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SUMMARY Varicella-zoster virus (VZV) infected cell cultures were harvested and
sonically disrupted when cytopathic effect was advanced. Infectious cell-free
virus in the sonicates, as well as that in the culture medium, was further concen-
trated by precipitation with 8%, (w/v) polyethylene glycol in the presence of high
salinity (0.5 M). The virus-enriched pellet was layered onto 15-459, linear met-
rizamide gradients and sedimented for 18 h at 70,000 g.  Of the three visible bands
(designated upper, middle and lower), the middle band at a buoyant denisty of
1.156-7 gfem?® was enriched for enveloped virions. Electron microscopic enumera-
tion of particles demonstrated a total of 10.04 log,, enveloped particles and 8.26 log,,
unenveloped particles from middle bands representing the yield from a 150 ecm?2 VZV-
infected monolayer. [Fractionation of radiolabeled virion preparations by SDS-
PAGE revealed 30 polypeptides between 30 and 200 kilodaltons (K) with a total
mol wt of 2,240,000. Prominent structural polypeptides included the major
capsid protein (155K) and three glycoproteins—62I, 98K and 118K. Certain
polypeptides better labeled by [**C] amino acids than by [333] methionine included
a higher mol wt polypeptide (174K) and 45K protein comigrating with actin. Im-
mune precipitation of a Nonidet-extracted virion fraction again demonstrated the
three major glycoproteins, as well as the 155K and 45K polypeptides. Comparison
of structural polypeptides with the 16 constituents of the VZV-specific immuno-
precipitation profile identified at least one polypeptide (145K) which was not rep-
resented in the virion and assumed, therefore, to be nonstructural.

INTRODUCTION

The purification of varicella-zoster virus (VZV) ated throughout the in vitro infectious cycle
has been an elusive goal because this human (Weller et al., 1958). Titration of culture me-
herpesvirus remains predominantly cell-associ- dium overlying VZV-infected monolayers has



demonstrated little infectivity even when cy-
tophathic effect is far advanced. Generally,
therefore, cell-free virus has been recovered by
freezing or sonic disruption of VZV-infected
cells and slow speed centrifugation to remove
gross debris; further concentration has been
achieved by precipitation with nonionic hydro-
philic polymers. Prior attempts at virus puri-
fication by sedimentation in several density-
gradient media have been hampered by loss of
infectivity and disenvelopment of individual
virions (Grose et al., 1979).

To circumvent those obstacles, we first de-
fined glycosylated and nonglycosylated infected
cell-specific polypeptides by radioimmune pre-
cipitation with high titer VZV xenoantisera
(Grose, 1980; Grose et al. 1981a; Grose and
Friedrichs, 1982). In order to segregate the
above immunogenic polypeptides into struc-
tural and nonstructural viral components, we
further characterized the molecular anatomy of
the VZ virion. First, a method was devised
for purification of the enveloped virion by sedi-
mentation in a nonionic density-gradient me-
dium. Second, the polypeptide composition
of the purified virion was resolved by electro-
phoresis in polyacrylamide gels under denatur-
ing conditions, and finally immunogenic struc-
tural proteins were tentatively identified by
comparison with VZV-specific immunoprecipi-
tation profiles.

METHODS

1. Cells and virus

Human melanoma cell monolayers (HMC; Mewo
strain, passages 28-45) (Grose et al., 1979) were
grown in Eagle’s minimum essential medium supple-
mented with 0.002 M glutamine, 1% mnonessential
amino acids, penicillin (100 U/ml), streptomycin
(100 pg/ml) and 89 fetal bovine serum (MEM-
FBS). The source of virus for all experiments was
the * VZV-32 ” strain, which was isolated from the
vesicular fluid of a child with chickenpox (Grose et
al.,1979) and serially propagated at 32 C no more than
20 times by passage of trypsin-dispersed infected
HMC cultures.
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2. Infection of cells and isotopic labeling

One day after subcultivation, nearly confluent
HMC monolayers were inoculated with VZV-in-
fected cells obtained from trypsinized monolayers
which exhibited advanced cytopathic effect (CPE).
Infected cells from one 75-cm? monolayer were
equally distributed among six 75-cm? monolayers.
CPE appeared within 24 h, at which time the culture
medium was replaced with either MEM deficient in
methionine but supplemented with [3*S] methionine
(10 pCi/ml) or regular medium containing 0.5 xCi/
ml of tritiated thymidine, 10 £Ci/ml of a tritiated
sugar (fucose or mannose), or 4 uCifml of [4C]
amino acid mixture. The cultures were harvested
at the end of the second day when syncytial CPE
covered nearly all of the monolayer.

3. Cell-free virus

Cell-free virus was released from VZV-infected
cells by sonic disruption as described in detail in
earlier publications (Brunell, 1967; Grose et al.,
1979). After sedimentation at 400 ¢ for 15 min
to remove gross cellular debris, the cell-free virus
sample was mixed with the culture medium which
had also been clarified by low speed centrifugation.
Sodium chloride and polyethylene glycol 6,000
(PEG; J. T. Baker Chemical Co., Pillipsburg, NJ)
were added to final concentrations of 0.5 M and 8%,
(w[v), respectively, and the solution was incubated
overnight at 4 C. Virus was recovered from the pel-
let after sedimentation for one h at 10,000 g at 4 C.

4.  Sedimentation in potassium tartrate-glycerol

Positive density-negative viscosity gradients were
prepared in a two-chambered gradient maker (Bu-
chler Instrument Co., Fort Lee, NJ) by mixing 8 ml
of 30%, (w/w) glycerol in TE buffer (0.002 M-EDTA
in 0.002 M Tris, pH 7.4) with 7 ml of 509% (w/w)
potassium tartrate (KT) in the same buffer. After
addition of one ml of cell-free virus, the gradient
was centrifuged at 25,000 rpm for 17h in a SW
27.1 (Beckman) rotor. A visible virus-enriched
band near the center of the gradient was removed,
dialyzed against Tris-buffered saline (pH 7.4) and
layered onto a linear metrizamide gradient (see
below).

5. Sedimentation in metrizamide

Metrizamide (Nyegaard, Oslo, Norway) is an
iodinated derivative of 2-deoxyglucose (2-[3-aceta-



mido-5-N-methylacetamido-2, 4, 6, tri-iodobenza-
mido]-2-deoxy-D-glucose) which has become wide-
ly used as a density gradient medium because of its
low osmotic and nonionic properties (Rickwood,
1978).  Analytical grade metrizamide (purchased
from Accurate Chemical and Scientific Corp., West-
bury, NY) was preferred over the centrifugation
grade because contaminants present in the latter
preparation occasionally interacted with proteins in
the virus preparations to form specious bands in the
density gradients. Metrizamide was prepared in
three different solutions: these included 0.001 A
sodium phosphate (pH 7.0) containing either 0.29%,
(w/v) bovine serum albumin (BSA, Reheis Fine
Chemicals, Scottsdale, AZ) or 0.019, (w/v) gelatin
(Difeo Laboratories, Detroit, MI) as a protein ad-
ditive; the third solution consisted of 0.019% (w/v)
gelatin and 0.001 M EDTA dissolved in 0.05 M
Tris (hydroxylmethyl) aminomethane (pH 7.4)-buf-
fered 0.15 M NaCl (TEN buffer) (Server, 1980).
The linear density gradients were poured in a stan-
dard two-chambered gradient-maker by mixing 8 ml
of a 159, (w/v) metrizamide solution with an equal
amount of a 45 % (w/v) solution.

LEach 16 ml gradient was overlaid with one ml virus
preparation (representing no more than the equiva-
lent of cell-free virus recovered from one 25-cm?®
infected monolayer) and centrifuged for 18 h at
23,000 rpm in an SW 27.1 (Beckman) rotor. All
sedimentations were carried out at 4 C. Individual
10-drop fractions were collected by puncture from
below and analyzed for acid-precipitable radio-
activity. Densities were calculated from the refrac-
tive indices of duplicate fractionated gradients:
standard curves comparing refractive index, concen-
tration and density of the three metrizamide solu-
tions were established from our own data and those
of Rickwood (1978; 1979).

6. Electrophoresis and fluorography

Polyacrylamide slab gels containing 0.19%, (v/v)
sodium dodecyl sulfate (SDS) were prepared from
acrylamide cross-linked with bisacrylamide at either
a37.5:1ora77:1 ratio. The higher ratio was used
to optimize conditions for fractionation of multiple
polypeptides (Peluso et al., 1977). Electrophoresis
of the solubilized samples was carried out by stan-
dard procedures in a Tris-glycine-SDS buffer sys-
tem (pH 8.1) at ambient temperature (Maizel, 1971;
Grose, 1980); protein standards, purchased from
BioRad Laboratories (Richmond, CA) and labeled

with carbon-14 by reductive alkylation (Rice and
Means, 1971), were added to one lane of each gel.
The slab gels were suffused with 2, 5-diphenyloxa-
zole dissolved in dimethylsulfoxide prior to drying
onto chromatography paper (Bonner and Laskey,
1974), and the dried gels were exposed to Kodak
XR-5 or XRP-5 film from 4 to 21 days.

7. Dmmunoprecipitation

High titer VZV antisera were produced in inbred
guinea pigs inoculated with VZV infected syngeneic
cells (Edmond et al., 1981; Grose, 1981). Viral an-
tigen was prepared from VZV-infected HMC cul-
tures solubilized in modified Schwyzer’s buffer con-
taining final concentrations of 1% (v/v) Nonidet
P40 and 1% (w/v) deoxycholate (Grose and Fried-
richs, 1982). Antisera were added to 100 szl ali-
quots of radioactive antigen and the mixtures were
incubated overnight at 4 C. On the following day
110 pl of pre-swollen protein A-sepharose CL-4B
beads (Pharmacia Fine Chemicals, Piscataway, NJ)
were added to cach reaction mixture. The im-
munoprecipitated samples were processed and an-
alyzed by SDS-PAGE as described (I essler, 1975;
Grose and Friedrichs, 1982).

8. Radioisotopes

L-[5, 6-%H] fucose (40-60 Ci/mmol) and [“C] for-
maldehyde (10 mCi/mmol) were obtained from New
England Nuclear Corp. (Boston, MA); [methyl-*H]
thymidine (40-60 Ci/mM) was purchased from
Schwarz | Mann Bioresearch (Orange, NJ). Am-
ersham (Arlington Heights, IL) supplied L-[**S]
methionine (>600 Ci/mmol), D-[2-3H] mannose
(10-20 Ci/mmol), and L-amino acids labeled with
carbon-14 (25 mCi/milligramatom of carbon la-
beled).

RESULTS

1. Purification of VZ wvirions by sedimentation
in metrizamide

Cell-free virus was recovered from sonically
disrupted VZV-infected cells, as well as from
culture medium overlying virus-infected mon-
olayers, by PEG precipitation as described
(Grose et al., 1979). The virus enriched pel-
let was disrupted by a 5-second sonic burst and
layered onto 15459 (w/v) linear density gra-
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dients. After isopycnic centrifugation, the
gradients were fractionated and analyzed for
radioactivity and optical density. Sedimenta-
tion profiles of [1*C] amino acid labeled cell-
free virus in each of three metrizamide density
gradient media are represented in Fig. 1. In
each instance three bands were visualized and
designated upper, middle and lower relative to
their location in the gradient; in the metri-
zamide [ phosphate [ gelatin gradient, the lower
two visible bands occupied adjacent fractions.
Similar sedimentation profiles were recorded
after centrifugation of cell-free virus isotopical-
ly labeled with either tritiated mannose or
thymidine (Fig. 2).

The PEG pellet and the three bands from a
metrizamide / phosphate /| BSA gradient were
examined by electron microscopy to document
morphology (Fig. 3) and enumerate viral par-
ticles (Table I). The pellet revealed a di-
versity of cellular organelles, cell debris and
herpesviruses. After separation in a metriza-
mide gradient, the upper band consisted mainly
of cellular membranes with relatively few viral
particles. Those viral particles that were found
were frequently closely associated with mem-
branes and occasionally possessed distorted
envelopes. The lower band included large
numbers of predominantly unenveloped viral
particles interspersed among cellular organel-
les, especially mitochondria. The middle
band, which was always the least prominent
visually,was enriched for enveloped viral par-
ticles in both absolute number (titer >10 logyo)
and in relative numbers compared with nu-
cleocapsids (10: 1 ratio). This band also con-

tained the smallest amount of contamination by
cellular elements.

The middle bands were collected and sub-
sequently sedimented in a second metrizamide
density gradient prepared in the same buffer
(Fig. 1). The isodense position of the middle
band was determined from the optical density
of the corresponding fractions. A value of
1.156 g/cm® was calculated for the virion-
enriched band in metrizamide dissolved in
0.001 M phosphate [ BSA, while the equivalent
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FIcure 1. Sedimentation profiles of cell-free virus
labeled with [¥C] amino acids in 15-45% linear
metrizamide gradients prepared in three different
buffers. The solutions included (A) 0.001 M
sodium phosphate (pH 7.0), 0.2% BSA; (B) 0.05
Tris (pH 7.4), 0.15 M NaCl, 0.001M EDTA,
0.01%, gelatin; and (C) 0.001 M phosphate (pH
7.0), 0.019% gelatin. 'The first sedimentation
profile (—e~) consisted of upper, middle and lower
bands. The virion-enriched middle band was sub-
jected to a second sedimentation (—e-) in metriza-
mide dissolved in the same buffer. Density as
calculated from the refractive index of alternate frac-
tions is represented by the continuous line.
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Figure 2. Sedimentation profiles in metrizamide.
Cell-free VZV isotopically labeled with either [3H]
mannose (A) or [*H] thymidine (B) was sedimented
in 15~459%, linear gradients of metrizamide dissolved
in 0.001 M phosphate (pH 7.0), 0.2% BSA. The
location of virion-enriched middle band is indicated
by an arrow (] ).

peak of radioactivity in the other two metriza-
mide-buffer systems had a buoyant density of
1.157 g/em®. The respective values for the
upper and lower bands from the first sedimen-
tation were 1.118 g/cm?® and 1,184 gfems,

In an earlier paper (Grose et al., 1979), we
reported that low titers of cell-free virus could
be recovered from the medium overlying VZV-
infected HMC cultures which displayed ad-
vanced cytopathic effect. When we concen-
trated virus from culture media by PEG preci-
pitation and subjected the pellet to metrizamide
density gradient sedimentation, three bands
corresponding in location and density to the
previously described upper, middle, and lower
bands were identified. Enumeration of virus
particles demonstrated a similar profile to that

observed in earlier experiments (Table II).
However, the absolute number of viral par-
ticles was approximately one log fewer (titer
~9logye) than that recovered from 150 cm?
VZV-infected monolayers and media together.
Therefore, the titer of virus from culture me-
dium alone represented roughly one-tenth of
the total yield.

To further verify the results of our centrifu-
gation procedures, we subjected cell-free virus
first to lyophilization in phosphate-buffered
saline prior to sedimentation in metrizamide.
We have previously shown that freeze drying
in suspension medium devoid of sugars or
protein effects disenvelopment of all virus par-
ticles (Grose et al., 1981b). As anticipated,
subsequent metrizamide gradients contained
only two major bands corresponding to the
isodense positions of the membranes and the
nucleocapsids. No band was detected in the
region of 1.156-7 gfcm3,

Metrizamide gradients also were assayed for
infectivity after fractionation into one ml ali-
quots. IEach fraction was adsorbed onto 2-
2.5cm? HMC monolayers. No cytopathic
effect appeared in monolayers inoculated with
fractions corresponding to the middle and
lower bands, although an occasional focus was
seen in the cells inoculated with the upper
(membrane) band. In a reconstitution ex-
periment, virus from a middle band was mixed
with uninfected cell membranes recovered in
an upped band; however, infectivity was not
restored.  Additional titrations of unsedi-
mented cell-free VZV in the presence of 59
10%, and 309, metrizamide demonstrated re-
ductions in titer of 89%,, 979, and 100%,, re-
spectively. 'Therefore, metrizamide alone ap-
peared to inhibit infectivity while preserving
the integrity of the virion.

2. Sedimentation in potassium tartrate and
glycerol

We demonstrated previously that infectious
virus could be recovered after sedimentation of
clarified VZV sonicate through density-viscosi-
ty gradients composed of potassium tartrate
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TaBLE 1. Sedimentation of viral particles pre-
sent in VZV-infected monolayers and media®

Location in Enumeiation of viral particles

metrizamide (xlogyy)
Density
gradient Enveloped Unenveloped — Total
Upper band 8.72 8.88 9.11
Middle band 10.04 8.26 10.11
Lower band 9.82 10.49 10.57

@ Cell-free virus from 150cm? VZV-infected
monolayers consisted of 10.92 and 10.51 log,,
enveloped and unenveloped particles, respec-
tively, after precipitation with 8%, PEG in 0.5 M
NaCl. The pellet was distributed among six
metrizamide density gradients. After sediment-
ation, the three major bands from each gradient
were removed and pooled prior to enumeration
by electron microscopy, as described in the
legend to Fig. 3.

TABLE 2. Sedimentation of vival particles pre-
sent in culture medium®

Location in Enumeration of viral particles

metrizamide (xlog,y)

Density

gradient Enveloped Unenveloped  Total
Upper band 7.77 8.23 8.36
Middle band 8.91 8.04 8.97
L.ower band 8.28 8.88 8.98

@ Cell-free virus in culture medium overlying 150
cm? VZV-infected monolayer was precipitated by
the addition of PEG and NaCl to final concentra-
tion of 8% and 0.5 M, respectively. The pellet
was fractionated by sedimentation in a metri-
zamide density gradient, and the viral particles
in the three major bands were counted as de-
scribed in the legend to Fig. 3.

(KT) and glycerol (Grose et al., 1979). As
part of the present study, we subjected the
band of infectivity from a KT-glycerol gradient
to sedimentation In metrizamide (Fig. 4).
Fractionation of the latter gradient demon-
strated an accumulation of radioactivity near
the top with trailing into the regions of higher
density. The metrizamide sedimentation pro-
file of radioactive cell-free virus from the same
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Freure 4. Effect of KT-glycerol on sedimenta-
tion profile in metrizamide. A band of infectious
cell-free virus was recovered from a combination
density-viscosity (KT-glycerol) gradient and sub-
jected to a second sedimentation in a 15-459 linear
metrizamide gradient.

experiment which had never been placed into
K'T-glycerol resembled that described in Fig.
1. Addition of KT-glycerol to sonically dis-
rupted VZV-infected cells, therefore, effected
aggregation between virus and cellular mem-
branes in the preparation and thereby inhi-
bited further purification of enveloped virions.

3. Structural polypeptides of virion and nu-
cleocapsid

After the second sedimentation in metriza-
mide, aliquots of the middle bands were col-
lected. The viral particles were sedimented by
ultracentrifugation, resuspended in sample buf-
fer and analyzed in polyacrylamide gels pre-
pared at a 77:1 ratio. Thirty polypeptides
were detected in the electrophoretic profile of
the twice-sedimented virion-enriched band and
were designated according to their apparent
molecular weights as determined by plotting
their migration relative to marker proteins
(Fig. 5). 'The most prominent of the higher
mol wt polypeptides labeled with [*S] me-
thionine had an estimated weight of 155 kilo-
daltons (K). A closely migrating band at
160K was observed in this gel, but not in gels
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detergents NP 40 and DOC were dissolved in
three different buffer solutions because of pre-
vious data about variable solubilization of actin
(Tilney, 1976). Analysis of the immunopreci-
pitates in three buffer systems were essentially
the same; all three electrophoretic profiles de-
monstrated the three major glycoproteins (621K,
98K and 118K), the major capsid protein
(155K) and a 45K polypeptide (Fig. 8).

5. Comparison of structural and immunopreci-
pitable polypeptides.

In an earlier report (Grose and Friedrichs,
1982), we described 16 polypeptides in the
immunoprecipitation profile of highly specific
caviid VZV antisera; these polypeptides ranged
in mol wt from 32 to »200K. In this study,
we subjected similarly prepared immunopreci-
pitates to electrophoresis along side of aliquots
of purified virions, in order to identify which
immunogenic polypeptides comigrated with
VZV-specific structural proteins (Fig, 9).
Counterparts of the most prominent com-
ponents in the immunoprecipitates—the non-
glycosylated 155K protein and the three major
glycoproteins (62K, 98K and 118K)-—were
easily identified among the more numerous
structural polypeptides. The glycoproteins,
however, were less conspicuous when frac-
tionated in polyacrylamide gels containing the
higher ratio (77: 1) of monomer to crosslinker.
Actin was easily distinguished in both the
virion fraction (as previously observed in Figs.
5-7) and the immunoprecipitates. Of the 10
immunogenic polypeptides >62K, only a 145K
constituent was not present in the virion profile
and presumed therefore to be nonstructural.
Because of numerous closely migrating struc-
tural polypeptides below 62,000 daltons, we
were unable to consistently distinguish other
putative VZV-specified nonstructural polypep-
tides by their differential electrophoretic mo-
bilities.

DISCUSSION

VZ virions have been successfully recovered

from virus infected cells and culture medium,
concentrated by precipitation with nonionic
polymers, and isolated from cellular organelles
and membranes by equilibrium sedimentation
in linear metrizamide density gradients. The
buoyant density of the enveloped virion in
metrizamide was 1.156-7 g/em?®; this value
corresponded closely with an estimate of
1.153 g/cm? for the isodense position of chan-
nel catfish herpesvirus in the same density-
gradient medium (Robin and Rodrique, 1978).
However, both of the above buoyant densities
differed sharply from a value of 1.12-1.14 g/cm?®
published in an earlier report describing the
purification of herpes simplex virus (Blomberg
et al.,, 1976). Since the band of infectivity in
the latter report was rather wide, it may have
represented an incomplete separation of en-
veloped virus from infected-cell membranes
which sediment at a lower density in metriza-
mide («<1.14 g/cm?®) (Rickwood, 1978). We
observed a distinct upper band (~1.12 gfcm?)
in our preliminary metrizamide centrifugations
which represented a mixture of virus and cel-
lular membranes; these membranes have been
preliminarily characterized and manifested sev-
eral of the proteins specific to the infected cell
(unpublished data). A band of higher density
(~1.18 g/cm?®) consisted of mainly naked par-
ticles; however, cell organelles, especially mi-
tochondria, sedimented to a very similar iso-
dense position (cf. Rickwood, 1978). Cosedi-
mentation of enveloped virions in the latter
band may also be a reflection of reversible
protein-metrizamide interactions (Rickwood et
al.,, 1974; Huttermann and Wendlberger-
Schieweg, 1976) which would increase the
density of the particles.

Although high numbers of intact enveloped
VZ virions were present in the middle band of
the metrizamide gradient, an unexpected dis-
crepancy was the low infectivity titers. This
result differs from that of Robin and Rodrique
(1978), who recovered infectious channel cat-
fish herpesvirions from metrizamide. How-
ever, a similar loss in infectivity was observed
when attempts were made to purify measles

Grosg, C. et al. Molecular anatomy of wvaricella virus 11



virus in metrizamide (electron micrographs
were not presented); the author speculated
that this effect was secondary to binding be-
tween metrizamide and the measles glycop-
rotein (Vanden Berghe, 1976). Other pos-
sible explanations include inhibition of virus-
specified glycoprotein synthesis secondary to
release of the sugar analog 2-deoxyglucose from
the parent compound metrizamide or, alterna-
tively, a direct inhibitory effect of metrizamide
on certain galactosyl transferases (Wattiaux et
al., 1978). When we sedimented VZV cell-
free virus in K'T-glycerol rather than metriza-
mide gradients, the enveloped virions adhered
tenactiously to contaminating cellular mem-
branes. Previously Bellini et al., (1979) had
observed that measles virions aggregated with
cellular material when applied directly to K'T
gradients. De Villiers (1979) working with a
strongly cell associated bovid herpesvirus (H.
ovis) also cited his lack of success with either
KT or KT-glycerol density gradient media.
(Metrizamide was not examined.) Instead, De
Villiers added heparin (>150 units/ml) to all
buffer solutions to inhibit re-aggregation of H.
ovis to cellular membranes during ultracen-
trifugation in sucrose. We found, however,
that an equal concentration of heparin de-
stroyed all VZV infectivity (unpublished data).

In contrast with our experience, Shemer et
al. (1980) were able to purify VZV by succes-
sive sedimentations in glycerol and KT-gly-
cerol gradients. When they characterized the
molecular composition of the virion, they found
a total of 33 polypeptides ranging in mol wt
from 16 to 244K after analysis of [%S] me-
thionine labeled VZV preparations in either
11 or 20%, acrylamide gels. Five of the poly-
peptides incorporated [*C] glucosamine; the
three most easily visualized in their autoradio-
grams corresponded in mol wt to those de-
scribed both in this paper and by Grose (1980)
in VZV-infected cultured cells. Recently
Shiraki et al. (1982) purified VZ virions by rate
zonal centrifugation in sucrose followed by
sedimentation to equilibrium in CsCl. They
enumerated 32 [#3S] methionine labeled struc-
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tural polypeptides which ranged in mol wt from
21.5 to 280K, among which were six species
which also incorporated [“C] glucosamine.
The major capsid polypeptide was designated
145K and the six glycoproteins were assigned
molecular weights of 115K, 80-100K, 64K,
59K, 55K and 45K (Shiraki et al., 1982;
Shiraki and Takahashi, 1982).

Upon comparison of the fluorograms in this
paper with those of Shemer et al. (1980) and
Shiraki et al. (1982), it is readily apparent that
the basic electrophoretic pattern is quite simi-
lar although there are some minor variations in
designations of molecular weights for the pro-
minent viral structural proteins and glyco-
proteins. Perhaps of most interest is the ma-
jor capsid polypeptide. Shemer et al. (1980)
designated this protein as 180K, which cor-
responded to the 174K polypeptide in our pro-
file. As previously mentioned, we found poly-
peptide 174K to be present mainly in the en-
veloped virion while noticeably diminished to
absent in the nucleocapsid. In our analyses
in this paper and in an earlier publication
(Grose et al., 1981a), the major capsid protein
was a somewhat faster migrating polypeptide
(155K), which corresponded to the 153K poly-
peptide in the classification by Shemer et al.
(1980). A value of 155,000 was also assigned
to this protein by Zweerink and Neff (1981)
who fractionated gradient-purified VZV nu-
cleocapsids in 109, acrylamide gels. Asano et
al. (1979, 1980) and Shiraki et al. (1982), in
their extensive analyses of both infected cell-
specific and virus-specific polypeptides, have
calculated the mol wt of the major capsid pro-
tein to be 145,000 daltons. A major capsid
polypeptide around 150K has been a common
feature of all herpes group viruses studied to
date (Killington et al., 1977).

The cumulative molecular weights of the 30
designated virion polypeptides totals 2,240,000,
an amount encodable by the VZV genome
whose size is estimated to be 80106 (Dumas
et al., 1980; Ecker and Hyman, 1981). The
total complement of viral gene products and
their sequence of formation has not yet been



elucidated because of the asynchronous con-
ditions of in vitro VZV infection following in-
oculation with infected cells. Studies with the
prototype herpes simplex virus by one-dimen-
sinal SDS-PAGE have demonstrated some 50
infected cell-specific proteins, which have been
temporally segregated inta a cascade beginning
with immediate early proteins as prerequisites
for the formation of early nonstructural (e.g.,
viral-induced enzymes) and late structural
polypeptides (Roizman et al., 1975), In this
paper we identify a 145K constituent of the
immunoprecipitation profile of high titer VZV
xenoantisera and also of all human post-zoster
sera tested to date (Grose, 1983) which is not
included among the virion polypeptides and
presumably represents a nonstructural protein.
On the basis of clectrophoretic mobility, this
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