 25Q@.M lauric acid was added at 0, 1, 2, 4,
6 and 8 h post-adsorption and incubated further a37
(dashed bars). Other set of infected cultures were incu-
110 bated with lauric acid immediately after adsorption and
7 7 then drug was removed at 2, 4 or 6 h (grey bax&j.

1 P Virus control yield, without compound treatment (empty

r A1 bar). Extracellular virus yields were determined at 24 h
0 1 2 4 6 8 vC p. inallcultures. Each value is the mean of duplicate

Time post-adsorption (h) determinations

Virus yield (log PFU/mI)
-9

(]
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Although virus protein synthesis was notimpaired by lauric acid, an alteration
in the cellular distribution of the viral proteins may occur and be responsible of a
blockade in the assembly and/or budding of the viral progeny. Therefore, the loca-
tion of JUNV proteins in Vero cells was examined by cytoplasmic and membrane
immunofluorescence. In control infected cells, at 24 h p.i. JUNV proteins were
found to be disseminated throughout the cytoplasm with a very bright staining
(Fig. 3A). When infected cells were treated with lauric acid, no difference in the
intensity and distribution pattern of cytoplasmic staining was observed (Fig. 3B).
When immunofluorescence staining of viral glycoproteins in the membrane of
infected cells was performed, untreated cells exhibited a linear pattern of bright
fluorescence along the cell surface (Fig. 3C), whereas the intensity staining of
membrane-associated JUNV glycoproteins and the number of positive cells was
notoriously diminished in lauric acid-treated cells (Fig. 3D).

The effect of lauric acid on JUNV protein expression was quantitatively deter-
mined by counting the number of fluorescent cells. The inhibition in the number
of positive cells for cytoplasmic and membrane staining was 9 and 55%, respec-
tively, confirming that viral protein synthesis is not affected by lauric acid, but
the insertion in plasma membrane is diminished.

In various transformed and normal cell lines, it has been reported that medium
chain length monocarboxylic acids stimulate tleenovosynthesis of triacylgly-
cerols (TAG), and are also incorporated into the synthesized TAG [13]. Thus, the
effect of fatty acid treatment in the system JUNV-Vero cells used in this report
was examined by evaluating the TAG content of infected cells. Lauric acid at a
concentration of 250.M simultaneously induced an increase in the level of TAG
by 80% respect to normal untreated cells (Fig. 4) and, as previously shown, a 92%
reductioninvirusinfectious release (Fig. 1C), whereas monocarboxylic acids with
a different chain length had no enhancing effect on TAG content together with a
reduced or negligible anti-JUNV activity (Figs. 1 and 4).

To confirm the apparent correlation between the inhibition of JUNV replica-
tion and the stimulation of TAG content induced by lauric acid, an experiment
was designed to examine the reversibility of both effects. Vero cells were infected

100

2]
[}
X

] Fig. 4. Influence of the chain length of monocar-
Z boxylic acids on the cellular content of TAG. Vero
cells were infected with JUNV, strain V4454 (m:0.1)
and, after adsorption, MM containing 2p0/ fatty
acid was added. At 24 h p.i., the total lipids were
extracted and TAG content was determined. Results
are expressed as % stimulation: [(TAG concentra-
. a tion in treated culture — TAG concentration in control
O iz G Gie oi culture)/TAG concentration in control culture]00.
Fatty acids Each data is the mean of duplicate determinations
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with JUNV and treated with lauric acid for 24 h, then the culture fluid was re-
placed with fresh MM without compound and cells were incubated for a further
24 h. At 24 and 48 h p.i., supernatant virus yield and cellular TAG content were
assayed. As seen in Table 3, after drug removal virus infectivity and normal TAG
content were both partially recovered, indicating that the degree of reduction of
infectious virus in the medium induced by lauric acid was associated with the
TAG increase in the cells.

Discussion

The involvement of lipids in different phases of the infection with enveloped
viruses is presently a subject of review. Lipid molecules can mainly alter the
properties of cellmembranes and, consequently, influence the initial virus binding
to cell receptors, the membrane fusion events during internalization, the insertion
of viral proteins in the cell membrane and the final stages of virion assembly and
budding. Furthermore, fatty acylation of viral glycoproteins is also required in a
wide range of viruses to target the modified protein to a membrane or to stabilize
protein-protein interactions, affecting assembly and/or eggress from the infected
cells. Finally, it is also possible a direct modification on the composition of the
virion envelope leading to destabilization and inactivation of the infectious virus
particle.

The results reported in this study have shown that the effect of saturated fatty
acids against arenaviruses is highly dependent on the length of the hydrocarbon
chain. Lauric acid, the compound with 12 carbon atoms, was the most effective
inhibitor of JUNV and TACV replication in a concentration-dependent form,
whereas cell viability was not impaired (Fig. 1). From mechanistic studies, it can
be concluded that lauric acid blocked a late stage in the JUNV replicative cycle,
without affecting the synthesis of viral proteins but interfering with glycoprotein
insertion at the plasma membrane. Thus, the reduced expression of the viral
glycoproteins at the cell surface is the apparent cause leading to the inhibition of
virus production.

It has been reported that after supplementation with medium chain fatty acids
(11-12 C) the cellular lipid metabolism s altered, and the control of TAG synthesis
is the most prominent alteration, with an stimulation of tkeenovosynthesis of
TAG from glycerol and fatty acids and an increase in their amount in the cell [13].
The newly synthesized TAG are stored as lipid droplets in the cytoplasm [29],
but also certain quantity is intercalated within the lipid bilayer into the plasma
membrane, where the amount of TAG is about 6% of the total lipid content [19].
The TAG apparently influence membrane fluidity and permeability and, then,
may be directly responsible to modify the interaction of viral glycoproteins with
the cell membrane. Here, a direct correlation between the inhibition of JUNV
production and the stimulation of TAG content in the system JUNV-Vero cells
was demonstrated. Among all the monocarboxylic acids tested, lauric acid was
the only compound able to affect simultaneously JUNV yield and cellular TAG
amount. In fact, after removal of lauric acid from the infected culture medium,
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Table 3. Correlation of inhibition of JUNV replication and stimulation of TAG synthesis

Treatment conditions Virus yield TAG content
titer inhibition concentration stimulation
(PFU/ml) (%) (wg/1C cell) (%)

MM 0-24 h 6.0x10 - 9.5 -

Lauric acid 0-24 h 5.610° 90.7 17.3 81.0

MM 0-48h 6.1x10° - 10.8 -

Lauric acid 0—24 kMM 0—48 h 2.8<10° 54.1 13.6 26.0

After each treatment, at 24 and 48 h p.i. extracellular virus yields and TAG cell content were determined.
Results are expressed as: Virus yield inhibition €41 — (PFU treated culture/PFU control culturg)00;
TAG stimulation (%)= [(concentration treated culture/concentration control culturg) x 100

both levels of TAG and virus infectious particles tend to reach the values of
untreated cultures (Table 3), indicating that the two related effects are dependent
on the continued presence of the fatty acid.

Our results are similar to those obtained with VSV by Hornung et al [14],
who reported an antiviral activity of lauric acid due to a TAG-dependent reduc-
tion in the amount of the glycoprotein G and the matrix protein M in the plasma
membrane of VSV infected Rita cells after treatment with the compound. It is
known that M protein binds to cellular membranes and promotes viral budding
by interacting with the G protein and the viral nucleocapsid to assemble the virus
particle. In contrast to VSV and other enveloped viruses, arenaviruses do not
appear to possess an internal matrix protein [5]. A role analogous to that of the
M protein has been proposed in arenaviruses for the Z or p11 protein, a virion
protein with Zn-binding properties, but no conclusive experimental evidence is
available [23]. The mechanism of the arenavirus assembly process is presently
unknown and, due to the lack of a classical matrix protein, it may be unusual in
comparison to other viruses. However, it has been reported that the superinfection
of JUNV- or Pichinde virus-infected cells with VSV resulted in the production of
pseudotypes that were not neutralized by antiserum to VSV, but were neutralized
by antiserum to JUNV or Pichinde virus, respectively [9, 26], i.e. pseudotypes
formed by VSV particles possessing the external glycoprotein of the arenavirus.
These earlier studies suggest that the membrane interaction of arenavirus gly-
coproteins are compatible with their incorporation into the envelopes of VSV
particles, an assembly process dependent on the M protein. Concomitantly, the
glycoproteins of both viruses, JUNV and VSV, were similarly reduced in their
ability to become inserted into the plasma membrane when it is altered by the
lauric acid-induced incorporation of triacylglycerols.

Other similarity between VSV and JUNV is their response to virion treatment
with lauric acid, since both virus particles were not inactivated by direct contact
with the drug (Table 2) [14]. For other enveloped viruses such as HIV and HSV, it
has been reported a strong virucidal activity of medium chain fatty acids and their
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1-monoglycerides, causing reduction in virus titer after only 1 min of incubation
[15, 16, 30]. Differences in the envelope lipid composition may be responsible for
this differential behavior. Itis known that the lipid composition of virusesiis critical
and derives from sequestration of specific lipids from the host cell membrane
lipids [1, 20]. No studies on arenavirus lipids have been still performed.

The possible therapeutic use of agents altering the lipid bilayer has regained
interestin the recent years. Several types of lipophilic drugs evaluated in vitro [12,
16, 17,30, 31]andinvivo [2, 3, 27] against enveloped viruses offer the alternative
of safe compounds to control virus infections. According to the results presented
here, it is also an strategy to be considered for the treatment of viral hemorrhagic
fevers.
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