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The arenaviruses are a group of enveloped viruses having as a unique morphologicat
finding the presence in the virion ofgranules instead ofa defined core. The viruses contain a
single-stranded RNA genome, but appreciable amounts of ribosomal-like RNA and 4-6S
RNA of host cell origin have been detected. Little information is available on the mode of
replication of the viral nucleic acids. A virion-associated RNA-dependent RNA polymerase
has been described and there is indirect evidence to suggest that host cell RNA or DNA
participates in virus replication. However, the steps in viral RNA synthesis and expression
have not yet been elucidated.

Pichinde virus contains 2 glycoproteins and 2 polypeptides. Cells infected with Pichinde-
virus or LCM virus have been shown to produce 2 antigens detectable by immunodiffusion.
Both antigens appear to be components of the virion, but the relation between the antigens
detected by immunodiffusion and the polypeptides detected by polyacrylamide gel electro-
phoresis has not yet been clarified.

It has become apparent that the arenaviruses
possess a number of unique characteristics. A hint of
the uniqueness came from the initial reports of the
structure of lymphocytic choriomeningitis (LCM)
virus by Dalton and co-workers in 1968 (1). In
electron micrographs of thin sections of cells infected
with LCM virus they observed pleomorphic virions
ranging in size from 50-300 nm. The LCM virions
were observed to mature by budding from the
cytoplasmic membrane of infected cells in a manner
not unlike other enveloped RNA viruses. The unique
feature of the morphology was the presence of
numerous electron-dense granules, 20-25 nm in dia-
meter, within the virus instead of a defined " core ".

These observations were confirmed and extended
by Abelson et al. (2) who also found large clusters of
ribosomes in the cytoplasm of mouse 3T3 cells
infected with LCM virus. Associated with these
ribosomal clusters was a specific antigen identified
by the use of horseradish peroxidase conjugated
antibody. Subsequent studies by Murphy et al. (3)
with Machupo virus provided a morphological basis
for the establishment of a distinct virus group with
LCM and Machupo viruses as members. Similar
electron microscopic observations have been re-
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ported for most of the Tacaribe subgroups of viruses
(4, 5, 6) and for the virus of Lassa fever (7). In
addition to the unique internal structure, surface
projections similar to the envelope glycoproteins of
other RNA viruses have been observed in negatively
stained preparations of arenaviruses.

BIOPHYSICAL PROPERTIES

It has been difficult to establish with certainty the
biophysical parameters of the arenaviruses. For
example, the sedimentation coefficient of LCM virus
has been reported to vary from 76S (8) to
470-500S (9) while the sedimentation coefficient of
Pichinde virus was found to be 300-325S (10).
Possible explanations for the apparent variations
observed include differences in purity and homo-
geneity of the virus preparations used in the different
studies and the instability of some of the arena-
viruses. The reported biophysical properties of the
group are summarized in Table 1.
Members of the arenavirus group appear to vary

in their stability, especially upon purification and
storage. Studies by several groups of investigators
have shown that the viruses are rapidly inactivated
by heat (11-14) and at pH values below 6.0. At
physiological temperature and pH, loss of infectivity
is not excessive. Webb et al. (13) investigated factors
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Table 1. Summary of biophysical properties
arenaviruses

Parameter Virus

Virion size by electron
microscopy

60-280 nm

50-150 nm

Sedimentation rate

470-500S

300-325S

76S

Buoyant density in sucrose

1.18 g/cm3

1.12 g/cm3

1.17 g/cm3

1.18 g/cm3

1.18 g/cm3

Buoyant density in
amidotriazoate

1.14 g/cm3

LCM, Machupo

Junin, Lassa,

Tacaribe, Tamiami,

Parana, Latino Pichinde

Amapari

LCM

Pichinde

LCM

Pichinde

Junin

Junin, Machupo,

Tacaribe

Amapari

LCM

LCM

contributing to the stability of Machupo
under conditions of storage and during
tion in the laboratory. They found that vin
was improved by the addition of prote
ments to the medium. Similar findings
reported for LCM virus by Pfau & Camyi
by Pederson (9).
Methods utilized for i ncentrating ar

have included alcohol precipitation (9,
monium sulfate precipitation (8, 9, 16, 17
acetate precipitation (19), dextran sulfate-
ene glycol (PEG) separation (20), and biF
cipitation in a PEG-sodium chloride syste
21, 22, 23). The latter was found by Gschm
Lehmann-Grube (19) to be superior tc
acetate method for concentration of L
from tissue culture fluids. Ramos et al. (1C
27-43% recovery of Pichinde virus from
ture supernatants by precipitation with ]
(6 g/100 ml) and sodium chloride (0.4 m4

of different 100-fold volume reduction of tissue culture fluids
was possible using this method. Pederson (9) reports
similar recovery of LCM virus infectivity from tissue

Reference culture fluids by precipitation with ammonium sul-
fate (50 g/100 ml).

Purification of concentrated viruses has usually
1, 2, 3 been accomplished in two stages, an initial partial

purification being followed by a final purification on
4, 5 density gradients. Partial purification was accom-

plished by Pederson (9) working with LCM virus
and by Ramos et al. (10) and Carter et al. (21)
working with Pichinde virus by discontinuous
sucrose gradient centrifugation. Virus was centri-
fuged through a top layer of sucrose at a concentra-

9 tion of 15 or 20 g/100 ml into a cushion of more
10 concentrated sucrose at 50-65 g/100 ml. This pro-
8 cedure trapped membranous material in the more

dilute layer, while the virus collected in the more
concentrated sucrose layer. Material was easily re-

14 covered from the density interface by side puncture
17 of the centrifuge tube or by aspiration using a long
35 capillary pipette.

An alternative approach to the discontinuous
35 gradient has recently been described by Gschwender

et al. (19). These workers utilized chromatography
through glass beads of controlled pore size (mean
pore diameter 42-44 nm) to separate LCM virus
from the bulk of the proteins in a virus concentrate

19 obtained by PEG-sodium chloride precipitation. In
this system, the virus, being larger than the pores,
circumvents the beads and passes through the co-
lumn rapidly, whereas the contaminating proteins

iirus, both penetrate the beads and are retarded. A potential
manipula- drawback is the need for stringent control of protein
as stability aggregation in the medium, as aggregates larger than
in supple- 44 nm will be eluted with the virus. These workers
hCave been reduced the amount of contaminating proteins by
re ( 1) and cultivating the cells in medium containing fetal calf

serum that had been depleted in proteins by PEG
enaviru3es precipitation prior to use.
15), am- Concentrated, partially purified virus has been

, 18), zinc further purified by isopycnic density gradient centri-
-poJye:hv,' fugation. Pederson (9) has reported the use of
hasic pre- L.icrose ga: of 15--65 g/l00 ml to band LCM
m (10, 19, virus in a 16-hcar iLentrifugation. In our laboratory
vender and (10, 21, 22, 23) Pichinde virus is banded on a
ithe zinc continuous sucrose gradient of 20-50 g/100 ml. In
CM virus both cases, the virus bands at its buoyant density of
)) reported 1.16-1.18 g/cms. Gschwender et al. (19) have de-
tissue cul- scribed the use of a density gradient composed of
PEG 6000 amidotrizoate for purification of LCM virus. This
1/litre). A material was reportedly less damaging to the LCM
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Table 2. Methods utilized for concentration and
purification of different arenaviruses

I. Concentration methods References

Sedimentation 24

Ammonium sulfate precipitation 9, 16, 18

Alcohol precipitation 15, 17

Polyethylene glycol-NaCI precipitation 10, 19, 21, 22

Dextran sulfate-PEG biphasic separation 20

Zinc acetate precipitation 19

11. Partial purification

Differential centrifugation 8

Discontinuous sucrose gradient 9, 10, 18, 21, 16,
centrifugation 17, 22, 23

Controlled pore glass chromatography 19

Fluorocarbon methods 8

Ill. Final purification

Buoyant density centrifugation 9, 10, 13, 14, 21,
on sucrose gradients 17, 22, 23

Buoyant density centrifugation on amido- 19
trizoate gradients

virion than conventional gradients of salts or

sucrose. The buoyant density of LCM virus in
amidotrizoate was 1.14 g/cm3 as opposed to
1.16-1.18 g/cm3 in sucrose. The authors suggested
that this was due to differences in the state of
hydration of LCM virus in the two media. Utilizing
these methods, it has been possible to obtain suffi-
cient purified virus to study the biochemical nature
of the particles. A summary of the methods used by
the aforementioned and other authors is given in
Table 2.

BIOCHEMICAL PROPERTIES

Proteins
The protein composition of Pichinde virus was

examined by Ramos et al. (10). Four polypeptides
were identified by electrophoresis of virus disrupted
by treatment with sodium dodecyl sulfate in poly-
acrylamide gels. Two polypeptides with estimated
molecular weights of 72 000 and 15 000 were found
and called VI and VIv, respectively. Two glyco-
peptides, which were called VI, and VI,,, were found
to have molecular weights of about 72 000 and
34 000, respectively. The glycopeptide VI,, was

found to be solubilized from the virion with the

nonionic detergent NP-40. Nonionic detergent treat-
ment did not dissociate VI and VII from the nucleic
acid of the virion; the fate of VIV could not be
determined in the experiments. It was concluded that
VIll may represent an outer membrane component.
Pederson (18) has reported the presence of 5 poly-
peptides in the LCM virion, but a detailed analysis
of the experiments has not been published.
The proteins associated with infections by the

arenaviruses have usually been examined with refer-
ence to their antigenicity. Smadel in 1939 (24) re-
ported the presence of a soluble complement-fixing
antigen in the homogenates of guinea-pig tissues
infected with LCM virus. This antigen was separable
from the virus by ultracentrifugation. Chastel (25)
and Bro-J0rgensen (26), using immunodiffusion,
have found antigens in tissues or cultures of tissue
infected with LCM virus. Bro-J0rgensen found two
antigenic species detectable by immunodiffusion us-
ing extracts of infected BHK-21 cells as an antigen
source. One antigen was found to be heat stable and
resistant to pronase, while the other antigen was
found to be heat labile and susceptible to the
proteolytic action of pronase. Both antigens sedi-
mented at approximately 3.5S in sucrose gradients.
Work in our laboratory with Pichinde virus has

yielded findings similar to those of Bro-J0rgensen.
We found that lysates of BHK-21 cells infected with
Pichinde virus contain two antigens detectable by
immunodiffusion. Furthermore, these antigens had
properties of heat stability and enzyme resistance
similar to those of LCM virus antigens. The pre-
dominate heat-stable antigen had an S value of 3.5
and an approximate molecular weight as determined
by gel filtration of 20 000-25 000. The heat-stable
antigen, which had been purified by sucrose gradient
centrifugation followed by isoelectric focusing and
gel filtration, not only produced a band by immuno-
diffusion but also accounted for a major portion of
the complement-fixing activity.
The relations between the complement-fixing (CF)

antigens and the virion have been examined in our
laboratory. For these studies antiserum was pre-
pared against purified heat-;esistant antigen. In ad-
dition, purified Pichinde virus was treated with NP-
40 to solubilize the envelope components. The virion
cores were separated from the solubilized material
by high speed centrifugation and the pellet that was
free of infectious virus was used to inoculate guinea-
pigs to raise anti-core antiserum. Another series of
guinea-pigs were inoculated with purified virus that
had not been solubilized with NP-40 and these
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Fig. 1. Comparison by immunodiffusion of the antigens present in lysates of Pichinde-
infected BHK-21 cells (CELL LYS) with the antigens present in disrupted Pichinde
virus (DIS V). Sera used were Pichinde immune guinea-pig serum (IMM S) and
mono-specific antiserum against the heat-stable CF antigen (ANTI AG).

Fig. 2. Identity reaction of the major antigen of Pichinde with antiserum against the
virion core obtained by detergent treatment (ANTI CORE) and immune guinea-pig
serum (IMM S). Antigens are Pichinde-infected BHK-21 cell lysate (INF CELL LYS)
and control BHK-21 cell lysate (CON CELL LYS).
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animals served as the source of immune serum. Both
of the antigens detected by immunodiffusion appear
to be present in the virion. Purified Pichinde virus
that had been disrupted by NP-40, ether, and
RNase was found to produce the two immuno-
precipitin lines on immunodiffusion when tested
against immune serum (Fig. 1). The heat-stable
antigen appears to be a component of the ribo-
nucleoprotein core (27). Anti-core serum reacts to
give a band of identity with antiserum to purified CF
antigen when tested against CF antigen prepared
from cell lysates (Fig. 2). The relationship of the
antigens detected by immunodiffusion and comple-
ment fixation to the polypeptides detected by poly-
acrylamide gel electrophoresis remains to be de-
termined.

Nucleic acids
Studies of the nucleic acids of the arenaviruses

have yielded unique findings in that a significant
portion of the RNA is derived from the host cell.
The nucleic acids extracted from purified virus pre-
parations have been found to be single-stranded
RNA and several species have been demonstrated.
For LCM virus, RNA species with sedimentation
coefficients of 31S, 28S, 22S, 18S and 4-6S have been
reported (28). Similar species of RNA have been
found in Pichinde virus (21) and more recently a 15S
species ofRNA has been described (22). Carter et al.
(21) have demonstrated by base composition and by
methylation ratio that the 28S, 18S and 4-6S species
are similar to ribosomal RNA of host cell origin,
while the 31S and 22S species are different. Pre-
labelled cellular RNA was incorporated into the
virus and appeared in the 28S, 18S and 4-6S seg-
ments (28, 29). No direct evidence has been pre-
sented to determine the functional requirements of
the RNA derived from the host cell in the replication
of the virus. Carter et al. (29) found that Pichinde
virus replicated in the presence of low concentrations
of actinomycin D; the concentrations used sup-
pressed ribosomal RNA synthesis of the host cell.
Thus, virus replication did not require newly syn-
thesized 28S and 18S RNA.
An estimate of the molecular weight of the Pi-

chinde virus genome based on sensitivity to gamma
irradiation has been made (29). The radiosensitive
genome was found to have a molecular weight of
6-8 x 106, greater than the 3.2 x 106 estimated from
biochemical data (21), suggesting that the host RNA
in the virion may be functional. For Pichinde virus
the kinetics of inactivation by ultraviolet light were

found to correspond to a single-hit mechanism,
which is compatible with only a single genome copy
per virion.
The question of whether the electron-dense gran-

ules observed in arenavirus virions are indeed ribo-
somes has been the focus of much debate. Farber &
Rawls (22) have recently described the biophysical
and biochemical properties of these structures iso-
lated from Pichinde virus. These particles display
sedimentation and buoyant density properties sim-
ilar to BHK-21 cell ribosomes. Analysis of the RNA
component of these particles showed that they con-
tain 28S and 18S RNA species. These observations,
taken in conjunction with those of Carter et al. (21,
29) and Pederson (28) showing that the 28S, 18S and
4-6S RNA segments are of host cell origin, provide
strong justification for identifying the electron-dense
particles as ribosomes derived from the host cell.
The mode of replication of the RNA of arena-

viruses has not been extensively studied. Previous
work (14, 30) has shown that the replication of
several arenaviruses is inhibited by the transcription
inhibitor actinomycin D at levels greater than
1 ,ug/ml. Carter et al. (23) detected RNA-dependent
RNA polymerase activity associated with Pichinde
virus, but no RNA-dependent DNA polymerase was
detected. Neither actinomycin D nor DNase in-
hibited the endogenous polymerase reaction, but the
reaction was ablated by RNase, indicating that
endogenous virus RNA served as a template for the
polymerization reaction. The polymerase requires
Mg++ and Mn++ for optimal activity. The product

Table 3. Pichinde virus production and antigen
synthesis in BHK-21 cells infected and cultured in the
presence of various concentrations of actinomycin D

Actinomy- ~~~~~~~Cell-as-Actinomy- Percentage sociated CF Percentage
cen D con- Virus titrea of maximum antigen of cells
centratgon virus yield (units/mg infected c

(Mg/mI) ~~~~~~~protein)b

0 8 x 107 100 7 100

1 4 x 106 5 4.9 70

2 - - 4.6 66

3 4 x 105 0.5 4.5 64

a Virus titre in supernatant fluids measured 48 h after infection.
b Cell-associated antigen detected in cell lysates by complement

fixation-tested 48 h after infection.
c Percentage of cells infected determined by direct immuno-

fluorescent staining of acetone-fixed cells.
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was found to be partially resistant to RNase, and the
RNase-resistant product had a sedimentation coeffi-
cient of 22-26S.

Recent data obtained in our laboratory have
shown that the production of infectious virus can be
dissociated from complement-fixing antigen synthe-
sis in infected BHK-21 cells (Table 3). When virus
was grown in the presence of concentrations of
actinomycin D that inhibit virus infectivity by
greater than 95% of the control virus production,
CF antigen synthesis was reduced by only 30 %. The
effect was consistently observed in the presence of
increasing doses of actinomycin D. BHK-21 cells
infected with Pichinde virus in the presence of
actinomycin D showed characteristic cytoplasmic
immunofluorescence when stained with conjugated
immune serum at 24-48 hours after infection. Sup-
pression of Pichinde virus replication by actinomy-
cin D was found not to be due to a direct effect of
the drug upon the virus. Similar reductions of yields
were found with both cell-free and cell-associated

virus. Thus, partial expression of the genome in the
form of synthesis of CF antigen appears to occur in
the presence of actinomycin D at concentrations that
markedly inhibit the synthesis of complete infectious
virus.

Irradiation of cells with ultraviolet light at doses
that greatly suppressed DNA and RNA synthesis
prior to infection inhibited the replication of Junin
virus (31). This has also been found to be true for
Pichinde virus. These data suggest that arenavirus
replication may require the participation of host cell
DNA or RNA. Synthesis of Pichinde virus antigens
identified by immunofluorescence was not detected
in cells enucleated by cytochalasin B (unpublished
observation); this finding supports the need for host
cell RNA or DNA function in viral replication.
Since bromodeoxyuridine and iododeoxyuridine
have been repeatedly shown to have little effect on
arenavirus replication (13, 14, 32, 33, 34) it is
unlikely that DNA replication is needed for virus
synthesis.
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ARENAVIRUS: PURIFICATION ET NATURE PHYSICOCHIMIQUE

Les arenavirus sont un groupe de virus ayant une enve-
loppe et qui possedent une propri6te morphologique sin-
guliere, A savoir la presence dans le virion de granules
a la place d'un centre defini. Ces virus contiennent un
genome a ARN monocatenaire, mais on a decele des
quantites appreciables d'ARN de type ribosomique et
d'ARN de 4 & 6S provenant de la cellule h6te. On sait
peu de chose du mode de r6plication des acides nucleiques
viraux. Une ARN-polym6rase ARN-dependante associee
au virion a 6t6 d6crite et, d'apres certaines preuves indi-
rectes, I'ARN ou l'ADN de la cellule hote participe a la

replication du virus. Cependant, les etapes de la synthese
de l'ARN viral et de son expression n'ont pas encore
6te elucidees.
Le virus Pichinde contient 2 glycoproteines et 2 poly-

peptides. Les cellules infectees par ce virus ou par celui
de la MCL produisent 2 antigenes decelables par immuno-
diffusion et qui semblent l'un et l'autre des composants
du virion; neanmoins la relation entre les antigenes deceles
par immunodiffusion et les peptides deceles par 6lectro-
phorese en gel de polyacrylamide n'a pas encore ete
clarifiee.

REFERENCES

1. DALTON, A. J. ET AL. Morphological and cytochem-
ical studies on lymphocytic choriomeningitis virus.
J. Virol., 2: 1465-1478 (1968).

2. ABELSON, H. T. ET AL. Use of enzyme-labeled
antibody for electron microscope localization of
lymphocytic choriomeningitis virus antigens in in-

fected cell cultures. J. nat. Cancer Inst., 42: 497-515
(1969).

3. MuRPHry, F. A. ET AL. Morphological comparison of
Machupo with lymphocytic choriomeningitis virus:
basis for a new taxonomic group. J. Virol., 4: 535-541
(1969).



PHYSICOCHEMICAL NATURE OF ARENAVIRUSES 399

4. MURPHY, F. A. ET AL. Arenaviruses in Vero cells:
ultrastructural studies. J. Virol., 6: 507-518 (1970).

5. LASCANO, E. F. & BERRIA, M. I. Microscopia elec-
tr6nica de virus Junin en cultivos primarios de rini6n
de conejo y de rifi6n de hamster. Medicina (B. Ai-
res), 31: 1-5 (1971).

6. LASCANO, E. F. & BERRIA, M. I. Microscopia elec-
tr6nica de cultivos primarios de fibroblastos de raton
inoculados con virus Junin. Medicina (B. Aires), 29:
487-493 (1969).

7. SPEIR, R. W. ET AL. Lassa fever, a new virus disease of
man from West Africa. IV. Electron microscopy of
Vero cell cultures infected with Lassa fever virus.
Amer. J. trop. Med. Hyg., 19: 670-676 (1970).

8. PFAU, C. J. Biophysical and biochemical character-
ization of lymphocytic choriomeningitis virus. 2. Par-
tial purification by differential centrifugation and
fluorocarbon techniques. Acta. Path. Microbiol.
Scand., 63: 198-205 (1965).

9. PEDERSON, I. R. Density gradient centrifugation
studies on lymphocytic choriomeningitis virus and on
viral ribonucleic acid. J. Virol., 6: 414-420 (1970).

10. RAMOS, B. A. ET AL. Structural proteins of Pichinde
virus. J. Virol., 10: 661-667 (1972).

11. PFAU, C. J. & CAMYRE, K. P. Biophysical and
biochemical characterization of lymphocytic chorio-
meningitis virus. III. Thermal and ultrasonic sensitiv-
ity. Arch. ges. Virusforsch., 20: 430-437 (1967).

12. PARODI, A. S. ET AL. Characteristics of Junin virus.
Arch. ges. Virusforsch., 19: 393-402 (1966).

13. WEBB, P. A. ET AL. Some characteristics of Machupo
virus, causative agent of Bolivia hemorrhagic fever.
Amer. J. trop. Med. Hyg., 16: 531-538 (1967).

14. MIFUNE, K. ET AL. Characterization studies of the
Pichinde virus-a member of the arenavirus group.
Proc. Soc. exp. Biol. Med., 136: 637-644 (1971).

15. PEDERSON, I. R. Methanol precipitation of lympho-
cytic choriomeningitis virus. Acta. Pathol. Microbiol.
Scand., 67: 514-522 (1966).

16. HELP, G. I. ET AL. Evaluaci6n de un metodo de
purificaci6n del virus Junin. Medicina (B. Aires), 30,
Suppl. 1: 15-21 (1970).

17. COTO, C. E. ET AL. Biological properties of Junin
virus purified from infected mouse brain. Medicina
(B. Aires), 32: 281-286 (1972).

18. PEDERSON, I. R. LCM virus: Its purification and its
chemical and physical properties. In: Lehmann-
Grube, F., ed. Lymphocytic choriomeningitis and
other arenaviruses, Berlin, Springer, 1973, pp. 13-23.

19. GSCHWENDER, H. H. ET AL. Lymphocytic chorio-
meningitis virus. I. Concentration and purification of
the infectious virus. J. Virol., 15: 1317-1322 (1975).

20. MARTINEZ-SEGOVIA, Z. M. & DIAz, A. Purification of
Junin virus by an aqueous biphasic polymer system.
Appl. Microbiol. 16: 1602-1604 (1968).

21. CARTER, M. F. ET AL. Characterization of the nucleic
acid of Pichinde virus. J. Virol., 11: 61-68 (1973).

22. FARBER, F. E. & RAWLS, W. E. Isolation of ribo-
some-like structures from Pichinde virus. J. gen.
Virol., 26: 21-31 (1975).

23. CARTER, M. F. ET AL. Polymerase activity of Pichinde
virus. J. Virol., 13: 577-583 (1974).

24. SMADEL, J. E. ET AL. A soluble antigen of lymphocytic
choriomeningitis virus. I. Separation of a soluble
antigen from virus. J. exp. Med., 70: 53-66 (1939).

25. CHASTEL, C. Immunodiffusion studies on a fluoro-
carbon-extracted antigen of lymphocytic chorio-
meningitis virus. Acta Virol. (Praha), 14: 507-509
(1970).

26. BRO-J0RGENSEN, K. Characterization of virus-specific
antigen in cell culture infected with lymphocytic
choriomeningitis virus. Acta Path. Microbiol. Scand.,
79B: 466-474 (1971).

27. BUCHMEIER, M. J. & RAWLS, W. E. Antigens of a
slow virus. J. Reticuloendoth. Soc., 16 Abstract
Suppl.: 80a (1974).

28. PEDERSON, I. R. Different classes of ribonucleic acid
isolated from lymphocytic choriomeningitis virus.
J. Virol., 11: 416-423 (1973).

29. CARTER, M. F. ET AL. Effects of actinomycin D and
ultraviolet and ionizing radiation on Pichinde virus.
J. Virol., 12: 33-38 (1973).

30. BUCK, L. L. & PFAU, C. J. Inhibition of lymphocytic
choriomeningitis virus replication by actinomycin D
and 6-azauridine. Virology, 37: 398-701 (1969).

31. COTO, C. E. & HELP, G. I. Inhibition of Junin (AHF)
virus multiplication in ultraviolet irradiated cells.
Medicina (B. Aires), 31: 417-421 (1971).

32. COTO, C. E. & DE VOMBERGAR, M. D. The effect of 5-
iododeoxyuridine and actinomycin D on the multi-
plication of Junin virus. Arch. ges. Virusforsch., 27:
307-316 (1969).

33. MARTINEZ SEGOVIA, Z. M. & GRAZIOLi, F. The
nucleic acid of Junin virus. Acta Virol. (Praha), 13:
264-268 (1969).

34. WEBB, P. A. ET AL. Parana, a new Tacaribe complex
virus from Paraguay. Archiv. ges. Virusforsch., 32:
379-388 (1970).

35. JOHNSON, K. M. ET AL. Biology of Tacaribe-complex
viruses. In: Lehmann-Grube, F., ed. Lymphocytic
choriomeningitis and other arenaviruses, Berlin,
Springer, 1973, pp. 241-258.



W. E. RAWLS & M. BUCHMEIER

DISCUSSION

CASALS: In one of your tables you showed that after
treatment with different quantities of actinomycin D the
number of units of complement-fixing antigen per milli-
gram of protein varies from 4.9 to 4.6 or 4.5. What
complement-fixing antigen system do you use that can

demonstrate a difference between 4.9 and 4.5 units of
antigen ?

RAWLS: We did a complement fixation test with multiple
wells per antigen unit, so that we could then take an

average of 4 or 5 replicates; this average was then div-
ided by the protein concentration to give units of CF
antigen. I would say that there was no difference between
the last 4 values.

BISHOP: Was your antigen, which is pronase resistant,
also resistant to other proteolytic enzymes? Secondly,
do spikeless particles show the presence of CF antigens?

RAWLS: The antigen was resistant to other proteolytic
enzymes, but I do not know whether spikeless particles
show CF antigens.

BISHOP: The inhibition of the virus by actinomycin D
and the absence of antigens in enucleated cells seems

reminiscent of influenza, but I believe that cells infected
with influenza virus and treated with actinomycin D
contain no antigen whatsoever.

RAWLS: I do not think the behaviour is quite the same

as that of influenza virus, although we anticipated that
it would be. With influenza, after a relatively short inter-
val following initial infection, actinomycin has no effect.
With Pichinde, actinomycin D can be added quite late
and still cause suppression, so it does not seem to be
quite the same phenomenon.

EDDY: In the past you have published data suggesting
that the genome of the virus is segmented. Do you still
subscribe to this notion and have you made any attempts
at genetic recombination?

RAWLS: We have undertaken some experiments that have
not really helped to elucidate the genetic nature. When
the genetic material is extracted using very gentle chemical
methods it remains segmented, but whether it functions
as independent segments or as one genome, I am unable
to say.

FABIYI: Do you have any evidence that one or more

of the CF antigens may be common to other members
of the arenaviruses, as is the case, for example, with
the influenza strains?

RAWLS: We have not yet looked to see which is the
cross-reacting antigen that has been commonly detected.

LEHMANN-GRUBE: It is generally assumed that the par-
ticles seen budding from arenavirus-infected cultivated
cells represent infectious virions. They are pleomorphic
and vary in diameter from 50 to more than 300 nm.
Their interiors are rather unstructured except that they
contain one or several ribosome-like granu!es. In addition
to these well-known structures, Mannweiler & Lehmann-
Grube, in 1972, described particles of another type
released from LCM-virus-infected L-cells; these measure
50-60 nm, are denser, and may contain one or two
granules. They occur less frequently but may comprise
up to 10% of all particles seen. Our suspicion that this
smaller, denser particle may be the infectious LCM virion
was strengthened by reports of Argentinian workers who
found similar structures in great numbers in human and
animal tissues infected with Junin virus. More recently,
Gschwender has determined the size of the infectious
LCM virus particle. His data strongly suggest that the
size of the elementary particle is around 60 nm but that
one infectious unit may consist of aggregates of the basic
particle. Work done in our laboratory by Poperan &
Schafer using ultraviolet irradiation procedures appears
to confirm that, at rather high concentrations, infectious
LCM virus may form aggregates, although these readily
dissociate when diluted.

There is a possibility, therefore, that the characteristic
structures that have given the arenavirus group its name
are, in fact, virus-specific products of infected cells but
are not the infectious arenavirus particles. Final proof
must come from electron microscopic studies, which are
at present in progress. If our suspicion is correct, these
studies should show that highly purified infectious virus
is enriched with respect to dense 50-65 nm particles at
the expense of other arenavirus structures.

RAWLS: The evidence from the usual methods of purifi-
cation is strongly against this view, since the concen-
tration of the characteristic arenavirus particles and
infectivity increase in parallel. These particles have all
the properties that I described. Now, clearly, if there is
another particle and the two particles behave similarly
on purification, we have been mistaken. But until you
can show that there is another particle and that it is
separable, we shall have to assume that what we are
looking at is real and that the infectious unit of the
arenaviruses is the particle that has been described
repeatedly these past 5 years.

HOTCHIN: We have accumulated much evidence that the
complement-fixing and immunofluorescent antibodies to
LCM virus do not have any protective ability inl vivo.
To get protection you need antibody to surface antigens,
i.e., to the virion surface. Have you challenged any of
the guinea-pigs that you immunized with purified frac-
tions, and if so, did the surface or spike fraction convey
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some protective immunity? This might be of interest for
vaccine production.

RAWLS: I have discussed the problem of Pichinde virus
neutralization with Karl Johnson and Patricia Webb-
they can demonstrate it, but I have been unable to,
so we have had difficulty approaching this question. Even
with infection-immune serum, we find the level of neu-
tralization is insufficient to answer this question. We do
get surface immunofluorescence on infected cells, and this
seems to be related to the V3 that I have described as
the surface protein of the virus. I would say, extrapolat-
ing from other virus systems, that the surface antigen is
the one that induces neutralizing or protective antibody.

WELSH: Together with Drs Oldstone, Holland, and
Villarreal I am continuing studies begun with Dr Pfau
on comparative properties of standard LCM virus and
the defective interfering LCM virus form. For most of
these studies, standard virus preparations contained about
1012 virions'ml and 2 x 109 plaque forming units/ml. The
defective virus is quantitated with difficulty, but the prep-
aration represents a 150-fold concentration of the culture
medium from cells persistently infected with LCM and
producing only defective virus. The standard virus bands
at a density of about 1.17 g/ml whereas defective virus
is less dense, usually banding around 1.15-1.17 g/ml.
The standard virus has 28S and 18S cellular RNA, 31S
and 23S viral RNA; defective virus has these same species,
and we do not know exactly where the defect is. Whereas
in the standard virus there is a fairly high ratio of 23S
to 31S, there is a much lower ratio of 23S to 31S in the
defectives. We have looked, without success, for infec-
tious RNA and infectious nucleocapsids, and we have
been unable to find DNA in the virus by putting in a
DNA precursor. Nor could we find RNA polymerase
associated with the virion, using many different tech-
niques. In neither standard nor defective virus did we
find reverse transcriptase; we looked for it in the defec-
tive virus because in some other RNA viral systems, such
as NDV, reverse transcriptase has been associated with
viruses produced by persistently infected cells. Among
the properties of defective virus that are different from
those of standard virus is a marked resistance of the
interfering property to ultraviolet light and to neutral
red (both ultraviolet and neutral red are inactivators of
nucleic acid).
Both infectious and defective particles appear to con-

tain ribosomes. We have looked for protein synthesis
activity with the standard virus using many conditions,
exogenous templates as well as endogenous templates,
and we have also added protein elongation factors.
These tests all came out negative. So, either the con-
ditions were not right or these ribosomes are intctive.
The standard and defective viruses seem to have the
same proteins as far as we can tell by antigenic study:
both of them will fix complement; both of them seem
to have the same cell surface antigen (with both stand-
ard and defective virus we can absorb out iodine-

labelled antibody that binds to infected cell surfaces).
Neutralizing antibody will neutralize the activities of
both standard and defective virus; both will immunize
mice. The standard virus does have cytolytic activity,
although this varies from strain to strain. With defective
virus, no cytolytic activity could be demonstrated. The
defective virus will interfere with other arenaviruses, but
not with heterologous viruses. It is difficult to determine
whether the standard virus will interfere, because one
can never be sure that defectives are not being generated.
The standard virus, of course, can replicate by itself and
defective virus cannot. Defective virus by itself will not
initiate antigen production detectable by immunofluor-
escence, and cell cultures inoculated with defective virus
will not release more interfering components.

Cells from the acutely infected cultures form infective
centres when inoculated on other cells; those from the
defective virus do not. Like Dr Rawls, we have shown
there is no LCM antigen production in enucleated cells;
infective centre levels and virus titre levels are very low
when enucleated cells are used. We disrupted cells and
looked for infectious RNA and infectious DNA with
negative results. We looked for infectious DNA because
of reports in the literature that, with respiratory syncytial
and Newcastle disease viruses, there may be a DNA stage
during persistent infection. We thought that the LCM
genome could have been integrated into DNA since there
was nuclear involvement, but we demonstrated no infec-
tivity in DNA fractions.
We look for RNA polymerase activity in the cyto-

plasm of LCM infectious cells, and we found what
appears to be a complex sedimenting at 200S and syn-
thesizing what would appear to be RNA. This needs
further characterization, but appears to be very similar
in all respects to other RNA virus-transcribing-complexes
found in the cytoplasm of infected cells. Our failure to
find polymerase activity in the virion may indicate that
the LCM virion does not have an active polymerase,
or that the conditions were not right, or perhaps the
polymerase that Dr Rawls described is a poly-u poly-
merase. This is a polymerase that only incorporates
UTP and is associated with ribosomes. We did not find
that activity either, so I do not understand this dis-
crepancy.

RAWLS: I do not understand the discrepancy either, but
I agree that our polymerase has not been characterized
to the degree that is needed to prove that it is unequivoc-
ably the polymerase that is functioning in the virus.

PFAU: There is a possibility that DI virus plays an import-
ant regulatory role in in vivo persistent infections with
arenaviruses-it certainly plays an important role in con-
trolling cytopathogenicity in tissue culture. DI virus has
been discovered in virtually all virus systems studied. Bio-
chemical studies have invariably shown that these DI
viruses lack a random piece of nucleic acid. We have
chosen to study Pichinde DI virus and invariably find
that the 22S piece of the RNA is missing.
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