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Experiments to analyze the function of the equine herpesvirus 1 (EHV-1) glycoprotein gM homolog were
conducted. To this end, an Rk13 cell line (TCgM) that stably expressed EHV-1 gM was constructed. Proteins
with apparent Mrs of 46,000 to 48,000 and 50,000 to 55,000 were detected in TCgM cells with specific anti-gM
antibodies, and the gM protein pattern was indistinguishable from that in cells infected with EHV-1 strain
RacL11. A viral mutant (L11DgM) bearing an Escherichia coli lacZ gene inserted into the EHV-1 strain RacL11
gM gene (open reading frame 52) was purified, and cells infected with L11DgM did not contain detectable gM.
L11DgM exhibited approximately 100-fold lower titers and a more than 2-fold reduction in plaque size relative
to wild-type EHV-1 when grown and titrated on noncomplementing cells. Viral titers were reduced only 10-fold
when L11DgM was grown on the complementing cell line TCgM and titrated on noncomplementing cells.
L11DgM also exhibited slower penetration kinetics compared with those of the parental EHV-1 RacL11. It is
concluded that EHV-1 gM plays important roles in the penetration of virus into the target cell and in spread
of EHV-1 from cell to cell.

Herpesvirus glycoproteins are crucially involved in the early
stages of infection, in the release of virions from cells, and in
the direct cell-to-cell spread of virions by fusion of neighboring
cells (reviewed in reference 29). To date, 11 herpes simplex
virus type 1 (HSV-1)-encoded glycoproteins have been identi-
fied and have been designated gB, gC, gD, gE, gG, gH, gI, gJ,
gK, gL, and gM. HSV-1 mutants lacking gC, gE, gG, gI, gJ, and
gM are viable, indicating that these genes are dispensable for
replication in cultured cells (reviewed in reference 26). Com-
parison of the HSV-1 and equine herpesvirus 1 (EHV-1) nu-
cleotide sequences revealed that all of the known HSV-1 gly-
coproteins are conserved in EHV-1 (2, 4, 8, 10, 32–34).
According to the current nomenclature, these glycoproteins
are designated by the names of their HSV-1 homologs. Al-
though it is known that EHV-1 gE and gI are not essential for
growth in cell culture, the contributions of other EHV-1 gly-
coproteins to replication in cultured cells are not known (11).
Six envelope glycoproteins of EHV-1 had been mapped by
using a lgt11 expression library and monoclonal antibodies
(MAbs) raised against purified EHV-1 (3). In addition, tran-
scriptional and protein analyses have shown that the glycopro-
teins gB (19, 30), gC (18), gD (10), gG (8), gH (25), and gK
(34) are expressed in EHV-1-infected cells. Glycoprotein gM
(encoded by gene UL10 [6, 7]) is the most recent HSV-1
glycoprotein which has been analyzed in detail. It is the only
reported nonessential glycoprotein which is conserved in all
herpesviral subfamilies and has been described for human cy-
tomegalovirus and the Gammaherpesvirinae members EHV-2,
herpesvirus saimiri, and Epstein-Barr virus (1, 5, 16, 31). Like

many herpesvirus glycoproteins, HSV-1 gM is present in viri-
ons and membranes of infected cells. HSV-1 mutants solely
lacking gM grew to titers reduced approximately 10-fold rela-
tive to those of wild-type virus and showed a reduced virulence
in a murine model (6, 17). The absence of functional gM
obviated the syncytial phenotype of a viral gB mutant, suggest-
ing that gM, like gB, plays a role in cell-to-cell fusion (9). The
EHV-1 gM homolog (gp21/22a; referred to as EHV-1 gM in
this report) was first described by Allen and Yeargan (3) and
was shown to be a major constituent of the virus envelope.
Further investigations revealed that gene 52, the gene homol-
ogous to HSV-1 UL10, encoded the 450-amino-acid EHV-1
gM polypeptide (23, 32). EHV-1 gM represents a multiple
hydrophobic protein which contains six to eight transmem-
brane domains and has been reported to be present in infected
cells and in purified virions as a 45,000-apparent-Mr protein
(23, 32).
The goal of this study was to characterize the function of

EHV-1 gM by constructing a cell line stably expressing EHV-1
gM and a gM-negative EHV-1 mutant. The results reported
here indicate that the EHV-1 mutant lacking gM is impaired in
entry and spread of virus in cultured cells.
Construction and characterization of a cell line expressing

EHV-1 gM. Preliminary results had suggested that efficient
purification of a gM-negative EHV-1 mutant required a com-
plementing cell line expressing gM. The EHV-1 gM open read-
ing frame was therefore amplified by a standard PCR (27)
using a thermostable polymerase exhibiting 39 proofreading
activity (Pfu; Stratagene) and EHV-1 strain RacL11 (22) as a
template. The 59 primer (59-atcggaattcATGGCACGACGGG
GAGC-39) contained an EcoRI site and the 39 primer (59-
acgtctgcagTTACTATCGGTACTCCCGGCG-39) contained a
PstI site to facilitate cloning. The resulting 1.37-kbp amplicon
was cleaved with these restriction enzymes (Boehringer Mann-
heim) and cloned into pTZ18R (Pharmacia), and the recom-
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binant plasmid was termed pPgM. The EHV-1 gM-encoding
sequences were released from pPgM by cleavage with EcoRI
and SphI and cloned into pcDNAI/Amp (Invitrogen) under the
control of the human cytomegalovirus immediate-early pro-
moter, giving rise to plasmid pCgM (Fig. 1). The Rk13 cell line
TCgM expressing EHV-1 gM was constructed by cotransfec-
tion of pCgM (1 to 10 mg) and pSV2-neo (1 mg) containing the
gene encoding neomycin resistance under the control of the
simian virus 40 early promoter (12). Transfected cells were
grown in the presence of G-418 (Gibco-BRL) (800 mg/ml), and

G-418-resistant colonies were cloned by limiting dilution. To
verify the expression of EHV-1 gM by TCgM, cells were ana-
lyzed by indirect immunofluorescence with a flow cytometer
(FACscan; Becton Dickinson). TCgM cells were fixed with 1%
paraformaldehyde, permeabilized with digitonin (0.0025%),
stained with the gM-specific MAb 13B2 (3) (kindly provided by
G. P. Allen, Lexington, Ky.), and reacted with anti-mouse
immunoglobulin G–fluorescein isothiocyanate conjugate (Sig-
ma). Cells were then counterstained with propidium iodide
(1026 M) to distinguish intact from permeabilized cells. Anal-
ysis of the stained cells with a FACScan flow cytometer (22)
indicated that in the presence of digitonin, 100% of the cells
reacted with MAb 13B2. Thus, EHV-1 gM was expressed in
the TCgM cell line (Fig. 2A). Cells that were not fixed and
permeabilized with digitonin and that occluded the propidium
iodide stain by virtue of their intact plasma membranes were
not recognized by the 13B2 antibody (Fig. 2B). These data
therefore suggested either that gM was not present on the cell
surface or that gM was present on the TCgM cell surface and
the epitope (located in the hydrophilic carboxy terminus of the
gM molecule [21, 23]) was inaccessible to the 13B2 antibody.
To ensure that this observation was not an artifact of gM

expression in the absence of other EHV-1 proteins, we per-
formed experiments to determine if the epitope recognized
by 13B2 was detectable in nonpermeabilized infected cells.
Edmin337 cells were infected with 1 PFU of EHV-1 RacL11
per cell, reacted with MAb 13B2, and analyzed by flow cytom-
etry. At 18 h postinfection (p.i.), almost 100% of cells showed
a specific signal with MAb 13B2 after treatment with digitonin
(Fig. 2C). By conventional and laser confocal microscopy it

FIG. 1. (a) Schematic diagram showing the positions of BamHI sites within
the EHV-1 strain RacL11 genome. (b) Gene 52, the HSV-1 UL10 homolog, was
amplified by PCR. The amplified product was cloned into pTZ18R (pPgM),
pcDNAI/Amp (pCgM), or pSVK3 (pSVgM). (c) To disrupt gene 52, pSVgM was
linearized at a unique SmaI site, and a SalI-BamHI fragment of pTT264A1 (20)
bearing the E. coli lacZ gene was cloned into pSVgM to yield plasmid pSVgMb1.
P, PstI; S, SmaI; E, EcoRI; Sa, SalI; B, BamHI.

FIG. 2. Fluorocytometric analysis of TCgM and RacL11-infected Edmin337 cells harvested at 18 h p.i. with MAb 13B2. FL1, fluorescence intensity. The solid lines
represent the histogram for transfected or infected cells, and the dotted lines represent the signal obtained for nontransfected or noninfected control cells. (A)
Intracellular staining of EHV-1 gM produced by TCgM cells. Cells were fixed and treated with digitonin followed by reaction with MAb 13B2 and fluorescein
isothiocyanate-conjugated anti-mouse immunoglobulin G antibody. (B) Analysis of EHV-1 gM on the surface of TCgM cells. Unfixed cells were reacted with the
antibodies as described for panel A, and after the staining, cells were gated for no propidium iodide fluorescence. (C) Intracellular staining of EHV-1 gM in cells at
18 h after infection with RacL11. The fixation and staining of cells were performed as described for panel A. (D) Intact EHV-1-infected cells (gated for no propidium
iodide fluorescence) were stained with MAb 13B2 at 18 h p.i. and then reacted with the fluorescein isothiocyanate conjugate.
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could be shown that EHV-1 gM is present in the plasma mem-
brane of both TCgM and RacL11-infected cells (data not
shown). However, as in TCgM cells, no specific signal was
obtained in intact infected cells reacted with the 13B2 antibody
(Fig. 2D). Inasmuch as the 13B2 epitope is available for reac-
tion with the antibody only when cells are permeabilized, it is
concluded that the carboxy terminus of gM is located on the
cytoplasmic side of the plasma membrane of the TCgM cell
line and EHV-1-infected cells.
To further characterize the gM protein(s) specified by

TCgM, lysates of TCgM cells, RacL11-infected cells (14 h p.i.),
and purified RacL11 virions were prepared (28). The lysates
were incubated in sample buffer (28) containing 2-mercapto-
ethanol at 568C for 2 min, were separated by sodium dodecyl
sulfate (SDS)–10% polyacrylamide gel electrophoresis (PAGE)
(15), transferred to a nitrocellulose membrane (14), and
probed with MAb 13B2 or a gM-specific mouse polyclonal
antiserum. The antiserum was prepared from mice that were
immunized four times with pCgM DNA (100 mg in 50 ml of
phosphate-buffered saline) at 15-day intervals. Bound antibod-
ies were visualized with an anti-mouse immunoglobulin G–al-
kaline phosphatase conjugate and Nitro Blue Tetrazolium–5-
bromo-4-chloro-3-indolyl phosphate (Sigma) as a substrate.
Proteins with apparent Mrs of 46,000 to 48,000 and 50,000 to
55,000 were specifically detected by both MAb 13B2 (data not
shown) and mouse polyclonal antiserum in TCgM cell lysates
and in RacL11-infected cell lysates (Fig. 3). In purified RacL11
virions, only the higher-Mr species (50,000 to 55,000) was
present. Additionally, a band with an apparentMr of 110,000 to
115,000 was detected in lysates of purified RacL11 virions,
suggesting that gM forms higher-order structures (Fig. 3). To
ensure that the observed protein bands contained EHV-1 gM,
we took advantage of the fact that gM aggregates at a high
temperature (7, 23). Heating of the samples to 958C led to the
disappearance of the 46,000- to 48,000-, the 50,000- to 55,000-,

and the 110,000- to 115,000-Mr proteins in lysates of TCgM
cells, RacL11-infected cells, and RacL11 virions. Instead, a
broad band in the stacking gel that did not enter the resolving
gel reacted with gM-specific antibodies in all samples (Fig. 3).
This indicated that the above-described proteins displayed the
properties of gM. We therefore conclude that (i) the 46,000- to
48,000-, 50,000- to 55,000-, and 110,000- to 115,000-apparent-
Mr proteins all contain gM protein and (ii) identical gM-con-
taining protein species were present in the engineered TCgM
cell line and EHV-1-infected cells.
Construction of a gM-negative RacL11 mutant. The SmaI-

site located 400 bp downstream of the gM start codon con-
tained in plasmid pSVgM (Fig. 1) was used for insertion of the
Escherichia coli lacZ gene contained in pTT264A1 (20) (kindly
provided byW. Fuchs and T. C. Mettenleiter). Plasmid pSVgM
was generated by releasing the EHV-1 gM gene from pPgM
with EcoRI and PstI and cloning into vector pSVK3 (Pharma-
cia). To insert the 4-kbp lacZ cassette into pSVgM, the cas-
sette was released from pTT264A1 by cleavage with SalI and
BamHI, 59 overhangs were filled in with the Klenow fragment
(Boehringer Mannheim) (28), and the fragment was cloned
into SmaI-linearized pSVgM, giving rise to plasmid pSVgMb1

(Fig. 1). Various amounts (0.5 to 2.0 mg) of RacL11 DNA
prepared from purified virions were lipotransfected (DOTAP;
Boehringer) with 1 to 10 mg of pSVgMb1 plasmid DNA into
TCgM cells, and progeny virus was plated under an agarose
overlay containing 300 mg of Bluogal (Gibco-BRL) per ml.
Blue plaques were picked and subjected to five consecutive
rounds of plaque purification, and the plaque-purified recom-
binant virus lacking a functional gM gene was designated
L11DgM. To confirm the expected genotype of L11DgM,
TCgM or Edmin337 cells were infected with L11DgM or the
parental virus RacL11, respectively. Viral DNA was cleaved
with BamHI, PstI, and EcoRI. After separation on 0.8% aga-
rose gels, the DNA fragments were transferred to a nylon
membrane (24) and were probed with labelled DNA fragments
containing the gM gene or the 4-kbp insert of pTT264A1

containing the lacZ gene. These analyses revealed the follow-
ing. (i) In RacL11 DNA an 11.2-kbp BamHI fragment, a 9.3-
kbp PstI fragment, and a 12.7-kbp EcoRI fragment were de-
tected by the labelled gM probe. (ii) No reactivity was obtained
with the lacZ-specific probe in RacL11 DNA, whereas in lanes
containing L11DgM DNA, the lacZ-specific probe hybridized
with a DNA fragment of 15.2 kbp after cleavage with BamHI,
a DNA fragment of 13.3 kbp after cleavage with PstI, and two
bands of 8.7 and 8.0 kbp after cleavage with EcoRI. In the last
case, two EcoRI fragments hybridized with the lacZ probe
because an additional EcoRI site was introduced by the inser-
tion of the expression cassette. (iii) DNA fragments of elec-
trophoretically identical sizes also hybridized with the gM
DNA probe in L11DgM viral DNA. Since the fragments were
increased in size by 4 kbp relative to the original wild-type
DNA fragments and hybridized with the lacZ probe, we con-
cluded that the b-galactosidase expression cassette was in-
serted in the gM gene locus of L11DgM DNA (Fig. 4A). To
test for gM expression by the L11DgM virus, Edmin337 cells
infected with L11DgM or RacL11 were prepared 36 h p.i. and
identical samples were transferred to separate nitrocellulose
membranes. One membrane was probed with the anti-gM
MAb 13B2, and the other was probed with the anti-gB MAb
4B6 (22). Whereas gM was readily detectable in lysates of
RacL11-infected cells, no reaction was obtained in cell lysates
infected with L11DgM (Fig. 4B, panel gM). The absence of gM
expression in L11DgM-infected cells was not due to the inabil-
ity of L11DgM to infect cells, because probing with the gB-
specific MAb 4B6 (22) showed that in both RacL11- and

FIG. 3. Immunoblot analysis of TCgM lysates (TCgM), mock-infected cell
lysates (mock), RacL11-infected cell lysates (inf. cells), purified RacL11 virions
(RacL11), or purified L11DgM (L11DgM) virions produced on complementing
TCgM cells. Samples were prepared in the presence of 2-mercaptoethanol and
heated to either 56 or 958C. Lysates were separated by SDS–10% PAGE, trans-
ferred to nitrocellulose, and incubated with the anti-gM antiserum. The origin of
the separating gel is indicated by an arrowhead, and the Mrs of the protein
markers (in thousands) are given.
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L11DgM-infected cell lysates, gB was detectable (Fig. 4B,
panel gB). It is concluded that the gM protein cannot be
detected in cells infected with L11DgM, although L11DgM is
theoretically able to encode amino acids 1 to 128 of gM.
Growth characteristics of L11DgM on different cell lines. To

characterize the growth of the gM-negative L11DgM virus,
three separate experiments were conducted. (i) Edmin337 cells
were infected (1 PFU per cell) with L11DgM or RacL11, and
at different times p.i., virus yields from infected cell culture
supernatants or cell lysates were determined. Viral titers de-
termined for L11DgM were reduced at all time points com-
pared with those for the parental RacL11, and an approxi-
mately 100-fold reduction was observed at 36 h p.i. There was
virtually no difference between viral titers derived from super-
natants of infected cells and those from infected cell lysates
(data not shown). (ii) The relative abilities of the mutant and
parental viruses to form plaques were tested by infection of
various cell lines with wild-type and mutant virus; the cells
were then overlaid with methylcellulose, which prevented the
formation of secondary plaques. At day 4 after infection, the
diameters of 50 plaques of each virus-cell combination were
measured. It could be demonstrated that plaques produced by
L11DgM were reduced in size by more than a factor of 2 on
noncomplementing cells compared with those on the com-
plementing cell line TCgM or the plaques produced by the
parental RacL11 (Table 1). On Rk13 cells, the plaques pro-
duced by L11DgM were barely visible. (iii) To characterize the
growth of the gM-deficient mutant at a low multiplicity of
infection, the gM-complementing cell line TCgM, Rk13 cells,
or Edmin337 cells were infected with the gM-negative
L11DgM or wild-type RacL11 virus at 0.1 PFU per cell. Virus
progeny was harvested at 48 h p.i. and titrated on TCgM, Rk13,
and Edmin337 cells. The results of these experiments are sum-
marized in Table 2. The titers obtained upon infection with the
parental RacL11 were very similar when grown and titrated on

TCgM or Rk13 cells and were somewhat higher in Edmin337
cells (Table 2). In contrast, the titers obtained after infection
with L11DgM were reduced about 100-fold compared with
those obtained after infection with the parental RacL11 when
grown and titrated on noncomplementing cells. When
L11DgM was propagated on the complementing TCgM cells
and titrated on noncomplementing cells, titers were reduced
only about 10-fold compared with growth on complementing
cells. The 10-fold reduction in L11DgM viral titers was also
obtained when the mutant virus was grown on noncomple-
menting cells and titrated on TCgM (Table 2).
From these experiments we conclude the following: the

EHV-1 gM is required for (i) efficient cell-to-cell spread and
(ii) efficient production of infectious virus, in that both the
number of PFU and the plaque size of L11DgM were markedly
reduced when propagated and titrated on noncomplementing
cells. The observation that virus produced on complementing
cells was partially restored in its ability to replicate on non-
complementing cells was of particular interest since these re-
sults suggested that gM was incorporated into L11DgM virions
during replication on complementing cells. This incorporation
was addressed by immunoblot analysis of L11DgM virions pu-

FIG. 4. (A) Photograph of RacL11 and L11DgM BamHI, EcoRI, or PstI DNA fragments hybridized with digoxigenin-labelled gM-specific (pPgM) or lacZ-specific
(b-gal) DNA probes. The sizes of the reactive fragments are given in kilobase pairs. (B) Photographs of immunoblots containing mock-, RacL11-, or L11DgM-infected
cell lysates and probed with the monospecific anti-gM antiserum (gM) or anti-gB MAb 4B6 (gB). The Mrs of the protein markers (in thousands) are indicated.

TABLE 1. Plaque size of RacL11 and L11DgM on Edmin337
and Rk13 cells

Cell line
Plaque size (mean diam [mm] 6 SD)a of:

RacL11 L11DgM

TCgM 360 6 90 270 6 80
Rk13 310 6 70 110 6 50
Edmin337 500 6 100 190 6 70

a The plaque size was determined by using a magnifying glass with a metric
scale. Values represent the mean of the diameters of 50 individual plaques.
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rified by sucrose gradient centrifugation after production in
TCgM cells. As in RacL11 virions, the monospecific anti-gM
antiserum reacted with the 50,000- to 55,000- and 110,000- to
115,000-Mr proteins after incubation of the L11DgM lysate at
568C and with a broad band in the stacking gel in an identical
sample heated to 958C (Fig. 3). These results demonstrated
that gM provided by TCgM is present in L11DgM virions and
improved the ability of the gM-negative virus to replicate in
noncomplementing cells, supporting the possibility that
EHV-1 gM plays a role early in the infectious cycle.
Kinetics of penetration of L11DgM. To test the hypothesis

that gM plays a role in viral entry, both complementing and
noncomplementing cells were infected with approximately 100
PFU of the L11DgM virus and parental RacL11 for 1 h at 48C.
At this temperature, attachment normally occurs but virus
penetration does not (13). Indeed, less than 10% of input virus
infectivity could be recovered from the medium after the 1-h
adsorption period at 48C. The incubation temperature of cells
was shifted to 378C; starting immediately after the temperature
shift (time zero) and at various times thereafter, cells were
washed briefly with citrate buffer (pH 3.0) to inactivate virus
that had not entered cells (13). The low-pH buffer was then
removed, the monolayers were washed, medium was added,
and the percentage of plaques produced in citrate-treated cells

relative to the number produced in nontreated cells was de-
termined. The results indicated that whereas 60% of the in-
fectious parental RacL11 was protected from extracellular acid
treatment 30 min after shifting the temperature from 4 to 378C
(Fig. 5, closed rectangles), only 25% of L11DgM was protected
from acid treatment at this time point on noncomplementing
Edmin337 cells (Fig. 5, closed circles). After 60 min of incu-
bation at 378C, .85% of RacL11, but only 50% of L11DgM,
was protected from low-pH treatment. The lower rate of pen-
etration of L11DgM could be totally overcome by allowing the
L11DgM virus produced on noncomplementing cells to inter-
act with the complementing cell line TCgM (Fig. 5, open cir-
cles). L11DgM virus produced on complementing TCgM cells
penetrated into both Edmin337 and TCgM cells (Fig. 5, trian-
gles) with kinetics which were virtually indistinguishable from
those of RacL11 or from those of L11DgM produced on non-
complementing cells and assayed on TCgM cells. From these
experiments it is concluded that EHV-1 gM is required for
optimal penetration of target cells by EHV-1 and that the
TCgM cell line is able to complement virus penetration of a
gM-negative EHV-1 mutant.
In sum, this study describes the analysis of an EHV-1 mutant

lacking gM. The mutant was analyzed on equine and rodent
cells as well as on a cell line which expresses EHV-1 gM and
complements its function. Analysis of the mutant in non-
complementing cells presents the first evidence that a gM ho-
molog is involved in viral entry and also indicates that gM is
necessary for optimal viral spread in cultured cells. HSV-1 gM
has similarly been implicated in cell-to-cell fusion, which may
contribute to spread of virus in cultured cells (9). However,
comparison of the functions of herpesvirus glycoproteins indi-
cates that homologous glycoproteins may confer different func-
tions in different herpesvirus systems. Thus, it is not surprising
that the EHV-1 mutant lacking gM is significantly more debil-
itated than are gM-negative HSV-1 mutants (7, 17). Given the
fact that herpesviruses must replicate in a number of different
cell types for survival in nature and that, at least in the EHV-1
system, gM serves to facilitate both entry into target cells and
cell-to-cell spread, it will be of interest to determine if gM
contributes to viral spread within tissues of infected animals.
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FIG. 5. Penetration of RacL11 (rectangles) and L11DgM produced on non-
complementing cells (circles) or complementing TCgM cells (triangles) into
different cell lines. The rate of penetration on Edmin337 (closed symbols) or
TCgM (open symbols) cells was determined as the percentage of plaques pro-
duced at the given time points after citrate treatment in relation to untreated
cells. The values represent means of results of two experiments. The standard
deviations ranged between 3.1 and 6.3%.

TABLE 2. Comparison of RacL11 and L11DgM virus titers produced and titrated on different cell lines

Cell line
for titration Expt

Titer of virus prepared on cell linea:

TCgM Rk13 Edmin337

L11DgM RacL11 L11DgM RacL11 L11DgM RacL11

TCgM 1 4.2 3 105 8.6 3 105 9.5 3 103 4.7 3 105 5.9 3 104 1.0 3 106

2 5.8 3 105 5.3 3 105 1.6 3 104 5.3 3 105 4.3 3 104 7.3 3 105

Rk13 1 7.2 3 104 1.1 3 106 5.1 3 103 3.9 3 105 7.4 3 103 6.9 3 105

2 2.3 3 104 5.7 3 105 2.2 3 103 4.3 3 105 1.4 3 104 9.1 3 105

Edmin337 1 1.1 3 105 3.1 3 106 1.0 3 104 9.6 3 105 1.8 3 104 4.1 3 106

2 7.6 3 104 1.0 3 106 9.3 3 103 1.2 3 106 8.3 3 103 1.3 3 106

a Cell line on which the RacL11 and L11DgM virus preparations were produced. The results of two independent experiments each are given. In the case of L11DgM,
plaques were counted after staining with Bluogal.
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