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Role of a Structural Glycoprotein of Pseudorabies in Virus Virulence
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The virulence of deletion mutants of pseudorabies virus defective in the expression of glycoprotein gI, gp63,
or both was tested in 1-day-old chickens and young pigs. In the absence of expression of gI, the virulence of a
fully virulent laboratory strain, PrV(Ka), for 1-day-old chickens was reduced approximately fourfold.
Inactivation of glycoprotein gp63 appeared also to affect the virulence of PrV(Ka) only slightly, as did
inactivation of both gI and gp63. The level of reduction in virulence, however, was considerably more marked
in Bartha 43/25aB4, a less virulent virus strain. Inactivation of the expression of gI in Bartha 43/25aB4 reduced
virulence for chickens at least 100-fold. The results obtained when the virulence of the mutants for pigs was
determined were compatible with those obtained for chickens. These results indicate that gI plays a role in
virulence, but that it does so in conjunction with at least one other viral function (a function that is defective
in Bartha 43/25aB4).

The genome of pseudorabies virus (PrV), a herpesvirus of
pigs, is divided into two components, long (L) and short (S).
The S component is composed of a unique sequence (Us)
bracketed by inverted repeats. PrV causes latent, as well as
acute, often fatal infection of the nervous system in pigs and
acute infection in other domestic and wild animals (3). In
some vaccine strains of PrV, Bartha, for example, a segment
of the S component of the genome is deleted, and in this
strain the deleted segment of DNA plays a role in virulence
(1, 2, 7, 8, 9). Restoration of an intact S component to Bartha
does not, however, restore virulence; restoration of viru-
lence is possible only by double-marker rescue with se-
quences that span the region of the S component of the
genome that has been deleted, as well as sequences from the
middle of the L component (which encode four genes
involved in nucleocapsid assembly) (9). The doubly rescued
Bartha, strain 43/25aB4, is virulent for both 1-day-old chick-
ens and young pigs, but the dose of virus required for
virulence is greater than that of wild-type virus (9).
The region in the S component that is deleted from the

Bartha strain and that has to be restored before virulence is
expressed encodes two structural glycoproteins, gI and gp63
(11, 13, 14); it may also encode several other viral functions,
since several additional mRNAs transcribed from that region
are present in the cytoplasm of cells infected with wild-type
virus but not in the cytoplasm of cells infected with the
Bartha strain (8). The experiments described in this paper
were done to determine which of these genes are involved in
virulence and to ascertain whether deletion of any one of
them would suffice to affect the virulence of PrV. Our results
show that glycoprotein gI plays a role in virulence of PrV
and that it does so in conjunction with other viral genes.

Deletions that abolish the expression of either gI or gp63
or both were introduced into the wild-type PrV(Ka) genome
or into the virulent doubly rescued Bartha vaccine genome
(Bartha 43/25aB4). The following two types of mutants were
used: (i) mutants in which a large part of the coding sequence
of the gene was deleted (details concerning the construction
of these mutants have been described [12]) and (ii) deletion/
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insertion mutants in which some sequences near the 5' end
of the coding sequence of the gene were removed by Bal 31
digestion and a sequence of M13 DNA was inserted (Fig. 1).
Although each of these types of mutants has different
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FIG. 1. Maps of PrV mutants with deletions or deletion/inser-
tions in the genes encoding gI and gp63. The top of the figure shows
the BamHI restriction map of PrV DNA. The positions of the genes
encoding gI, gp63, and part of gp50 are illustrated in line 4. The
deletions which span sequences in gI (AgI) or gI and gp63
(AgI/gp63) are shown in lines 5 and 6. Details concerning the
procedures used to obtain these mutants are described elsewhere
(12). Lines 7 and 8 illustrate the structures of the region of interest
in the deletion/M13 insertion mutants of gp63 and gI, respectively.
In these mutants, approximately 200 base pairs flanking the StuI or
BstEII sites were removed by digestion with Bal 31 nuclease, and a
HaeIII fragment of M13, approximately 200 base pairs in size, was
inserted. The darkened areas indicate the M13 sequences that have
been inserted into these genes. Details concerning the construction
of these mutants will be reported elsewhere (T. C. Mettenleiter and
T. Ben-Porat, manuscript in preparation).
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TABLE 1. Dose of gl- and gp63- virus mutants required to kill day-old chickens

LD50 (PFU)a for:
Virus Phenotype

PrV(Ka) Phylaxia Bartha 43/25aB4

Wild type gI+/gp63+ 5.0 x 101 6.5 x 101 1.0 X 104
Deletion mutant gI-/gp63 + 2.0 x 102 2.5 x 102 >106

gl-/gp63- 2.5 x 102 NDb >106
Deletion/M13 insertion mutant gl-(M13) 2.5 x 102 ND ND

gp63-(M13) 1.0 x 102 ND ND

a Chickens (1 day old) were injected intracerebrally with 30 RI of 10-fold dilutions of the indicated virus stock (eight chickens per dilution). The LD50s were
calculated by the method of Reed and Muench.

b ND, Not determined.

experimental advantages, the salient point related to the
experiments in the present study is that both types of
mutants do not express glycoprotein gI or gp63, either alone
or together.
The virulence of the gI-, gp63-, and gI-/gp63- mutants

for day-old chickens injected intracerebrally was determined
(Table 1). The virulence of gI- mutants of two different
virulent strains, PrV(Ka) and Phylaxia, was only slightly
reduced compared with that of wild-type virus; their 50%
lethal doses (LD50s) were increased approximately fourfold.
Inactivation of gp63 alone in PrV(Ka) also had only a small
(if any) effect on virulence.
While inactivation of gI in wild-type virus affected viru-

lence only slightly, inactivation of gI in Bartha 43/25aB4 had
a marked effect on virulence and increased the LD50 at least
100-fold. Bartha 43/25aB4 is only partially virulent; i.e., it is
defective in some gene(s) that affects virulence. Because
inactivation of gI had a more profound effect on the viru-
lence of Bartha 43/25aB4 than on that of wild-type virus, one
can conclude that gI affects virulence in conjunction with at
least one other gene product.

Table 1 also shows that the doubly defective mutants,
PrV(Ka)gI-/gp63- and Bartha 43/25aB4gI-/gp63-, did not
appear to be less virulent than the gl- mutants of these
viruses, indicating either that gp63 plays no role in virulence
or that, if it does, its effect is not additive to that of gI.

Figure 2 illustrates the effect of infection with gI- or
gl-/gp63- mutants on the weight of young pigs, as well as
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FIG. 2. Effects of infection with different PrV mutants on young
pigs. See the legend to Table 2 for experimental details.

the appearance of signs of disease and death. Table 2
summarizes these results. Infection of 3-week-old pigs with
wild-type PrV(Ka) under the conditions of infection used
killed all five of the animals within 8 days of inoculation.
Mutants defective in gI or gI and gp63 were significantly less
virulent; in only 60% of the infected animals was a loss of
weight, as well as signs of disease and death, observed.

Infection of the pigs with Bartha 43/25aB4 (the vaccine
strain to which partial virulence had been restored) induced
a loss of weight, signs of disease, or death in three of five
experimental animals. Thus, as expected, Bartha 43/25aB4
was virulent, but less so than wild-type PrV(Ka) virus. The
gI- and gl-/gp63- mutants of Bartha 43/25aB4, however,
were completely avirulent; pigs inoculated with these mu-
tants gained weight at the same rate as did uninfected
animals.
The LD50s of the virus in pigs were not determined

because of the expense involved. It is not possible, there-
fore, to state unequivocally that the inactivation of the gI
gene in the Bartha 43/25aB4 genome caused a greater reduc-
tion in virulence for pigs than it did in the PrV(Ka) genome,
as was the case for chickens (see Table 1). The results show
clearly, however, that gI- mutants are less virulent for pigs
than are viruses that express gI and that the double
gl-/gp63- mutants do not appear to be less virulent than the
gI- mutant, i.e., that, as mentioned above, gp63 either plays
no role in virulence for pigs or, if it does, its effect is not
additive to that of gI.

Different regions of the genome of both herpes simplex
virus and PrV that affect virulence have been identified.
With the exception of thymidine kinase (4, 5, 8, 10, 16) and
gC of herpes simplex virus (6), which have been shown to
affect virulence, little is known about the functions that are
responsible for virulence of the herpesviruses. The experi-
ments in this study identify another viral function, the gI

TABLE 2. Virulence of gl- and gl-/gp63- mutants
for young pigs'

Virulence (no. of animals affected/no. inoculated) of:

Phenotype PrV(Ka) Bartha 43/25aB4

Signs of Det Signs of Death
disease eath disease

gI + /gp63 + 5/5 5/5 3/5 2/5
gl-/gp63+ 3/5 2/5 0/5 0/5
gl-/gp63- 3/5 2/5 0/4 0/4

" Three-week-old pigs were inoculated both intranasally and intramuscu-
larly with 107 PFU each of either wild-type (gI+/gp63+) PrV(Ka) virus,
deletion mutants that do not express gI (gl-/gp63+), or mutants that do not
express gl and gp63 (gI-/gp63-). The animals were observed for 14 days for
signs of disease (loss of appetite, respiratory distress, fever, and loss of
weight) and death.
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glycoprotein of PrV, as one that plays a role in the virulence
of this virus. Recently, also, Quint et al. (15) reported that
deletions in the S component of the viral genome (which
includes the region that is known to encode gI) affect
virulence of the virus for pigs and mice.

Inactivation of gI alone (and possibly also of gp63 alone)
decreased the level of virulence of the virus only slightly.
However, inactivation of gI in conjunction with another viral
function affected virulence much more profoundly. This
conclusion was reached from the following considerations.
Inactivation of gI in Bartha 43/25aB4 affected virulence for
chickens much more severely than its inactivation in the
PrV(Ka) or Phylaxia strain did. Bartha 43/25aB4 is a variant
of the Bartha vaccine strain to which partial virulence has
been restored by marker rescue with two regions of the viral
genome. It was, however, 100-fold less virulent than wild-
type virus; i.e., it appears to be defective in at least one other
gene that is necessary for the full expression of virulence.
Because inactivation of gI in Bartha 43/25aB4 affected viru-
lence to a greater extent than it did in fully virulent virus
strains, it appears that the effect of inactivation of gI on
virulence depends on the genetic background of the virus
strain. We conclude that gI affects virulence in conjunction
with another gene(s).

Glycoprotein gI plays a role (also in conjunction with
other viral functions) in virus release, a role that appears to
be cell type specific (12). It is interesting that both virus
release from certain cells (12) and virulence (this study) are
affected more profoundly by inactivation of gI in Bartha
43/25aB4 than in PrV(Ka). The possibility that the effect of
inactivation of gI on virus release and on virulence are
related is appealing.
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