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FIG. 3. Fluorograms of fractionated and immunoprecipitated gcl. The viral glycoprotein complexes were prepared and fractionated by
rate-zonal centrifugation as described for Fig. 2 and subjected to immunoprecipitation with monoclonal antibody 41C2. (A) Sedimentation
profile of fractionated and immunoprecipitated gcl. (B) Fractions 4 through 6 were immunoprecipitated and subjected to electrophoresis in
an SDS-7% polyacrylamide gel under nonreducing conditions. (C) Fractions 5 through 7 were immunoprecipitated and subjected to
electrophoresis in an SDS-9% polyacrylamide gel under reducing conditions. The molecular weights of the complexes, the glycoproteins (gp),

and the protein molecular weight standards (lane St) are designated.

below) suggested that a third glycoprotein complex exists in
HCMYV envelopes which was not recognized by monoclonal
antibodies specific for the coimmunoprecipitating gp55 and
gp93-130 or gp47-52. Therefore, the gradient-fractionated
glycoproteins and complexes were immunoprecipitated with
monoclonal antibody 1G6, which is specific for an 86-kDa
glycoprotein detected in HCMV-infected cells (21). Figure
SA demonstrates the sedimentation profile of fractionated
glycoproteins and complexes after immunoprecipitation with
1G6. A peak of radioactivity was observed in fraction 7.
When the immunoprecipitates were analyzed by electropho-
resis in a 7% gel under nonreducing conditions, a discrete
species of 240 kDa was observed (Fig. 5B, fractions 7 and 8).
In addition, small amounts of gp86 were present. Under
reducing conditions, two glycoproteins designated gp145 and

gp86 were observed at approximately equal levels (Fig. 5C,
fractions 7 and 8). When the 240-kDa species was excised
from nonreducing SDS-polyacrylamide gels and then exam-
ined by reducing SDS-PAGE, both gpl45 and gp86 were
present (data not shown). Thus, the 240-kDa complex ob-
served under nonreducing conditions appears to be a disul-
fide-linked heterodimer containing both gp145 and gp86. We
have designated this HCMYV glycoprotein complex as gclII.

Immunoprecipitation of the fractionated glycoproteins and
glycoprotein complexes with a polyclonal antiserum. The
results presented above demonstrated the existence of three
immunologically distinct families of glycoprotein complexes
in the envelopes of HCMYV. To test for additional complexes
or uncomplexed glycoproteins, the gradient-fractionated gly-
coproteins and complexes were immunoprecipitated with a

FIG. 4. Fluorogram of fractionated and immunoprecipitated gcll. The viral glycoprotein complexes were prepared and fractionated as
described for Fig. 2 and subjected to immunoprecipitation with anti-gp47-52 monoclonal antibody (9E10). (A) Sedimentation profile of
fractionated and immunoprecipitated gcll. (B) Fractions 7 through 9 were immunoprecipitated and then subjected to electrophoresis in an
SDS-7% polyacrylamide gel under nonreducing conditions. (C) Fractions 7 through 9 were immunoprecipitated and subjected to
electrophoresis in an SDS—7% polyacrylamide gel under reducing conditions. The molecular weights of the complexes and glycoproteins (gp),
as well as the protein molecular weight standards (lane St), are designated.
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FIG. 5. Fluorogram of fractionated and immunoprecipitated gclIl. The glycoprotein complexes were prepared and fractionated as
described for Fig. 2 and subjected to immunoprecipitation with anti-gp86 monoclonal antibody (1G6). (A) Sedimentation profile of fractionated
and immunoprecipitated gcIIl. (B) Fractions 6 through 9 were immunoprecipitated and subjected to electrophoresis in an SDS-7%
polyacrylamide gel under nonreducing conditions. (C) Fractions 7 through 9 were immunoprecipitated and subjected to electrophoresis in an
SDS-9% polyacrylamide gel under reducing conditions. The molecular weights of the complexes and glycoproteins (gp), as well as the protein

molecular weight standards (lanes St), are designated.

polyclonal antiserum (R-7) prepared against detergent-ex-
tracted virion envelope glycoproteins. This polyclonal anti-
serum was previously shown to neutralize viral infectivity
and to react with virus-specified antigens in the membranes
of infected cells and virions and densé bodies (23, 26).
Figure 6A is a profile of the gradient-fractionated glyco-
proteins and glycoprotein complexes after immunoprecipita-
tion with R-7. The immunoprecipitates were analyzed by
SDS-PAGE under nonreducing conditions in a 7% gel (Fig.
6B) and under reducing conditions in an 8% gel (Fig. 6C).
R-7 reacted strongly with the gcl family of 250 to 300, 190,
and 160 kDa (Fig. 6B, fraction 5), as well as the gclll
240-kDa species (Fig. 6B, fractions 7 and 8). In addition,
uncomplexed glycoproteins of 145 and 86 kDa were ob-
served under nonreducing conditions (Fig. 6B, fraction 8).
As above, under reducing conditions the major components

of the gcl family were gp93-130 and gpSS (Fig. 6C, fraction
5), whereas the components of gcIIl were gp145 and gp86
(Fig. 6C, fractions 7 and 8). Prolonged exposure of the
autoradiograms in Fig. 6B and C indicated that polyclonal
antiserum R-7 reacted weakly with the fractionated gcll
family (data not shown).

DISCUSSION

Our results show that three immunologically distinct fam-
ilies of disulfide-linked glycoprotein complexes can be ex-
tracted from the envelopes of HCMV virions and dense
bodies and fractionated in sucrose density gradients. We
have designated these families gcl, gcll, and gclll on the
basis of their immunoprecipitations with monoclonal anti-
bodies 41C2, 9E10, and 1G6, respectively. The gcl family,
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FIG. 6. Fluorogram of fractionated glycoproteins and complexes after immunoprecipitation with a polyclonal antiserum prepared against
virion and dense-body envelope glycoproteins. The glycoprotein complexes were prepared and fractionated in sucrose density gradients as
described for Fig. 2 and immunoprecipitated with a rabbit polyclonal antiserum (R-7). (A) Sedimentation profile of the fractionated
glycoproteins and complexes after immunoprecipitation with R-7. (B) Fractions S through 8 and 10 were immunoprecipitated with R-7 and
subjected to electrophoresis in an SDS-7% polyacrylamide gel under nonreducing conditions. (C) Fractions 5 through 9 were immunopre-
cipitated with R-7 and subjected to electrophoresis in an SDS-9% polyacrylamide gel under reducing conditions. The molecular weights of

25.7 18.4

glycoproteins (gp) and complexes, as well as the protein molecular weight standards (lanes St), are designated.
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which appears to have at least one component (gp55) related
to HSV gB (4, 13), has been observed by other investigators
1, 5, 7, 10, 12, 20). We observed three complexes with
molecular mass estimates of 250 to 300, 190, and 160 kDa,
similar to those described by Farrar and Greenaway (5).
These three complexes comigrated at a relatively high rate in
sucrose density gradients in the presence of detergents.
Other virion complexes with similar or greater apparent
molecular masses as estimated by SDS-PAGE (e.g., gcll)
migrated at lower rates under identical centrifugation condi-
tions. This suggests that the three complexes which make up
the gcl family remain tightly associated after solubilization
of virion envelopes.

The gcll family was initially described by Kari et al. (10),
who used high-performance liquid chromatography along
with immunoprecipitation to isolate complexes of 93 and 450
kDa from virion envelopes. In our present study, under
nonreducing conditions as many as six different species were
observed, ranging from 93 to >300 kDa. Under reducing
conditions, the major species was gp47-52. Additional spe-
cies of greater apparent molecular mass were occasionally
observed under reducing conditions. Biochemical and immu-
nological analysis of these higher-molecular-weight species
has demonstrated that they are related to gp47-52 (data not
shown). We propose that they represent incompletely re-
duced complexes, since these complexes isolated from the
infected cell contain only gp47-52 (data not shown). We
have recently cloned the viral gene encoding gp47-52. The
gene product that was expressed in vitro was specifically
immunoprecipitated by monoclonal antibody 9E10, as well
as by human convalescent-phase serum (D. R. Gretch, B.
Kari, R. Gehrz, and M. F. Stinski, submitted for publica-
tion). Thus, gp47-52 represents a bona fide viral gene
product, and the gcll complexes contain various combina-
tions of gp47-52.

The 240-kDa gclll has not been previously described.
Rasmussen et al. immunoprecipitated an 86-kDa glycopro-
tein from HCMV-infected cells by using monoclonal anti-
body 1G6 (19, 21), but the complex was not observed, since
it is present in the infected cells in small amounts (D. R.
Gretch and M. F. Stinski, unpublished data). In our current
study, gclll was immunoprecipitated with 1G6, polyclonal
antiserum R-7, and human convalescent antiserum (not
shown). This 240-kDa complex appeared to be a heterodimer
of two glycoproteins designated gp145 and gp86. Alterna-
tively, the gpl45 and gp86 may exist within two separate
240-kDa complexes which were both immunoprecipitated by
1G6. Uncomplexed glycoproteins of 145 and 86 kDa were
recognized by R-7, and small amounts of uncomplexed gp86
were recognized by 1G6. The relationships between the 145-
and 86-kDa glycoproteins are not known at present.

We have recently examined the glycoprotein complexes as
they exist within the HCMV-infected cell (Gretch et al.,
unpublished data). Precursor complexes of the gcl and gcll
families were present at high levels. In contrast, gcIIl was
detected at very low levels in infected cells, although un-
complexed glycoproteins of 145 and 86 kDa were present
(data not shown). Thus, formation of gcIII may occur late in
virogenesis.

The three glycoprotein complexes described above are
almost certainly important targets of the human immune
response to HCMV infection. Monoclonal antibodies which
recognize the gcll and gclll families are capable of neutral-
izing the infectivity of HCMYV in the absence of complement
(10, 21). Antibodies specific for the gcl family require
complement for neutralization (1, 4, 10, 20). The functional
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roles of these glycoprotein complexes are uncertain at
present. The gcl family contains the gpSS gene product,
which has predicted amino acid sequence homology with
herpes simplex virus gB, Epstein-Barr virus gB, varicella-
zoster virus gpll, and pseudorabies virus gpll (4). This
suggests that the gcl family may play a role in the fusion of
viral and cellular membranes. Speculation of the roles of the
gcll and gclll is premature without further experimentation.
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