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a-Dystroglycan (a-DG) has been identified as a major receptor for lymphocytic choriomeningitis virus
(LCMYV) and Lassa virus, two Old World arenaviruses. The situation with New World arenaviruses is less
clear: previous studies demonstrated that Oliveros virus also exhibited high-affinity binding to «-DG but that
Guanarito virus did not. To extend these initial studies, several additional Old and New World arenaviruses
were screened for entry into mouse embryonic stem cells possessing or lacking a-DG. In addition, represen-
tative viruses were further analyzed for direct binding to «-DG by means of a virus overlay protein blot assay
technique. These studies indicate that Old World arenaviruses use a-DG as a major receptor, whereas, of the
New World arenaviruses, only clade C viruses (i.e., Oliveros and Latino viruses) use a-DG as a major receptor.
New World clade A and B arenaviruses, which include the highly pathogenic Machupo, Guanarito, Junin, and
Sabia viruses, appear to use a different receptor or coreceptor for binding. Previous studies with LCMV have
suggested the need for a small aliphatic amino acid at LCMV GP1 glycoprotein amino acid position 260 to
allow high-affinity binding to a-DG. As reported herein, this requirement appears to be broadly applicable to
the arenaviruses as determined by more extensive analysis of a-DG receptor usage and GP1 sequences of Old
and New World arenaviruses. In addition, GP1 amino acid position 259 also appears to be important, since all
arenaviruses showing high-affinity «-DG binding possess a bulky aromatic amino acid (tyrosine or phenylal-

anine) at this position.

Arenaviruses are enveloped, single-stranded RNA viruses
with a bisegmented and ambisense genome (8). Two groups of
arenaviruses are presently recognized: the Old World arenavi-
ruses, with lymphocytic choriomeningitis virus (LCMV) and
Lassa virus as the prototype members, and the New World
arenaviruses, a more extensive group, with Tacaribe virus as
the prototype. In both groups, a substantial number of the
viruses are associated with severe hemorrhagic fever (HF), yet
some of the viruses are not known to cause human disease. In
the Old World group, Lassa virus is the cause of Lassa fever, a
severe disease with a mortality of approximately 15%. The
New World arenaviruses have previously been divided into
three major clades, A, B, and C, with all of the HF viruses
being members of clade B (4). These include Junin, Machupo,
Guanarito, and Sabia viruses, which are the cause of Argen-
tinian HF, Bolivian HF, Venezuelan HF, and a single fatal HF
case in Brazil, respectively (8). These New World HF viruses
generally result in disease with higher mortality (20 to 30%)
than Lassa fever. Rodents are the natural hosts of arenavi-
ruses, and human infections occur by exposure to rodent ex-
creta.

It seems likely that the considerable variation seen among
these viruses in their pathogenicity and tropism is linked, at
least in part, to variation in host cell receptor usage (16, 23).
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The selective attachment and binding of enveloped RNA vi-
ruses to host cells are often a complex process involving vari-
ous receptors and coreceptors (2, 20). To date, only a-dystro-
glycan (a-DG) has been identified as a receptor for the
arenaviruses (10). However, some New World arenaviruses
and variants of Old World arenaviruses appear to have low-
affinity binding to a-DG, suggesting the potential role of ad-
ditional receptors or coreceptors (10, 24). To examine this
further, we analyzed the interaction of most of the New World
arenaviruses and an additional Old World virus, Ippy, with
a-DG. Initial screening was done using stem cell lines lacking
(null mutant) or possessing a-DG (/™). This was followed by
use of a virus overlay protein blot assay (VOPBA) technique to
measure differences in the affinity of binding of the viruses to
a-DG. Last, we determined the nucleotide sequence of the
region of the genome of the New World arenaviruses encoding
the GP1 glycoprotein domain equivalent to that suspected to
be critical for LCMYV binding to o-DG (10, 15, 24).

Our binding studies show that, while virtually all isolates of
the Old World arenaviruses exhibit high-affinity binding to
a-DG, New World arenaviruses in clades A and B do not.
Comparison of the deduced GP1 amino acid sequences indi-
cate that the amino acids at positions 259 and 260 influence
virus-host cell receptor interactions. This study highlights the
importance of «-DG in binding of Old World arenaviruses and
clade C New World arenaviruses to host cells and indicates
that the other New World arenaviruses, including those asso-
ciated with HFs, utilize a different major receptor or corecep-
tor.



VoL. 76, 2002

MATERIALS AND METHODS

Proteins and antibodies. «-DG was purified from rabbit skeletal muscle (12).
Monoclonal antibodies to LCMV-GP, WE36.1 (GP1), and 86.3 (GP2) have been
described earlier (7). Horseradish peroxidase (HRP)-conjugated anti-mouse im-
munoglobulin G (IgG) was from Pierce Chemical Co. (Rockford, Ill.). Mouse
hyperimmune serum against the Old World and New World arenaviruses was
from the Special Pathogens Branch of the Centers for Disease Control and
Prevention (Atlanta, Ga.).

Virus strains, virus purification, and virus quantification. LCMV Armstrong
ARMS53b is a triple plaque-purified isolate of ARM CA 1371 (11). LCMV WE54
has been described elsewhere (27). Seed stocks of LCMV stains were prepared
by growth in baby hamster kidney (BHK-21) cells. Purified virus stocks were
produced and titers were determined as described earlier (10, 11). The rest of the
virus strains used in this study were obtained from the collection at the Special
Pathogens Branch, Centers for Disease Control and Prevention. The virus pas-
sage history of each is as follows: Parana SHBS, V1, E6 + 1; Oliveros, E6 + 2;
Tamiami SMB7, SHB1, V1, E6 + 2; Latino SHB6, V1, E6 + 1; Pichinde SM14,
SHBI, V1, E6 + 1; Amapari SM13, V1, E6 + 1; Sabia SMB, E6 + 2; and
Machupo SM80, E6 + 3. Ippy virus was obtained from R. Shope, University of
Texas Medical Branch at Galveston. The exact history of this virus is unclear, but
it had been passed in suckling mice and had not been tissue culture adapted prior
to this study. Allpahuayo virus was obtained from R. B. Tesh, University of Texas
Medical Branch at Galveston. Purified virus stocks for Amapari, Parana, Oliv-
eros, and Latino viruses were prepared as previously reported (10). The work
with most of the infectious viruses was done at biosafety level 3 (BSL-3), with the
exception of the Machupo, Sabia, Flexal, and Guanarito viruses, which were
handled in the BSL-4 laboratories at the Special Pathogens Branch, and the
LCMYV strains, which were handled at BSL-2.

Cells. African green monkey kidney (Vero-E6) and BHK-21 cells were main-
tained in Dulbecco’s modified Eagle medium (Gibco BRL, Grand Island, N.Y.)
containing 10% fetal calf serum (HyClone, Logan, Utah). The a-DG knockout
embryonic stem (ES) cells (B11) and the wild-type (R1) cells were maintained in
Dulbecco’s modified Eagle medium containing 20% fetal calf serum, 1% glu-
tamine, 1% essential amino acids (Gibco BRL), 0.001% B-mercaptoethanol
(Sigma, St. Louis, Mo.), and 10° U of leukemia inhibitory factor (Gibco BRL)/
ml. The cells were seeded in tissue culture flasks pretreated with 0.1% gelatin.

Immunofluorescence. «-DG*/* and «-DG /™ ES cells were grown on gelatin-
pretreated glass coverslips and were infected with the arenaviruses at a multi-
plicity of infection of 0.1 to 1, with the exception of Ippy virus, which was used
at an apparent low multiplicity of infection because it had previously only been
passed in suckling mice. At 24 h postinfection, the infected cells were washed
twice with phosphate-buffered saline (PBS) and were fixed with acetone at room
temperature for 10 min. After fixation, the cells were washed three times with
PBS and mouse hyperimmune serum against New World arenaviruses was added
at a 1:200 dilution in 1% bovine serum albumin in PBS for 30 min. The cells were
then washed three times with PBS and incubated for 30 min with fluorescein
isothiocyanate-conjugated goat anti-mouse IgG (Sigma), diluted 1:200 in 1%
bovine serum albumin in PBS. Multiple final washes were done, and the cells
were mounted on microscope slides and viewed using a Zeiss microscope.

VOPBA. VOPBA was performed as described earlier (10, 25). In brief, a-DG
from rabbit skeletal muscle was subjected to sodium dodecyl sulfate-polyacryl-
amide gel electrophoresis (SDS-PAGE), and the protein was transferred to
nitrocellulose. Virus binding was tested, using 107 PFU of Lassa virus (LFV) and
LCMV (WES54 and ARM53b) per ml. Bound virus was detected by monoclonal
antibodies 33.6 (undiluted hybridoma supernatant) and 86.6 (dilution 1:500),
using an HRP-conjugated secondary antibody. Blots were developed using Super
Signal West Pico ECL Substrate (Pierce), and signals were recorded on autora-
diographic film (Kodak, Rochester, N.Y.). For VOPBA with Oliveros, Latino,
Amapari, and Parana viruses, purified a-DG from rabbit skeletal muscle (5
wg/lane) was separated by SDS-PAGE, blotted to nitrocellulose by electrotrans-
fer, and incubated with 107 PFU of polyethylene glycol-precipitated Amapari,
Oliveros, Latino, and Parana viruses per ml. For detection of bound virus, a
1:1,000 dilution of mouse hyperimmune serum against New World arenaviruses
and an HRP-coupled anti-mouse IgG secondary antibody were used. Blots were
developed with enhanced chemiluminescence (ECL) as described above.

Detection of Oliveros, Latino, Amapari, and Parana viruses in dot blot. Prep-
arations of Oliveros, Latino, Amapari, and Parana viruses were diluted to 107
PFU/ml and dotted on nitrocellulose. After being air dried, the membrane was
blocked in 5% skim milk powder—PBS for 1 h. As primary antibody, a 1:1,000
dilution of mouse hyperimmune serum against New World arenaviruses was used
in 2% (wt/vol) skim milk-PBS and was incubated for 1 h at 6°C. After three
washes in PBS-0.1% (wt/vol) Tween 20, the secondary antibody, goat anti-mouse
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1gG coupled to peroxidase 1:5,000 in PBS-0.1% (wt/vol) Tween 20, was applied
for 1 h at room temperature. The blot was developed using Super Signal West
Pico chemiluminescence substrate.

RNA extraction, amplification, and sequence analysis. RNA was extracted
from supernatants of Vero-E6 cells infected with the virus isolates Latino,
Amapari, Guanarito, Parana, Machupo, and Tamiami. TriPure reagent (1 ml)
was added to 200 pl of tissue culture medium followed by chloroform extraction
and matrix purification (Rnaid kit; Bio 101, La Jolla, Calif.). For reverse tran-
scriptase PCR amplification, three main primer pairs were used. A conserved
reverse primer with sequence neg933 (CTCTAAACAGTATCCACCTGG)
(numbering based on Allpahuayo virus S segment) was used in all three pairs.
The forward primer of the first pair was designed based on the Oliveros virus S
genome segment sequence. This primer, pos861 (TACAAAACACCACTTGG
GA), and reverse primer neg933 were used to amplify the S segment fragment of
Latino, Guanarito, and Amapari viruses. The forward primer of the second pair
was designed based on the Allpahuayo virus S genome. This primer, pos757
(TTATCATTCAGAACACAACATGG), and neg933 were used to amplify the S
segment fragment of Parana and Tamiami viruses. The forward primer of the
third pair was designed based on the Junin (Parodi strain) virus S segment
sequences. This primer, pos450 (GTGGGGCATGATTGGT), and neg913 were
used to amplify the S segment fragment of Machupo virus. The PCR products
were purified using the Qiagen (Valencia, Calif.) PCR purification kit. A fraction
of the purified product was used to perform cycle sequence analysis as previously
described (4). The primers used in the sequence reaction were the same as those
used in the PCR. All sequences were verified by sequencing of both strands of
the PCR products.

Phylogenetic analysis. Phylogenetic analysis was done using the PAUP* (ver-
sion 4.0b4a) Macintosh computer software program (26). Nucleotide sequence
differences were analyzed by the maximum-parsimony method, using the heu-
ristic search option and a 3:1 weighting of transversions over transitions.

RESULTS

Is a-DG the major receptor for the New World arenavi-
ruses? The initial study on the identification of «-DG as the
host cell receptor for Old World arenaviruses (LCMV and the
Lassa fever, Mopeia, and Mobala viruses) included only two
members of the diverse New World arenavirus group, namely,
Oliveros and Guanarito (10). Oliveros virus showed high-af-
finity binding to «-DG, whereas Guanarito showed only low-
affinity binding. On the basis of these results, we anticipated
that the receptor usage for the New World arenaviruses might
not be as uniform as that for the Old World arenaviruses. To
examine this prospect, most of the New World arenavirus were
screened for their ability to bind to a-DG. In this study we also
included Ippy virus, an Old World arenavirus not included in
the earlier study.

Screening was performed on two mouse ES cell lines. These
included the parental line, which expressed a-DG (a-DG*/*
stem cell line), and a knockout version lacking a-DG (a-
DG /") (14). Cells were infected and assayed by immunoflu-
orescence for virus uptake and replication 24 h postinfection.
Of the 11 New World arenaviruses tested, only Oliveros and
Latino viruses showed high levels of virus antigen in the
a-DG™* stem cells and negligible virus antigen in the a-DG
knockout cells, indicating clear use of a-DG as their major
functional receptor (Fig. 1). As expected, the Old World virus
Ippy showed evidence of infection on a-DG™/* stem cells but
none on the a-DG knockout, a finding similar to the results
seen with virtually all of the Old World arenaviruses tested
previously (10). Direct virus binding to «-DG was tested by
VOPBA, using a-DG purified from rabbit skeletal muscle im-
mobilized on nitrocellulose membranes. As seen in Fig. 2A,
the Old World arenaviruses LCMV WES4 and Lassa virus
bind to «-DG with comparable affinity, whereas LCMV
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FIG. 1. New World arenavirus infection of mouse ES cells expressing or not expressing a-DG. Virus-specific immunofluorescence staining of
mouse ES cells infected with representative viruses of the different clades of the New World arenaviruses. Cells expressing «-DG (A, C, E, and
G) are labeled a-DG*/*. «-DG null mutant cells (B, D, F, and H) are labeled «-DG~/~. Viruses: Amapari (A and B) as a clade B representative,
Parana (G and H) as a clade A representative, and Latino (C and D) and Oliveros (E and F) as members of clade C. As would be expected, the
percentages of virus-positive cells in a-DG™/* versus a-DG /" cells per optical field for a-DG-binding viruses, Oliveros and Latino, were 97 and
98%, respectively, and 47 and 52% for the non-a-DG-binding viruses, Amapari and Parana, respectively.
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FIG. 2. Comparison of the binding affinities for a-DG between Old and New World arenaviruses. a-DG purified from rabbit skeletal muscle
was separated by SDS-PAGE and blotted to nitrocellulose. The Old World arenaviruses LCMV WE54, LCMV ARMS53b, and Lassa virus (LFV)
(A) were applied at 107 PFU/ml and detected by the monoclonal anti-LCMV GP2 antibodies 33.6 and 86.6, using an HRP-conjugated anti-mouse
IgG secondary antibody and ECL substrate. The New World arenaviruses Oliveros, Latino, Amapari, and Parana (B), each shown in a duplicate
lane and used at a concentration of 10’ PFU/ml, were detected by a 1:1,000 dilution of mouse hyperimmune serum against New World arenaviruses

and an HRP-conjugated secondary antibody as for panel A.

ARMS53b exhibits a markedly lower binding affinity. Among
the New World arenaviruses tested, Oliveros and Latino but
not Amapari and Parana showed binding to a-DG (Fig. 2B).
The intensity of the signals obtained with Oliveros and Latino
suggests binding affinities in the range of the high-affinity bind-
ers among the Old World arenaviruses, such as LCMV WE54
and Lassa virus. A dot blot assay was used to show that similar
amounts of each purified virus were used in the affinity-binding
assay (Fig. 3).

Examination of the relationship of arenavirus phylogeny
and ability to infect a-DG-expressing or non-a-DG-expressing
stem cells. As shown previously, phylogenetic analysis of the
arenaviruses shows the clear division between the Old and New
World arenaviruses and defines the three major clades of New
World viruses, with Oliveros and Latino representing the only
currently defined members of clade C (Fig. 4). The extensive
variety of viruses making up clades A and B includes the most
pathogenic members of the New World arenaviruses, and all
appear not to use a-DG as their receptor. Similar to the ex-
tensive phylogenetic analysis carried out by others (6, 8), we
found no support for the earlier suggestion by Albarifio et al.
(1) that, of the New World arenaviruses, Pichinde and Oliveros
viruses are the most closely related to the Old World arenavi-
ruses.

Latino Parana

FIG. 3. Detection of Oliveros, Latino, Amapari, and Parana viruses
by dot blot assay. Five microliters (upper row) and 2.5 wl (lower row)
of 107-PFU/ml Oliveros, Latino, Amapari, and Parana viruses were
immobilized in nitrocellulose and detected with a 1:1,000 dilution of
mouse hyperimmune serum against New World arenaviruses, using a

peroxidase-conjugated secondary antibody and ECL substrate for de-
tection.

Oliveros  Amapari

Possible sequence requirements in GP1 determine a-DG
receptor usage. Extensive studies of LCMV variants had sug-
gested that amino acid 260 may play an important role in
determining usage of a-DG as a receptor (15, 24, 25). The
parental LCMV Armstrong strain and its variant, clone 13,
differ considerably in their pathogenicity for mice and their
affinity for «-DG. Clone 13 virus binds o-DG at a 2.5-log-
higher affinity than does the parental Armstrong virus. Further,
clone 13 binding can be blocked by 4 to 6 nM soluble a-DG,
whereas more than 400 nM is required to block LCMV Arm-
strong. Reassortments between LCMV clone 13 and LCMV
Armstrong mapped the genes involved in binding to the S
RNA, which encodes the GP and NP proteins (25). There are
only two amino acid differences identified between Armstrong
and clone 13. There are amino acid change in the surface GP1
at position 260 from an F (Armstrong) to an L (clone 13) and
a second change in the L viral polymerase at position 1079
from K (Armstrong) to Q (clone 13) (22). Thus, the altered use
of a-DG as a receptor would appear to be linked to the change
at GP1 amino acid 260, as noted by sequence analysis of more
than 35 LCMYV variants and strains that showed different bind-
ing affinities to a-DG (24).

Sequence analysis of the Old and New World arenaviruses
(Fig. 5) shows that the presence of a leucine or isoleucine at
position 260 would be generalized as required for the interac-
tion of the virus surface glycoproteins with their receptor us-
age. However, it is noteworthy that all the viruses that utilize
a-DG have a bulky amino acid possessing an aromatic ring,
such as F or Y, at amino acid position 259. It appears that the
combination of a bulky aromatic amino acid at 259 and a small
aliphatic amino acid at 260 may be required for a-DG binding.
The presence of a second bulky amino acid at position 260 (as
in the case of LCMV Armstrong and other strains and variants
of LCMV not containing a bulky aromatic amino acid at this
position and which fail to bind to «a-DG [24]) must sterically
hinder virus—a-DG interaction or alter the secondary or ter-
tiary structure and thereby lower the affinity of binding of such
viruses to a-DG.
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FIG. 4. Arenavirus phylogenetic analysis. An arenavirus phyloge-
netic tree was generated based on maximum-parsimony analysis of the
sequence differences present among an aligned 637-nucleotide region
of the virus genome S segments (6, 21). Analysis using the heuristic
search option and a 3:1 weighting of transversions over transitions
generated a single most-parsimonious tree. Horizontal distances rep-
resent nucleotide step differences (see bar scale), while vertical
branches are for visual clarity only. The arenavirus S segment se-
quences included the following viruses: LCMV WE54 (GenBank ac-
cession number M22017), LCM Armstrong (M20869), Lassa AV
(Af246121), Lassa Josiah (J04324), Lassa 803213 (x52400), Lassa LP
(af181854), Lassa GA391 (af181853), Mobala (af012530), Mopeia
(m33879), Ippy (u80003), White Water Arroyo (af228063), Tamiami
(u43690), Allpahuayo (ay012687), Pichinde (k02734), Parana
(u43689), Flexal (u43687), Pirital (af277659), Oliveros (u34248),
Latino (u43688), Guanarito (u43686), Amapari (u43685), Machupo
(x62616), Junin (d10072), Tacaribe (m20304), and Sabia (u41071).
Two major clades are seen, corresponding to the Old and New World
arenaviruses. The New World viruses form three major clades: A, B,
and C. The high- or low-affinity «-DG binding of each virus tested is
indicated adjacent to the virus label. ND, not done.

DISCUSSION

The receptor of the Old World arenaviruses has been iden-
tified recently as a-DG. Utilizing the same tools used in the
initial identification of the a-DG receptor (i.e., mouse stem
cells expressing a-DG or null mutants lacking «-DG and
a-DG-binding assays), we extended the screening to include
most of the New World arenaviruses and Ippy virus, an Old
World arenavirus not included in the earlier study. The present
study shows that all of the New World arenaviruses tested, with
the exception of the clade C viruses Oliveros and Latino, do
not use the same receptor as the Old World arenaviruses. The
use of different receptors or coreceptors by members of the
same virus family is not surprising, as this has often been
observed in viruses belonging to the same genus (3, 13). On the
other hand, the extent of the a-DG usage as a receptor by
many of the arenaviruses is quite surprising, given the diverse
tropism (e.g., LCMV versus Lassa) and pathogenicity (Lassa
versus Mopeia) of many of these viruses.

Analysis of the phylogenetic relationship of the arenaviruses
relative to their a-DG receptor usage indicates that the Old
World arenaviruses and the clade C New World arenaviruses

J. VIROL.

Virus strain . Genbank
28
NN

LCM Arm GPFGMSRILLSQEKTK. . FFTRRLAGTFTWTLSDSSGVEN m20869
LCM Arm clonel3 GPFGMSRILLSQEKTK. . FLTRRLAGTFTWTLSDSSGVEN m20869
LCM WES4 GPFGMSRILFAQEKTK. . FLTRRLAGTFTWTLSDSSGVEN aj297484

Mopeia AN21366
Lassa I LP

RPSPMGFLSLLSQRTRNFYISRRLLGLFTWTLSDSEGNDM m33879
RPSPIGYLGLLSQRTRDIYISRRLLGTFTWTLSDSEGNET af181853
RPSPIGYLGLLSQRTRDIYISRRLLGTFTWILSDSEGKDT j04324
Lassa V AV RPSPIGYLGLLSQRTRDIYISRRLLGTFTWTILSDSEGNAT af246121
Lassa II Nig 803213RPSPIGYLGLLSQRTRDIYISRRLLGTFTWTLSDSEGNEA afl181854
Lassa III Nig GA391RPSPIGYLGLLSQRTRDIYISRRLLGTFTWTLSDSEGNET x52400
HLNTIHLLM. .S.STGQSFITRRLOAFLTWTLSDATGNDL u34248
Latino HLNTIHLLM. .S .STGQSFITRRLOAFLTWTLSDALGNDL 2f492669
Allpahuayo CLHP2098PMSTIRMAL..N.KVAYSSVSRQLLGFFTWDISDSSGAHV ay012687
Pichinde PMATIRMAL. .Q.RTAYSSVSRKLLGFFTWDLSDSSGOHV k02734
White Water Arroyo HLSSMHLIV..QNAYKQMIKSRTLKSFFAWSLSDATGTDM af228063
Pirital VAV-488 PMSTVRMII. .Q.KTAYSSVSRKLLGFFTWDISDSSGQHV af277659
Tacaribe HINTFRFLS. .RSQ.KSIAVGRTLKAFFSWSLTDPLGNEA m20304
HVNTLHFLT. .RGK.NIQLPRRSLKAFFSWSLTDSSGKDT u70799

Lassa IV Josiah

Oliveros

Junin XJ Parodi

Sabia HVNSMHLML. . ANA.GRSSGSRRPLGIFSWTITDAVGNDM u41071

Guanarito HVNTLRFLV. .KNA.G.YLVGRKPLAFFSWSLSDPKGNDM af492674
Amapari HYNTLAFLL. . KNT.ANSLPKRRPLAFFSWSLSDSSGNDM af492670
Parana PMSTIRMAL. .N.KVAYSSVSRKLLGFFTWDISDSSCRHV af492671
Machupo HVNTLHFLV. .RSK. THLNFERSLKAFFSWSLTDSSGKDM af492672

Tamiami HMSAMQLITS. .NIHTQVVRARRILSFFTWSLSDAVGNDM af492673

FIG. 5. Possible sequence requirements on the GP1 for high-affin-
ity binding to a-DG. Arenaviruses using a-DG as their major receptor
have the small aliphatic amino acid leucine or isoleucine at position
260 (position numbering relative to LCMV) and a bulky aromatic
amino acid, phenylalanine or tyrosine, at position 259 (presented in
boldface). The consensus sequence cleavage site (tetrapeptide) be-
tween GP1 and GP2 of each arenavirus is shown underlined in italics.

share this property. The rodent hosts of the Old World arena-
viruses are evolutionarily more ancient than the hosts of the
New World arenaviruses, strongly suggesting that the Old
World arenaviruses are ancestral to the New World arenavi-
ruses (5). It would appear then that the use of a-DG as a
receptor may be an ancestral feature of the arenaviruses that
has been lost by clades A and B but retained by clade C New
World arenaviruses during the evolution of this diverse virus
family. However, based on virus-host ecologic and phyloge-
netic studies, it is very difficult to explain why only clade C of
the New World arenaviruses utilizes the same receptor as the
Old World arenaviruses. An earlier phylogenetic study sug-
gested that Oliveros (clade C) and Pichinde (clade A) New
World arenaviruses may be more closely related to the Old
World arenaviruses and ancestral to the clade B New World
arenaviruses (1). This would have correlated to some extent
with Old World and clade C arenaviruses sharing the ancestral
property of a-DG receptor usage. However, a recently done,
more rigorous phylogenetic analysis (6, 8) showed that the
ancestral placing of Oliveros and Pichinde relative to other
New World arenaviruses in the earlier study (1) was an artifact
of the method used. Similarly, there is no clear correlation
relative to primary rodent reservoir host species. For example,
the natural host for clade C viruses Latino and Oliveros are
Calomys callosus and Bolomys obscurus, respectively (i.e., ro-
dents of two different rodent genera within the family Muri-
dae). However, C. callosus is also the natural host of Machupo
virus (clade B).

Earlier studies indicated the importance of the GP1 carboxy
terminus in arenavirus-host cell interactions. More specifically,
previous sequence analysis of LCMV variants has clearly
shown that aliphatic amino acid L or I at GP1 position 260 is
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critical for a-DG high-affinity binding and receptor usage (24,
25). The present study further defines the amino acid require-
ment for a-DG receptor usage. Comparison of the GP1 amino
acid sequences and o-DG receptor usage of a broad array of
Old and New World arenaviruses indicates that, despite also
being aliphatic, a V instead of L or I at position 260 (e.g.,
Pirital, Pichinde, Allpahuayo, Guanarito, Parana, and Tacaribe
viruses) prevents high-affinity «-DG binding.

In addition to L or I at position 260, we observed that the
presence of the bulky aromatic amino acid F or Y at position
259 may be critical for high-affinity «-DG binding. This sug-
gests that the GP1 amino acid motif corresponding to a-DG
high-affinity binding may be a bulky aromatic (F or Y) at
position 259 followed by a small aliphatic (L or I) at position
260. This would be consistent with the low-affinity binding seen
for LCMV Armstrong, in which a second bulky aromatic
amino acid (F) replaces the small aliphatic amino acid at po-
sition 260. This presumably causes a steric hindrance of the
high-affinity a-DG binding. Similarly, the absence of a-DG
binding by Pirital, Pichinde, Allpahuayo, Guanarito, Parana,
and Tacaribe viruses, despite the presence of the small ali-
phatic V at position 260, may be related to the absence of a
bulky aromatic at position 259 in these viruses. Interestingly,
the amino acid region amino-terminal to positions 259 and 260
is highly variable, reminiscent of binding domains and neutral-
ization sites seen in influenza variants and other well-charac-
terized segmented negative-strand RNA viruses (17).

There is only 1 amino acid separating position 260 from the
tetrapeptide sequence of the consensus cleavage site (9, 18).
For Lassa virus, the consensus cleavage site has been identified
as RRLL. Based on mutational analysis, the motif R-X-L/I/
V-L has been shown to be essential for cleavage (18). In ad-
dition, subtilase SKI1/S1P has been identified recently as the
cleavage enzyme of the Lassa virus glycoprotein precursor
(19). It is, however, apparent from the sequences reported in
this paper that most of the tetrapeptide cleavage site sequences
of the New World arenaviruses, including some of the patho-
genic ones, such as Machupo, Sabia, and Guanarito, do not
possess the consensus motif R-X-L/I/V-L. Cellular proteases
other than SKI1/S1P could be responsible for the cleavage of
the New World arenaviruses’ glycoprotein precursor and their
tissue tropism.

In addition to amino acid position 260, a second amino acid
at position 153 of GP1 (position numbering relative to LCMV)
has been implicated in receptor binding based on earlier stud-
ies of virus reassortants between LCMV strain WE variants
and the Armstrong strain (27). However, the comparison of
the published Old and New World arenavirus GP1 sequences
indicates that position 153 is highly variable among these vi-
ruses, and no obvious correlation can be seen relative to virus
a-DG binding. The ability to make site-directed specific
changes in the LCMV GP1 and direct affinity-binding mea-
surements to a-DG using surface plasmon resonance should
be informative in this regard.

The virus family Arenaviridae includes an extensive number
of severe human pathogens that cause HFs. The identification
of the various receptors and coreceptors utilized by arenavi-
ruses and of their relationship relative to viral pathogenesis is
clearly important and should lead to a deeper understanding of
this virus-host cell interaction and the potential treatment of
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arenavirus-associated human diseases. This study emphasizes
the need for continuing studies on the identification of addi-
tional receptors and coreceptors that must be utilized by the
New World arenaviruses.
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