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INFLUENCE OF GLYCOPROTEINS B, C AND D ON THE CONVERSION
OF VIRUS-TO-CELL ATTACHMENT FROM HEPARIN SENSITIVITY
TO RESISTANCE
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Summary. — Glycoprotein C-negative (gC) mutants of herpes simplex virus type 1 (HSV-1) derived from
strains KOS and ANGpath were used to analyse the influence of soluble heparin on the phase of adsorption/
attachment of HSV-1 to cells. A dose of 200 pg/ml heparin given 20 mins after infection of cells with the gC-
positive (gC") strains KOS and ANGpath at 4°C reduced the adsorption of infective particles to 20 — 30% of
the controls. A weaker heparin effect was observed with gC mutants. However, also the gC mutants exhibited
a short heparin-sensitive phase. Mutations in amino acids of gB or gD at positions 854 or 25 and 27, respec-
tively, did not alter the attachment capacities of these HSV mutants in the presence of heparin despite their
peculiar fusion properties and resistance to soluble gD. We conclude that HSV-1 strains exhibit a heparin-
resistant phase of attachment, which is determined by gC. Lack of gC delays the heparin-resistant attachment
phase of HSV-1 to cells.
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Introduction 1990; Herold et al., 1991; Svennerholmer al., 1991), more-

over, also gB and gD are involved in the attachment (Herold

Glycosaminoglycans, especially heparin (heparan sul-  ef al., 1994). Strains of HSV treated with monoclonal anti-
phate), represent the cellular receptor for HSV (WuDunn  bodies (MoAbs) against gC are able to infect cells, howev-
and Spear, 1989; Lycke et al., 1991). Treatment of cells with  er, ata strongly reduced rate only (Svennerholmet al., 1991).
heparinase causes inhibition of their capacity to adsorb vi-  Herold ez al (1995) found by means of various derivatives
rus (WuDun and Spear, 1989; Walev et al,, 1991). gCisthe  of heparin that gC and gB interact with different parts of
most important heparin-binding structure (Langeland et al, ~ heparin. The existence of a second, non-heparin-like cellu-
lar receptor which probably binds through gD has been

reported (Lee and Fuller, 1993; Johnsoner «l., 1990; Johnson

and Ligas, 1988). Brunnetti et al. (1994, 1995) raised evi-

‘Corresponding author. dence for binding of gD to mannose phosphate-receptors.
Abbreviations: aa = amino acid; BHK = baby hamster kidney;  Ten percent of adsorbing HSV could not be inhibited with
heparin, but could be with chondroitin sulphate, and solu-
ble gh-1 reduced the HSV infection rate in a significant
manner (Banfield et al., 1995). Zsak et al. (1991) and Karger
and Mettenleitner (1993) for pseudorabies virus (PsRV),
and McClain and Fuller (1994) for HSV provided evidence
for two distinct phases of adsorption of these viruses. In the

SDS = sodium dodecy! sulphate
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unique Xbal restriction site of pGC18-7, located in the gC
structural gene. The resulting vector was called pCXL9.
Transcription directions of the gC gene and lacZ expres-
sion cassette were identical (Fig. 1).

Recombination of HSV-1 strain KCL (gC*). Viral DNA
from HSV-1 strain KOS 321 was prepared by infecting con-
fluent monolayers of Vero cells at a MOI of 1-3. Cells were
incubated at 37°C in 5% CO, for 24 hrs. Cells from
a 60 mm-plate were harvested with trypsin/ ethylenedi-
amine tetraacetate (EDTA) solution, washed twice with PBS
and carefully lysed in 50 ul lysis buffer (0.5% sodium dode-
cyl sulphate (SDS), 10 mmol/l Tris-HCI pH 8.0, 100 mmol/1
NaCl, I mmol/I EDTA). The resulting lysate was incubated
with 0.1 mg/ml proteinase K at 50°C for 12 hrs and dialy-
sed twice against TE buffer (10 mmol/l Tris-HCI pH 8.0,
I mmol/t EDTA). Cotransfection experiments were carried
out using the standard calcium phosphate method with 9 g
of viral DNA and 3 pg of uncut vector pCXL9 and Vero
cells as target. After plaque formation, supernatants were
taken and aliquots were plated on Vero cells and incubated
until plaque formation. Cells were fixed with 0.05% glut-
araldehyde and stained with X-Gal (300 pg/ml X-Gal (Sig-
ma), 20 mmol/l K Je(CN), 20 mmol/l K, JFe(CNY), 2 mmoV/

MgCl, in PBS). lacZ* virus was plaque punh(,d and tested
for the lacZ'/gC- phenotype.

Analysis of conversion of heparin-sensitive to heparin-
resistant attachment. 2 x 10° Vero or BHK cells were seed-
ed into 24-well plates (Nunclon) angd kept overnight at 37°C
in 5% CO,. For analysis, the cells were incubated in ice-
water for 15 mins. The cells were then infected with
1000 PFU per well. In the following three minutes virus
particles were allowed to bind to cells. The wells were then
washed carefully twice with ice-cold Hanks’ solution.

After3, 5, 10, and 40 mins, they were washed again; the
“heparin”-wells twice with 200 pg/ml heparin (Thrombo-
phob-25,000, Nordmark Arzneimittel GmbH, Germany) in
Hanks’ solution and once only with Hanks’ solution to re-
move heparin. The “control”-wells were washed three times
with Hanks’ solution only. Then a medium containing 10%
human serum with anti-HSV antibodies of ELISA titer of
2400 was added in order to neutralize remaining adsorbed
IISV and the plates were incubated at 37°C in 5% CO, for

I-3 hrs. Plaques were counted 36 — 48 hrs after infection.
Each experiment was repeated at least 3 times.

Results

Differentiation of two phases of virus attachment to cells
and kinetics of the attachment

In order to assess the influence of heparin on the adsorp-
tion process, we performed first a dose-response experi-
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Fig. 2
Dose-response experiment with heparin washing after infection
with strain KOS
Virus was inoculated at zero time at 4°C, heparin washing was done
20 mins later, fresh medium was added and the incubation continued at
37°C for 2 hrs. Then the antibodies were added. Reading of the test was
done 24 ~ 36 hrs after infection.

ment to determine the optimal concentration of heparin for
this purpose. Fig. 2 shows that 200 pg/ml heparin in the
culture fluid reduced the 7cx'ccntage of adsorbed virus strain
KOS to about 20 — 30% of the control. This concentration
was used in all further oxpcrmwenls' As shown elsewhere,
adsorption rates at 4°C were identical for all strains tested
(Lingenet al., 1995). But, interestingly, there was 20 — 30%
of the exds‘orbing virus which could not be washed off after
20 mins of incubation with heparin at 4°C. The same re-
sults were obtained also with strains ANGpath and
KOS 854 Q.

We decided next to analyse the kinetics of the heparin-
sensitive/resistant phase conversion with strains KOS and
ANGpath. The heparin washing was done at different times
after infection. Fig. 3 clearly shows that the heparin wash-
ing reduced the attachment of both HSV strains.

Influence of gC on the heparin sensitivity of the virus-to-
cell attachment

gC is the most important glycoprotein of HSV which
deter mmc% the attachment process. We therefore construct-
ed a gC recombinant of strain KOS (KCI) and used the
/-\N(Jpa th gC mutant (gC18) to see whether the lack of gC
influences the heparin resistance of the adsorption. Fig. 4
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Fig. 3
fnfluence of heparin washing at different times on the attachment of strains KOS and ANGpath
After infection at 47C, the washing was done at different tmes without or with 200 pg/ml heparin and fresh medium was added Sty mins afrer

infection, the antibodies were added and the incubation was continued at 37°C. The 100% value was caleulated as the number of PFU obtained in the

untreated control,
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Influence of heparin washing at different thimes on the attachment of mutants KCL and ANGpath gCI18

demonstrates that there was apparently no influence of the
heparin washing at the indicated times on the rate of virus
adsorption. Thus, gC represents the most effective glyco-
protein reactive in the attachment process and responsible
for its heparin sensitivity.

Next, the wild type strain KOS and its gC recombinant

.y

(KCI) were used to test the influence of 200 ug/ml heparin

on the virus adsorption after different times of incubation
at 4°C,

Fig. 5 shows a strong influence of heparin on the ad-
sorption. In the case of strain KOS, but not gC recombinant
K.CI, heparin enabled a washing off of a considerable pro-
portion of the adsorbed mfective particles of HSV for up to
20 mins. The parental strain ANGpath and its gC mutant
ANGnpath gCI8 showed identical results.
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Fig. 5
Comparison of strain KOS and its gC mutant KCL, and strain ANGpath and its gC counterpart with regard to their sensitivity to heparin
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Fig. 6
Comparison of attachment rates of strains KOS and KCI at 37°C and 4°C
Heparin washing was done 5, 30, and 60 mins after infection at 4°C. The 100% value was that of KOS 321 for 60 mins at 37°C.

Comparison of the virus-to-cell attachment of strain KOS
and the gC recombinant KCl at 4°C and 37°C

After having shown the influence of gC of HSV on the
emergence of the heparin-resistant phase of the attachment,
we wanted to see whether gC determines the actual rate of
binding of HSV to cells, The temperatures 37°C and 4°C
were compared. Cells were infected with strain KOS or
mutant KCI at either temperature and washed with Hanks’
solution (without heparin) at different times thereafter, The
results obtained show (Fig. 6) that in the case of the gC

recombinant KCI the attachment phase was delayed; the
adsorption rates were higher at 37°C than at 4°C. Identical
results were obtained with the strain pair ANGpath and
ANGpath gC (gel8) (data not shown).

Influence of mutations in the amino- terminus of gD and
the carboxy-terminus of gB on the heparin sensitivity of vi-
rus-to-cell attachment

Next, we tested the influence of gD and gB of HSV on
the heparin sensitivity of the attachment by using HSV
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depends on gB. We therefore tested some well defined mu-
tants of HSV with mutations in gD and gB. These mutants
exerted special activities: FFWO, cell-type specificity of
FFWO and resistance to washing with soluble gD-contain-
ing medium (Lingen ef al, 1995). It could be shown that
neither the FFWO-inducing mutation in position 854 of the
carboxy-terminus of gB nor the mutations in positions 25
and 27 in the region of the amino-terminus of gD altered
the attachment phase or its heparin resistance. In conclu-
sion, gC of HSV-1 is the main determinant of control of
virus-to-cell attachment. Its effect seems to be very specif-
ic and selective as is the cooperative function of gB and gD
during this phase of the replication cycle.
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