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Abstract
The mouse-adapted strain of poliovirus type 2 (Lansing) induces fatal poliomyelitis in mice after
intracerebral inoculation, whereas mice inoculated with poliovirus type 1 (Mahoney) show no
signs of disease. Previous work indicated that the adaptation to mouse virulence is associated with
the viral capsid proteins and that mutations in neutralization antigenic site I of poliovirus reduce
neurovirulence of the Lansing strain in mice. The role of antigenic site I in mouse neurovirulence
was further explored by constructing an antigenic hybrid virus. Six amino acids in antigenic site I
of the Mahoney strain were replaced with a sequence specific for the Lansing strain by using a
mutagenesis cartridge. The hybrid virus was neutralized by polyclonal antisera elicited by the type
1 and type 2 strains of poliovirus and by neutralizing monoclonal antibodies directed against
antigenic site I of type 2 virus. The hybrid virus induced paralytic disease in mice, an observation
demonstrating that a short sequence of amino acids in antigenic site I is an important determinant
of poliovirus host range. Antigenic site I may be involved in attachment of poliovirus to cells of
the mouse central nervous system.

Tissue tropism of viruses and the progression of viral disease in the infected host are
determined by several factors. Specific cellular surface molecules that serve as viral
receptors play an important role in these events. Another determinant is the genotype of a
virus because it affects replication within the cell. Genetic variants of highly virulent viruses
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whose genomes differ by very few nucleotides may be dramatically attenuated even though
adsorption and entry of the variant are not impaired.

Poliovirus, a member of the Picornaviridae, has served as a model system to study the
molecular basis of viral pathogenesis, particularly the relationship of genotype and
phenotype to neurovirulence and host range (1). Attenuation of poliovirus appears to be
caused largely by mutations that impair viral replication within the cell (2, 3). Polioviruses,
which occur in three serotypes, are human pathogens that can be propagated only in cultured
cells of primate origin because other cell lines do not express a functional receptor molecule
(4). Although most poliovirus strains can infect only primates, the Lansing strain of
poliovirus type 2 [PV-2(L)] has been adapted to mice (5) and causes fatal paralytic disease
when inoculated intracerebrally (6). In contrast, many other poliovirus strains, including
type I (Mahoney) [PV-1(M)], although highly neurovirulent in primates including man, are
avirulent in mice, even when administered in high doses (7). A molecular genetic analysis of
PV-2(L) has revealed that the major determinant or determinants of the mouse-adapted
phenotype are contained within the four capsid polypeptides (7). A study of the
neurovirulence of neutralization escape mutants of PV-2(L) suggests that the mouse-adapted
phenotype is determined by a specific region of VP1 located roughly between amino acids
90 and 105 (8).

The known chemical (9) and three-dimensional (10) structures of poliovirus, the results of
analyses with neutralizing monoclonal antibodies (N-mAbs) and neutralization-resistant
variants, and the information gained from immunizations with synthetic peptides led to the
identification of three neutralization antigenic sites (N-Ag) of the poliovirion (11). One of
these sites is a continuous sequence of amino acids (90–105) in VP1 and is identical with the
region to which LaMonica et al. (8) had mapped the mouse-adapted phenotype of PV-2(L).
We refer to this region as N-AgI. In the crystal structures of human rhinovirus 14 (12) and
of PV-1(M) (10), N-AgI occurs as a loop near the apexes of the particle.

The development of infectious poliovirus cDNA clones (13) and transcription vectors that
produce unlimited amounts of highly infectious RNA in vitro (14) have made possible the
construction of various poliovirus recombinants useful for studying viral replication and
pathogenesis. The method of “cartridge mutagenesis,” which facilitates exchange of very
small regions of the genome, was adapted for poliovirus (15). To investigate the molecular
basis of neutralization and to explore the possibility of developing novel vaccines, we
described the construction, via a mutagenesis cartridge, of a viable antigenic hybrid virus
consisting of PV-1(M) with the N-AgI of poliovirus type 3 (Leon) [PV-3(Leon)] (16, 17).
This PV-1(M)/PV-3(Leon) antigenic hybrid virus is neutralized by type 1– and type 3–
specific antisera and elicits, in rabbits and monkeys, a type 1– and type 3–specific
neutralizing immune response. Burke et al. (18) also obtained a viable antigenic hybrid virus
[PV-1 (Sabin)/PV-3 (Sabin)] by a different route.

We have now constructed a similar hybrid virus consisting of PV-1(M) with the N-AgI of
PV-2(L) and tested it for expression of the phenotype of mouse neurovirulence. The
sequence of the hybrid virus around N-AgI is shown in Fig. 1, and its construction was
essentially as previously described (17). Briefly, two complementary PV-2(L)–specific
oligodeoxyribonucleotides with a sequence corresponding to amino acids 95–102 (7) were
chemically synthesized and inserted into restriction sites of a PV-1(M) cDNA clone
especially engineered for this purpose (17). The resulting plasmid contained the poliovirus
cDNA preceded by a phage T7 promoter that served as a signal for transcriptional initiation
with phage T7 RNA polymerase to generate infectious poliovirus genomic RNA in vitro
(14). HeLa cell monolayers were transfected with the synthetic viral RNA, and virus
(designated strain W1/2–1D-1) was isolated after a cyto-pathic effect had developed.
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Nucleotide sequence analyses of the parental plasmid DNAs, of the synthetic transcripts,
and of the genomic RNA of the W1/2–1D-1 hybrid virus confirmed the expected heterotypic
nucleotide sequence coding for N-AgI. Serological analysis showed that the PV- 2(L)–
specific sequence that replaced the N-AgI of PV-1(M) was recognized by a type-specific
polyclonal antiserum to PV-2(L), while the other neutralization antigenic sites were
recognized by type 1–specific antiserum (Table 1); that is, W1/2–1D-1 was neutralized by
hyperimmune sera elicited by PV-1(M) or PV-2(L). Moreover, the hybrid virus was
neutralized by monoclonal antibodies specific for N-AgI of PV-2(L) (19) but not by a
monoclonal antibody specific for N-AgI of PV-1(M) (20) (Table 2). Thus, the genetically
engineered W1/2–1D-1 virus is a true antigenic hybrid virus similar to the PV-1(M)/
PV-3(Leon) virus (16, 17).

Tenfold dilutions of the W1/2–1D-1 hybrid virus were injected intracerebrally into 20-day-
old mice, and the animals were observed for 21 days as described by LaMonica et al. (8).
Median lethal dose (LD50) values were calculated (Table 3). In contrast to PV-1(M), to
which mice are completely resistant [at 5 × 108 plaque-forming units (PFU) per inoculation],
the W1/2–1D-1 hybrid virus is markedly neurovirulent with an LD50 of 1.4 × 106 PFU.
Virus was recovered from the spinal cords of four mice that had become paralyzed at
different times after inoculation with different levels of the hybrid virus. Nucleotide
sequence analysis of viral RNA indicated that none of the neural isolates contained base
changes in the N-AgI region.

The LD50 value of the antigenic hybrid is about ten times higher than was previously
observed for transfection-derived PV-2(L) (Table 3). The reduced neurovirulence of the
hybrid virus is not due to changes within N-AgI that might attenuate the virus (8), as
demonstrated by sequence analysis of neural isolates. One possibility is that sites other than
N-AgI of PV-2(L) are required for the full expression of mouse neurovirulence. However, a
similar hybrid constructed by others was reported to be as neurovirulent as PV-2(L) in mice
(21). Perhaps the PV-1(M) cDNA clone used in our experiments carries attenuation markers
for mouse neurovirulence. We are currently searching for the reason for the reduced
neurovirulence of the hybrid virus W1/2–1D-1 relative to PV- 2(L).

Our studies of mouse neurovirulence have led to the conclusion that an exchange of only six
amino acids in the N-AgI loop converts PV-1(M) from an avirulent to a highly neurovirulent
virus in mice. These data confirm our previous conclusion that the exposed loop formed by
amino acids 95–105 in poliovirus is involved in mouse neurovirulence (8). We do not know
the molecular basis for the change of host range and the concomitant induction of
neurovirulence by the exchange of but a few amino acids in an exposed loop of the
poliovirus capsid. Neither the cellular receptor for poliovirus, nor the precise region of the
virion that interacts with the receptor has been identified. Rossmann et al. (12) proposed that
a canyon surrounding the apex below the exposed loop serves as the receptor attachment
site, a suggestion recently corroborated by genetic studies with human rhinovirus 14 (22). It
is possible that attachment of poliovirus to the mouse cell receptor, whether or not it is
similar to the primate cell receptor, involves amino acids of the N-AgI loop.

Studies of poliovirus neurovirulence in young mice have recently confirmed that the 5′
nontranslated region of poliovirus type 3 (Sabin) confers a strong attenuation phenotype to
PV-2(L) (23). In this case, the development of disease is strongly influenced not by surface
properties of the particle, but by a specific nucleotide sequence of the viral genome
important for replication of the virus. In contrast, the biological properties of the hybrid
virus we described are solely the result of surface properties of the virion and therefore are
believed to influence steps of virus entry. This conclusion is based on the observation that a
recombinant in which the PV-1(M) capsid was exchanged with that of PV-2(L) is as
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neurovirulent in mice as PV-2(L) and that PV-1(M) RNA replicates efficiently after
transfection into cultured mouse cells (24). The W1/2–1D-1 hybrid virus, in addition to an
altered antigenic phenotype, also expresses a change of host range. It is likely that multiple
amino acid replacements in the highly exposed N-AgI loop have occurred during the
evolution of the Picornaviridae. Our results suggest that such subtle changes of the virion
capsid may in some cases have led to the emergence of new etiological agents with altered
tissue tropism, perhaps explaining in part why human enteroviruses and rhinoviruses cause
such a bewildering array of different disease syndromes in humans.
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Fig. 1.
Schematic representation of the poliovirus hybrid showing β sheet B and β sheet C flanking
the N-AgI loop (10, 11). Amino acids of PV-1 (M) are shown in the top shaded box and
those of W1/2–1D-1 are shown in the bottom box, with the substituted amino acids
unshaded. Amino acids identical between PV-1(M) and W1/2– 1D represented by dashes.
The mutagenesis cartridge is enclosed in the large box. (●) The naturally occurring Sph I
restriction site; (■) the newly generated Hind III restriction site (17). Abbreviations for the
amino acid residues are: A, Ala; C, Cys; D, Asp; I, Ile; K, Lys; L, Leu; M, Met; N, Asn; P,
Pro; R, Arg; S, Ser; T, Thr; and V, Val.
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Table 1

Serological characterization of the W1/2–1D-1 hybrid virus with neutralizing polyclonal antibodies. TCID50,
median tissue culture infectious dose.

Virus

Dilution of antibody neutralizing 100 TCID50

Antibody to

Type 1 Type 2

PV-1(M) >1:4096 <1:2

PV-2(L) <1:2 1:2048

W1/2–1D-1 >1:4096 1:64
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Table 2

Serological characterization of the W1/2–1D-1 hybrid virus with neutralizing monoclonal antibodies to
PV-2(L) N-AgI (22) and PV-1(M) N-AgI (23).

Virus

Dilution of antibody neutralizing 100 TCID
50

Antibody to

PV-2(L) N-Ag I (mAb 433) PV-1(M) N-Ag I (mAb 95)

PV-1(M) <1:4 1:32

W1/2–1D-1 >1:4096 <1:4

PV-2(L) 1:1024 <1:4
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Table 3

Mouse neurovirulence of the W1/2–1D-1 hybrid virus relative to PV-1(M) and PV-2(L) viruses. LD50 is the
amount of virus (PFU) required to cause paralysis or death in 50% of mice in 21 days. LD50 values for
PV-2(L) are from (8) and for PV-1(M) are from (7).

Virus LD50

W1/2–1D-1 1.4 × 106

PV-2(L) 5 × 103 to 1 × 105

PV-1(M) >5 × 108
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