Aecta virol. 34 : 155— 163, 1990

SUSCEPTIBILITY OF MAMMALIAN, AVIAN, FISH, AND
MOSQUITO CELL LINES TO RABIES VIRUS INFECTION

1L. SEGANTI, *F. SUPERTI, 15. BIANCHI, 1N. ORSI, 2M. DIVIZIA, 2A. PANA

Hstituto di Microbiologia, Facolta di Medicina, Universita “‘La Sapienza’’, Roma
and 2Dipartimento di Sanita Pubblica, Facolta di Medicina, Universita Tor
Vergata, 00100 Roma, Italy

Received November 20, 1988

Summary. — The relationship between plasma membrane recep-
tor organization and cell susceptibility in vitro was investigated
in mammalian, avian, fish, and arthropod cell lines infected with
fixed rabies virus. IMR32, HeLa, CER, and EPC cells were widely
susceptible to infection with CVS virus, whereas a lower level of
specific viral antigens was detectable in A. albopictus cells. In
spite of these differences, the amount of infectious virus particles
bound to the various cell surfaces was similar. Competition ex-
periments carried out with plasma membranes extracted from
all the cell types and their lipidic fractions demonstrated the
ability of these components to bind the virus and to prevent in-
fection. The different cellular permissiveness to rabies infection
described here did not correlate with significant differences in
number or in chemical structure of the receptor binding sites,
but more likely with events following virus adsorption.
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Introduction

It is well known that in the early stages of natural infection rabies virus
replicates only in the striated muscle and successively it migrates through
nerve endings and synaptic junctions to the central nervous system (Iwasaki
et al., 1985; Tsiang, 1985).

Although rabies virus seems to be strictly neuropathogenic in wivo, it is
able to infect a wide range of host cells in vitro (Wunner and Reagan, 1986).
High titres of fixed virus can be obtained in the cell lines BHK21, NIL/2,
CER, and in neuroblastoma cell lines of murine and human origin (Clark,
1972). The propagation of rabies virus has also been demonstrated in cells
of poikilothermic vertebrates such as Tokai gecko, side necked turtle (Clark,
1981), lizard (Atanasiu ef al., 1973), snakes of the families of Crotalidae and Vi-
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peridae (Clark, 1981) and from fathead minnow (Solis and Mora, 1970).
Moreover Reagan and Wunner (1985) were able to detect rabies virus specific
antigens in Singh’s Adedes albopicius clone C6/36 cells although the yield of
infectious virus was extremely low.

Whether rabies virus uses a common receptor-mediated pathway for viral
entry both in vivo and in vitro or recognizes more than one t vp(* of receptor
on host cells is not known. It has been suggested that acetylcholine recep-
tors may serve as cellular specific binding sites for rabies virus on differ-
entiated myotubes e vitro and at neuromuscular junctions in vivo to facili-
tate uptake and transfer of virus to the CNS (Lentz et «l., 1982). However,
not all cells susceptible to rabies virus infection in witro express acetylcholine
receptors (Reagan and Wunner, 1983), suggesting that different host cell
receptors can bind rabies virus in vitro and in viro.

The host cell plasma membrane exhibits a wide range of molecular struc-
tures which can be further rabies virus receptor candidates. The pre-eminent
role of phospholipids and glycolipids is demonstrated by the following ex-
perimental data: 1) human serum lipoproteins are inhibitors of viral h.wmag-
glutination (Halonen et al., 1974; Suzuki et al., 1977) and infectivity (Se-
ganti et al., 1983), ii) cellular L-alpha-phosphatidylserine and some highly
sinlilated g:),n«flu)wl(n are involved in the binding of virus to plasma mem-
branes (Superti el al., 1984h; l‘)S(S) iii) phospholipase A2 or neuraminidase
treatment prevents the infection of CER cells by rahies virus (Superti ef al.,
1984h; 1984a).

These findings so far failed to demonstrate a true biological receptor
specificity in vitro so that a nonspecific rabies virus adherence to cell surfaces
has also been hypothesized (Wunner and Reagan, 1986). Moreover no data
are available on the chemical components of receptors which allow the bind-
ing of rabies virus to less susceptible homeothermic cells and to poikilo-
thermie cells. In this report additional information is provided on the (‘al'ly
interaction between rabies virus and different phylogenetically unrelated
host cells. For this purpose a comparative study has been carried out on the
susceptibility of cell lines of mammalian (l'\IR 32) (HeLa), avian (CER),
fish (EPC), and arthropod (4. albopictus) origin to fixed rabies virus infec-
ti(‘m This study has been performed following different approaches, i.e. by

raluating viral :mtlgon synthesis and virus \mld by measuring the rate of
aﬁtt/d,c}mmnb of the virus to the cells and b_\ and]\,smﬂ the (~hvnn(*al com-
ponents involved in the binding.

Materials and Methods

Virua. The CVS (Challenge Virus Strain) fixed rabies virus was propagated in BHK2I cells.
Monolayers woro infoeted with SPEFU/eell for 72 hr at 37 °C in Eagle’s MEM eontaining 0.29%,
BSA (Bovine Seram Albumin), 2 mmol/l glutamine, penicillin (100 U.L/ml), and stroptomyein
(100 pg/mhb). After infection supernatants wore colleeted, eentrifuged (5 000 rev/min for 10 min)
to remove eollular debris and storod at — 70 (!,

Cells. IMR32 (human neuroblastoma cells), Hel.a S3 (epitheliod earcinoma of human cervix),
nnd CER (Chicken Embryo Related) eells were grown as monolayers at 37 °C in Eagle’s MEM
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containing 1.2 g of NaHCOj3 per litre and supplemented with 2 mmol/l glutamine and 109,
foetal calf serum for human cells or newborn calf serum for avian cells. EPC (Epithelioma Papu-
losum Cyprini) cells were grown at 26 °C in Eagle’s MEM containing 1.2 g of NaHCO3 per litre
and supplemented with 209, foetal calf serum and 2 mmol/l glutamine. Aedes albopictus (mos-
quito larvae) cells were propagated at 26 °C in Mitsuhashi-Maramorosech medium supplemented
with 209, foetal calf serum.

Monolayer infection. Monolayers were incubated with rabies virus (1.5 PFU/cell or 15 PFU/
cell) at 33 °C or 37 °C and various parameters of the infection of the different cell lines were
meonitored for 72 hr. The percentage of infected cells was measured by direct immunoflusrescence
and the production of infectious virus was determined by plaque assay titration of supernatants
from the infected cells. Plaque forming units/ml were tested 5 days after infeetion in CER cells
and stained with neutral red 1 : 5000.

Preparation of cell membranes. Cell membranes were prepared according to a modified pro-
cedure of Krah and Crowell (1982). Cells were pelletted (900 g x 15 min) and washed three
times with 0.02 mol/l phosphate buffer eontaining 0.14 mol/l NaCl, pH 7.0 (PBS). The pellet
was suspended in hypotonic buffer (0.02 mol/l phosphate pH 7.0) at a concentration of 4 x 107
cells/ml and allowed to swell for 15 min. Cells were disrupted with 30 strokes in a 15 ml glass
Dounee homogenizer equipped with a tight-fitting “B” pestle. Cell breakage was monitored
microscopically. The homogenate was centrifuged (900 g x 5 min) to remove nuclei and re-
maining cells. The supernatant fluid was centrifuged at 70 000 g for 60 min in a Beckman ultra-
cen'trifuge (L2-65B) equipped with a SW40 rotor. The pelletted membranes were washed in
PBS, resuspended in PBS at a final eonesntration of 109 pg/ml Lipids and stored at — 50 °C.

Extraction of protein and Uipid componznts from thz c2ll mombrans preparations. Protein com-
porlents were obtained from membranes by extraction with organic solvents according to the
method proposed by Shore and Shore (1967). Proteins obta‘ned were dissolved in PBS at a final
concentration of 50 pg/ml. Lipids were extracted with a mixture of chloroform and methanol
1:1 (v/v) according to the technique of Sperry and Brand (1955) and suspended in PBS at
a final eoncentration of 50 pg/ml.

Isolation of membrane total lipids, phospholipids, and glycolipids. Other experiments were
performed by extracting total lipids from all membranes with chloroform and methanol 1 : 1.5
(v[v);aceording to the proczdure proprsed by Folch et al. (1957). Extracted lipids were dried
under liquid nitrogen and to obtain phaspholipids and glyeslipids the dried residues were dis-
solved in ehloroform and mathanol 2 : 1 (v/v) and pa~titioned by adding 0.2 vol distilled water.
Phospholipids (lower phase) and glyeolipids (uppsr phass) were solubilized in PBS by sonication.

Competition for radbies virus binding bztween CER cells and membranes or membrane com-
ponents. CER cells grown in mierotissue chamber/slide for 24 hr at 37 °C in 59 CO: were in-
fected: with mixtures of inhibitors and rabies virus. The virus-inhibitor mixtures were either
applied to ezll monolayers immediately of after 2 hr incubation at 25 °C. After 1 hr at 37 °C,
the inocula were removed and the cells ware washad 3 times in Eagle’s MEM. The infected
cultures were incubated at 37 °C in 5% CO, for 24 hr and th> pareentage of infected cells was
determined by direct immunofluorescence.

Neuraminidase treatment of cell monolayers. The diffsrent cells, grown in microtissue chamber/
slide (Miles Laboratory) for 24 hr at 37 °C or 26 °C were treated with neuraminidase from C. per-
Jringens (20 U/ml) (Sigma Chem. C>5.) for 69 min at 37 °Cl. After incubation, supernatants were
collected for the determination of sialic acid content and eall monolayers were washed 3 times
with Eagle’s MEM to remove traces of the enzyme. Cells were then infected with CVS (1.5 PFU/
cell and 15 PFU/cell) for 1 hr at 37 °Ct. The percentage of infected cells was determined by im-
munofluorescence 24 hr post-infection (p.i.) for homeothermic cells and 72 hr p.i. for poikilo-
thermic cells.

Chemical doterminations. Protein concentration was determined by the method of Lowry et
al. (1951) using serum albumin as standard. Lipid eoncentration was determined by the phospho-
vanillin procedure described by Frings et «l. (1974) using olive oil as standard. Sialic acid
wag determined by the method of Svennerholm et al. (1980) using n-acetyl neuraminic acid as
standard.

Immunofluorescence. Rabies virus infected cells, dried in acetone, were stained with fluor-
escein-isothiocyanate-conjugated rabbit antirabies nucleceapsid IgG (Institut Pasteur Produc-
tion). The results were examined through a fluorescence microscope and expressed as the per-
centage of infected cells (Superti et al., 1984a).
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as viral receptors; among these molecules a central role is probably played
by other carbohydrates, as previously reported for vesicular stomatitis virus
infection of arthropod cells (Seganti ef al., 1986).

In conclusion, the different permissiveness of homeothermic and poikilo-
thermic cells to rabies virus infection in vitro does not appear to depend on
quantitative or qualitative differences in receptorial structures, but on events
following virus attachment to host cells.
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