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u\lit. IAIt\' \'aricella-zoster virus (VZ\') infected cell cultures were liarvested and
sonically disrupted \\, hen c}, topathic effect was advanced. Infectious cell-free

virus In the sonicates, as well as that in the culture mediunt, \\, as further conccn-
trot. d by pre. ipitati. n with 8% (wl, ) p. Iy, thyl. ne gly. .I in th. pre^. nor of 1.1gh
sailnit}, (0.5 A1). 'rhe \, irus-enrichcd pellet \\, as layered onto 15-45% linear met-
rizamidc gradients and sedimented for 18 h at 70,000 g. Of the thrcc visible bands
(designated upper, middle and 10\\, er), thc middle band at a buoyant denisty of
1,156-7 glcm3 was enriched for enveloped virions. Electron microscopic enumera-
tion of particles demonstrated a total of 10.0410g enveloped particles and 82610g
uricnvcloped particles from ITlIddle bands TCPresenting the yield from a 150 cm' VZV-
Infectcd monola}, er. Fraction ation of radiolabeled vinon preparations by SDS-
PAGE ".,, and 30 p, Iyp"ptid** b. tw, .n 30 and 200 kit, halt, us (K) with " t. toI
ino1 wt of 2,240,000. Prominent structural polypeptides included the nTajor
copyid prot*in (1551<) and th"." gly. .p". t"jus-62K, 981< and 118K. Cumin
p. Iyp"ptid. ^ batter Ich"lad by ["C] an^in, add^ than by I"'SI mathi, nine in. Iud*d
a higher nTol wt polypeptide (1741\) and 451< protCin coinigrating witll actin. In\-
in une precipitation of a Nonidet-extracted vinon fraction again demonstrated the
three major glycoproteins, as well as the 155K and 45K polypeptides. Comparison
of structural polypcj>tides with the 16 constituents of the \IZ\!-specific jinmuno-
precipitation I>To file Idcntificd at least one polypcptide (1451\) which was not TCP-
resented In thc virion and assumed, therefore, to be nonstructural.

INTRODUCTION

The purification of varicella-zoster virus (VZV)
has been an elusive goal because this human
herpesvirus remains predominantly cell-associ-

ated throughout the in vitro infectious cycle
(wellcr ct a1. , 1958). '1'1tration of culture me-
diunT overly ing \;ZV-infected monolayers has
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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 \IZV-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 purl-
fication by sedimentation in several density-
gradient media have been hampered by loss of
infectivity and disenvelopment of individual
vinons (Grose at a1. , 1979)

To circumvent those obstacles, we first de-
fined glycosylated and nonglycosylated infected
cell-specific polypeptides by radioimmune pre-
cipitation with high titer VZ\I xenoantisera
(CTose, 1980; Grose at a1.1981a; Grose and
Friedrichs, 1982). In order to segregate the
above jinmunogenic polypeptides into struc-
rural and nonstructural viral components, we
further characterized the molecular anatom}, of
the \IZ virion. First, a method was devised
for purification of the enveloped virion by sedi-
meritation in a nonionic density-gradient me-
dium. Second, the polypeptide composition
of the purified virion was resolved by electro-
phorcsis in polyacrylamide gels under denatur-
ing conditions, and finally jinmunogenic struc-
tural proteins were tentatively Identified by
comparison with \IZV-specific jinmunoprecipi-
tation profiles.

2. I'llectio, I of cells and ISOtopic label, }, g

One day after subcultivation, nearly confiuent
Hi\, IC monolayers were inoculated with VZV-in-
fected cells obtained from trypsinized monolayers
which exhibited rid\, anced cytopathic effect (CPE)
Infected cells from one 75-cm' monolayer were
equally distributed among six 75-cm' monolayers
CPE appeared \\, ithin 2+ h, at whiclT time the cultLire
medium \\, as replaccd \\, itIT either iVIEi\I deficient in
methionine but supplemented with 13'Sl methionine
(10 "Cilml) or regular medium containing 0.5 PCIj
inI of tnnated thymidine, 10 PCijml of a tritiated
sugar (fucose or mannose), or 4 PCijml of 114Cl
amino acid mixture. The cultures were harvested

at the end of the second day when syncytial CPE
covered nearly all of the monolayer.

NIBTHODS

3 . Cell{ree air!, s
Cell-free virus was released from VZV-infected

cells by sonic disruption as described in detail in
earlier publications (Brune11,1967; Grose at al. ,
1979). After sedimentation at 400g for 15 min
to remove gross cellular debris, the cell-free \, irus
sample \\, as mixed \\, ith the culture medium which
had also been clarified by low speed centrifugation
Sodium chloride and polyethylene glycol 6,000
(PEG; I. T. Baker Chemical Co. , Pillipsburg, Nj)
were added to final concentrations of 0.5 M and 8%

(wlv), 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

I . Cells and oil lis

Human melanoma cell monolayers (Hit, IC; Mewo
strain, passages 28-+5) (Grose at a1. , 1979) were
grown in Eagle's minimum essential medium supple-
merited with 0.002 AJI glutamine, I% nonessential

acids, penicillin (100 Ujml), streptomycin
(100 I, gjml) "rid 8% fetal bovine serum (MEM-
FBS). The source of virus for all experiments was
the " VZV-32 " strain, which \\, as isolated from the
vesicular fluid of a child \\, ith chicl<enpox (CTose at
a1. , 1979) and serialIy propagated at 32 C no more than
20 times by passage of trypsin-dispersed infected
HMC cultures.

amino

+. S, d, }, leii!all DJ, r',, potass, 1,111 tort, ate-g/yce, 'o1

POSiti\, e density-negative \, is cosity gradients were
prepared in a two-chambered gradient maker (Bu-
chler Instrument Co. , Fort Lee, Nj) by mixing 8 ntl
.f 30% (wjw) gly. er. Iin TE buffer (0,002 M-EDTA
in 0,002 M T, I*, pH 7.4) with 7 inI of 5096 (wjw)
potassium tartrate (KT) in the same buffer. After
addition of one in I of cell-free virus, the gradient
was centrifLiged at 25,000 rpm for 17 h in a SW
27.1 (Beckman) rotor. A \, isible \, irus-enriched
band near the center of the gradient \\, as removed,
dialyzed against Trig-buffered saline (pH 7.4) and
lay, ered onto a linear metrizamide gradient (see
below)
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5. Seat, ,, eiitotz'011 211 711etrism, !ide

I\letrizamide (Nyegaard, Oslo, Norway) is an
iodinated derivative of 2-deoxyglucose (2-t3-aceta-



inId0-5-N-methylacetamid0-2, +, 6, tri-iodobenza-
in idol-2-deoxy-D-glucose) \\. hiclT I, as become wide-
Iy Lised as a density gradient mediuitt because of its
low osmotic tind nonionic properties (Rick\^o0d,
1978). Altalytical grade metrizamidc (pLircltascd
from Accurate Chemical and Scientific Corp. , \\!CSt-
bury, NY) was preferred over the centrifugation
grade because contaminants present in the latter
preparation occasionally Interacted witlT proteins in
the \. irus prep"rations to form specious bands in the
density gradients. I\letrizamide \\, as prepared in
three different solutions: tlTcse included 0,001 M

sodium phosphate (pH 7.0) containing either 0.2%
(\\, I\,) bovine scrum albumin (BSA, Reheis Fine
Chemicals, Scottsdnle. AZ) or 0.01 96 (^,!v) gelatin
(Ditto Laboratories, Detroit. NII) as a protein ad-
ditive; the third SOILition consisted of 0,019, (wjv)
gelatin and 0001 IPI EDTA dissol\. ed in 0.05 M

Tris (hydroxylmetlTyl) aminometh"ne (pH 7.4)-buf-
Ie"ed 015 M N"Cl (TEN bum, ) (S""vet, 1980).
The linear density gradients \\, ere PDLired in a st"n-
dard t\\0-chambered gradient-runl<er by nTixing 8 inI
of a 151, (\\. Iv) I, Tetriznmidc solution witll alit equal
amount of a 4516 (\\Iv) solution

EUC1,16 inIgradient \\, as overlaid with one inI\. irus

preparation (representing no more tlt"11 the cqLiiva-
lent of cell-free \, it LIS recovercd from one 25-cm'

infected monolayer) and centrifLigetl for 18 h at
23,000 rpn. in an S\\127.1 (B. chin"n) "otor. All
SedimentationS \\'erC carried out at + C. individLial
10-drop fractions were collected by punctLire from
belo\\. and 11nnlyzcd for acid-precipitnble radio-

Densities \\. CTe calculated froni tlTc refrac-activitv

tive indices of dLiplicnte fraction ated gradients ;
standard curves comparing refractive index, concen-
tmtion and density of tite titree metrizamide SOILi-
ttons were established fronT our own data and those

of Ri. l**cood (1978 ; 1979)

witl\ carbon-14 by reductive alkylation (Rice and
A, leans, 1971), were added to one lane of each gel
The slab gels \\, ere suffused wit1} 2.5-diphenyloxa-
zole dissol\, cd in dimethylsulfoxide prior to drying
onto chromatograplTy paper (Bonncr and Laskey,
1974), and the dried gels \\ere exposed to 1<0dak
XR-5 or XRP-5 film from 4 to 21 days

7. 1/1/'11i, IIOPrec, 1511ati'o11

High titer VZ\! antiscrtt were produced in in bred
gullTea pigs Inoculated with VZV iiTfected syngeneic
cells (Edmond at a1. , 1981; CTose, 1981). Viral, In-
tigeit \\, as prepared from \;ZV-infected Hi\IC CUI-

tures solubilized in modified Sch\vyzer's buffer con-
taming final concentrations of I 96 (vlv) Nonidet
P+O and I 11 (wlv) deo\yclTo late (Grose and Fried-
richs, 1982). Antisera were added to 100 111 all-
quots of radioactive antigen and the mixtures \\. ere
incubated overnight at + C. On the following day
110 ,!I of pre-swollen protein A-sepharose CL-+B
bcads (PItarmacia Fine CITurnicals, Piscatawary, NJ)
were added to e"ch reaction nTixturc. Tl\e tm-

in unoprccipitntcd samples \\. etc processcd and an-
"Iyzcd by SDS-PAGE us d"s. ,ibed (K. **let, 1975 ;
Gruse jind I, \ledriclls, 1982)

6. Elecii OFhores, 's alld1110rogr"PIiy

Polyacr}'lainide slab gcls coataiiting 0.11, (vjv)
sodiunt doducyl sulfate (SDS) were prepared from
acrylamide cross-in, Ited witlt bisacrylamide at either
a 37.5 : I or a 77 : I ratio. TITc higlTer ratio was t'sed
to optimize conditions for fraction an on of IlTultiplu
polypeptides (Peluso ct a1. , 1977). Electrophoresis
of the solubilized samples \\. as carried out bv stan-
dard procedures in a Tris-glycine-SDS buffer sys-
tern (pH 8.1) at ambient temperaturc (\, Iaizc1,1971 ;
CTose, 1980) ; protein standards, purchased from
BioRad Laboratories (Richmond, CA) and labeled

8. Rndro!halopes

L-[5.6-'HI Iu. OS" (40-60 Cijmmol) and I'C] for-
maidellyde (10 nTCi!mmol) \\. CTe obtained from New
England Nuclear Corp. (Boston, MA) ; linethyl-aHl
thymidinc (40-60 CijmM) purchased from
Sch\\, arz I Mann Bioresearch (Orange, NJ). Am-
""sh"in (An ington }leights, IL) suppli. d L-t"'SI
methioniite (> 600 Cilmmol), D-[2-'H] mannose
(10-20 Cilmmol), and I, -amino acids labeled with
carbon-14 (25 nTCijmilligramatom of carbon 1:1-
beled)

RESULTS

I. Purification of ,Z o1', Jimis by sed!}lie, !Intr'ON
171 711etr!galliide

Ccll-free virus was recovered fronl sonically
disrupted \IZ\I-infected cells, as well as from
culture medium overlyIng virus-infected mon-
o1ayers, by PEG precipitation as described
(Grose at a1. , 1979). The virus enriched pel-
let was disrupted by a 5-second sonic burst and
layered onto 15-45 % (wjv) linear density gra-

was
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dients. After ISOpycnic centrifugation, the
gradients were fraction ated and analyzed for
radioactivity, and optical density. Sediment a-
tion profiles of 114Cl amino acid labeled cell-
free virus in eaclt of three metrizamide density
gradient media are represented in Fig. I. In
each instance three bands were visualized and

designated upper, nlIddle and lower relative to
their location in the gradient ; in the metri-
zamide I phosphate I gelatin gradient, the lower
two visible bands occupied adjacent fractions.
Similar sedimentation I>Tomes were recorded
after centrifugation of cell-free virus ISOtopical-
Iy labeled with either tritiated mannose or
thymidine (Fig. 2)

The PEG pellet and the three bands from a
metrizamide I phosphate I BSA gradient were
examined by electron microscopy to document
inorph. I, gy (Fig. 3) and onurnerat" vial pan
titre^ ('fobl. I). Th, paler re, .al, d ^ di-
vetsity of cellular organelles, cell debris and
herpesviruses. After separation in a metriza-
inIde gradient, the upper band consisted mainly
of cellular membranes with relatively few viral
particles. Those viral particles that were found
were frequently closely associated witlt mein-
branes and occasionally possessed distorted
envelopes. The lower band included large
numbers of predominantly unenveloped viral
particles interspersed among cellular organel-
Ies, especially n}itochondria. The middle
band, which was always the least prominent
visually, was enriched for enveloped \, iTal par-
ticles in both absolute number (titer 21010gio)
and in relative numbers compared with nu-
cleocapsids (10: I ratio). This band also con-
tained the smallest amount of contamination by
cellular elements.

The nlIddle bands were collected and sub-

sequently sedimented in a second metrizamide
density gradient prepared in the same buffei
(Fig. I). The ISOdensc position of the middle
band was determined from the optical density
of the corresponding fractions. A value of
1,156 glcm' was calculated for the vinon-
enriched band in metrizamide dissolved in

0001 A1 phosphate I BSA, while the equivalent
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FIGURE I. Sedimentation profiles of cell-free \, irus
labeled \\, itIT 114Cl amino acids in 15-4596 linear
metrizamide gradients prepared in three different
butlers. 'The solutions included (A) 0001 M
sodium phDsph"te (pH 7.0), 0.29, BSA; (B) 0.05
Tris (pH 7. +), 0.15 M NaC1, 0.001M EDTA,
0,011, galatin; "rid (C) 0,001 M phosphate (pH

The first sedimentation7.0), 0.01% gelatin
profile (-.-) consisted of upper, middle and lower
hands. The \. inon-enriched middle band was sub-

jected to a second sedimentation (-.-) in metriza-
in Ide dissol\, ed in the same buffer. Density as
calculated from the refractive index of alternate frac.

tions is represented by the continuous It ITe
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observed in earlier experiments (Table 11)
However, the absolute number of viral par-
ticles was approximately one log fewer (titer
~910gio) than that recovered from 150 cm2
VZ\I-infected monolayers and media together
Therefore, the titer of virus from culture ITTc-
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 piior to sedimentation in metrizamide

\\'e have previously shown that freeze drying
in suspension meditim devoid of sugars or
protein cffccts disenvclopment of all virus par-
ticles (Grose er a1. , 1981b). As anticipated,
subsequent metrizamide gradients contained
only two major bands corresponding to the
is odense positions of the membranes anti the
nticleocapsids. No band was detected in the
region of 1156-7 gjcma.

ATetrizamide gradients also were assayed foi
Infcctivity after fraction ation into one nTl ali-
quots. EaclT fraction was adsorbed onto 2-
2.5 cm' HMC monolayers. No cytopathic
effect appeared in nlon o1ayers inoculated with
fractions corresponding to the nilddle and
lower bands, although an occasional focus was
seen in the cells inoculatcd witlT the Lipper
(membrane) band. In a reconstitution ex-
perlment, virus from a middle band was mixed
with tininfected cell ritemhranes recovered in
an upped band ; howcvei. , infectivity was not
restored. Additional titrations of unscdi-

merited cell-free \IZ\I in the pi. esence of 5%
10% and 30% metrizaiTtide demonstrate <1 rc-
ductions in titer of 89%, 97V, and 100%, re-
spectivcly. Tilerefore, metrizamide alone ap-
peared to inhibit infectivity while pieserving
the integrity of the virion

FIGuitE 2. Sedimentation profiles in metrizamide.
Cell-free VZV is o10pically labelcd witlt either I'Hl
mannose (A) or 1'Hl tl, yinidine (B) was sedimented
in 15-45 % linear gradients of ritetrizamide dissolved
in 0.001 M phosphat" (pH 7.00.0.2% BSA. Th"
location of virion-enriched middle band is indicated

by an arrow ( I )

boilom

5 10

Fraction Number

15 20

peak of radioactivity in the other two metriza-
inide-buffer systems had a buoyant density of
1,157 glcm'. The respective values foi the
upper and lower bands from the first sediincn-
tati. n win. . 1118 gj. in" and 1,184 gl. in'.

In an co"her payer^ (G".^" at a1. , 1979), un
reported that low titers of cell-frce virus could
be recovered from the medium overly ing \IZV-
Infected TTL{C 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

25 30 35

2. Sedrme, linti'0" 111 potassi""I lait, wte and
gb, cei. o1

We demonstrated previously that infectious
virus could be recovered after sedimentation of

clarified VZ\I sonicate thi. ough density-viscosi-
ty gradients composed of potassium tartrate

GRosE, C. at al. Molec, Jim alloto, "y of fiance//a trills 5



A
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FIGURE 3. Electron microscopy. Quantitative electron microscopy was based on a thin section method which
involves the sedimentation of virus-containing specimens onto a Millipore filter (Miller et a1. , 1973). The
four panels represent specimens from the pellet after PEG precipitation of medium and sonicate (A), and
from the upper (B), middle (C), and lower (D) bands of a metrizamide density gradient after centrifugation
of the PEG-precipitated pellet ; a Millipore filter in cross section is visible near the bottom of each panel.
As described in greater detail in a recent publication (Weiss at a1. , 1981), the specimens on the filters were
post-fixed in chrome-osmium, dehydrated in graded ethanols, and embedded in EPOn. Filters with sedi-
merited virus were cut perpendicularly to the plane of the membrane, and pale gold sections were mounted
on 300 mesh copper grids. Sections were photographed at 3000 x and enlarged to 9,000 x , prior to
enumeration of viral particles with the aid of a dissecting microscope. Total numbers of viral particles
sedimented onto a filter were calculated according to previously described quantitation formulas (Miller at
a1. , 1973; Weiss at a1. , 1981). Magnification of the electron micrographs was determined using a carbon
grating replica. Scale : 0.5 Am
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TABLE I. Sedi, ,?errtntio" of wildljbdrtic/es pie-
se"t lit PZ, -141ected monolayers and INedrn"

Location In
metrizamide

Dells, ty
grod, ,, 11

Upper band
Middle band

Lower band

Enumeiation of \, irul particles
( x login)

E, ,"e/op, d 011,110e/oped Total

8.88

8.26

10.49

" Cell-free from 150 cm' VZV-infectedvirus

monolayers consisted of 10.92 and 10.51 log
enveloped and unenveloped particles, respec-
tively, artel precipitation with 8% PEG in 0.5 M
NaCl. The pellet was distribiitcd among six
metrizamide density gradients. After sediment-
at ion, the titree ntajor bands from caclt gradiei\t
were removed and pooled prior to enumeration
by electron microscopy, us dcscnbed lit the
legeiTd to Fig. 3

8.72

10.04

9.82

TABLi: 2. Sedimentation of tv'Juljbnrti'c/esjbre-
sent I'M culti, re 711edi'Mintt

9.11

10.11

10.57

~5
in

o

X

E
a
03

Location in
metriznmide

DellsJty
gradient

Upper band
Middle band

Lower band

4

^

or
o
I-

T

2

in

-I

Enumeration of viral particles
( x log, )

fir"eloped UJie, !"eloped Total

7.77 8.23

8.91 8.04

8.28 8.88

" Cell-free virus in culture medium overlying 150
cm' VZV-infected in o1tolayer was precipitated by
the addition of PEG and NilCl to final concentr"-

tion of 896 and 0.5 M, respectively. Tl\c pellet
was fractionated by sediment atioil in at metri-
zamide density gradient, and the viral particles
in the three major bands were counted as de-
scribed in the legend to Fig. 3.

Fraction Number

FIGURE 4. Effect of 1<T-glycerol on sediment a-
tion profile in metrizamide. A haltd of infectious

cell-free \, irus was recovered from a combination
dunsity-viscosity (KT-glycerol) gradient and sub-
Jccted to a second sedimentatioiT in a 15.15% linear
metriz"inide gradient

bottom
5

1.25

10

E
20 \

15

in

20

(KT) and gly. er. I (G, us. at a1. , 1979). A^
part of the present study, we subjected the
band of infectivity from a 1<T-glycerol gradient
to sedimentation in metrizamide (Fig. 4)
Fraction at ion 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

1.15 '5;

a,

>*

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

3. Styuctw, w/ polypejbtides of mill'off and n"-
c/eocapsi'd

After the second sedimentation in metriza-

inide, allquots of the InIddle bands were col-
Iected. The viral particles were sedimented by
ultracentrifugation, resuspcnded in sample buf-
for and analyzed in polyacrylamide gels pre-
pared at a 77 : I ratio. T'hilty 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). Th. n, .st prominent of th. higher
in, I wt p. Iyp, ptid"^ ich, lad with I"SI in"~
thionine had an estimated weight of 155 kilo-
daltons (K). A closely migrating band at
1601< was observed in this gel, but not in gels

25

1.10

C
co

.

836

8.97

8.98

30 35
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mixed at a lower ratio (fluorogram not shown).
A lower in o1 wt polypeptide which was always
identifiable in the vinons coinigrated with ra-
dioactive actin marker (45,000). The cumula-
tive ino1 wt of the 30 polypeptides between 30
and 200K was 2,240,000.

When vinons labeled with 114Cl amino acid
mixture were similarly purified and analyzed,

Virion

a structural polypeptide at 1741< which incor-
porated little 135Sl methionine was better vis-
ualized (Fig. 6, lane G). In addition, analysis
of vinon fractions labeled with tritiated sugars
exhibited three major glycoproteins which cor-
responded in mobility with polypeptides de-
^ig"and 62K, 98K and 1181< (Fig. 6, tone D),
Glycoproteins present in the nucleocapsid en-
riched fraction presumably represented con-

- 200
-^174
^Q~ 155

-126
-^I 18
-98

-^ 88
- 86
^- 80
-76
^- 71
-66
^-62

A

^ 55

^ 48

59

B C

45
^ 43

40
-^ 37

^32
30

^

D

FIGURE 5. Structural polypeptides of the vinon.
Cell-free virus labeled with [ass] methionine was
recovered from the medium and infected cells and

concentrated by PEG precipitation. After two sedi-
meritations in 15-4-500 linear metrizamide gradients,
the virion. enriched middle bands were collected and

solubilized. A sample containing ~40,000 cpm
was subjected to electrophoresis in a 10'0 acryla-
inidejMBA slab gel (77: I ratio). The molecular
weights of the structural polypeptides between 30
and 200K, as estimated by the method of Shapiro
at a1. (1967), are enumerated in the right margin

E F G

FIGURE 6. Electrophoretic analyses of vinon- and
nucleocapsid-enriched fractions. individual VZV.
infected cultures were isotopically labeled with [ass]
methionine or ["C] amino acid mixture. The CUI-
tures were harvested and cell-free virus was further

purified by two sedimentations through linear met-
rizamide gradients. The middle bands (vinon-
enriched) and lower bands (nucleocapsid-enriched)
were collected and analyzed by electrophoresis in a
6 12',, gradient acrylamide I MBA gel (37.5 : I
ratio). The seven lanes from left to right contain
the following samples: A, [ass] methionine labeled
nucleocapsids (45,400 cpm); B, [a's] methionine
icheled vinons (34,400 .pm) ; C, ['H] funo*" label"d
nucha. ."psids (23,400 .pm) ; D, ['H] fuco, . ladel. d
vinons (17,000 cpm) ; E, [ass] methionine labeled
nucleocapsids (46,300 cpm); F, 1''Cl amino acid
Ich"lad nu. hoc, usits (11,400 coin) ; and G, t"q
amino acid labeled vinons (14,500 cpm). The ino-
Iecular weights of seven prominent polypeptides are
designated in the margin on the far right side ; the
45K protein coinigrates with 11'Cl actin.
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tamination by enveloped virions as well as cel-
Iular elements (Fig. 6, lane C).

Th^ stru. runt palyp^ptid^^ of th^ r'sl
methionine and [14C] amino acid labeled vinon
fractions also were compared with those of
similarly labeled nucleocapsid enriched pre-
parations (lower bands in metrizamide), The
155K polypeptide was the single most distinc-
tire band in all ^^inplus (Fig. 6). Th, 174K
polypeptide was less prominent in both nu-
cleocapsid preparations regardless of radioiso-
tope. A second difference noted between the
two bands involved actin. Actin, which is
relatively deficient in methionine, incorporated
radioactive amino acids and was easily visu-
ajized in the vinon fraction (Fig. 7). How-

ever, in the nucleocapsid band the amount of
this cellular protein was considerably reduced.

4. Sol"61nz@tz'Qin of Dino"s.
Detergent solubilized extracts of vinon-en-

riched fractions were centrifuged to remove
particulate matter and subjected to jinmu-
noprecipitation with high titer VZV antiserum
in order to identify prominent soluble proteins
on or near the surface of the vinon. The two

ABC

A
^^^

FIGURE 7. Actin in vinon- and nucleocapsid-en.
riched fractions. Vinons labeled with [ass] methio.
nine and nucleocapsids labeled with ["C] amino
acids were collected from the middle and lower

bands, respectively, of two different 15,15', linear
metrizamide gradients. After solubilization, an aji-
quot from the vinon fraction (35,000 cpm) and a
second from the nucleocapsid fraction (25,000 cpm)
were added to lanes A and B, respectively, and sub.
jected to electrophoresis in an 8'0 acrylamide I
MBA gel (77: I ratio). Radioactive actin 1''Cl was
added to lane C as a marker protein

B C

-155

-118
- 98

FIGURE 8. Nonidet solubilization of

Three an quots (40 A1) of an t"SI methionine labeled
and gradient-purified vinon fraction were solubilized
by the addition of 1', NP40 and 1', Doc in
phosphate buffer (pH 6.5) or modified Schwyzer's
buffer (pH 9.0) with or with. ut 0.1 inM EDTA.
Insoluble materials was removed by sedimentation
at 100,000 g for 60 min in a Beckman airfuge. Each
of the three supernatants (containing 250,000 cpm
in 100 A1) was incubated with 25 111 of high titer
VZV antiserum; 10,000 cpm from each of the three
jinmunoprecipitates (A, phosphate buffer ; B,
Schwyzer's buffer; and C, Schwyzer's buffer with
EDTA) were subjected to SDS-PAGE in an 8',
acrylamide DATD gel.
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FIGURE 9. Structural and jinmunoprecipitable VZV-specific
polypeptides. Detergent-solubilize la'sl methionine and [aH]
fucose labeled VZV antigen stocks were prepared from infected
cell cultures, and jinmunoprecipitation was carried out with high
titer caviid VZV antiserum (5 A1) in the presence of Staphylococ-
cal protein A-antibody adsorbent. A1iquots of the initial [ass]
methionine labeled antigen sample (40,000 cpm) and the corre.
sponding jinmunoprecipitate (10,000 cpm), as well as the tSHI
fucose labeled jinmunoprecipitate (25,000 cpm), were added to
lanes A, C, and E, respectively, of a 1000 acrylamide I MBA gel
(77: I ratio). A l''sl methionine labeled vinon fraction collected
from the middle band of a linear metrizamide gradient (40,000
cpm) was added to lane D ; ["C] actin was added to lane B. An
jinmunoprecipitable polypeptide (lane C) with an estimated in o1
wt of 145K is designated by an arrow (-). In the column be-
byeen lanes D and E the most prominent virion and jinmunopre.
cipitable polypeptides are enumerated according to their previous-
Iy defined molecular weights.

-45
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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). Analyst^ of th. irumun. pre. I-
pitates in three buffer systems were essentially
the same; all three electrophoTetic profiles de-
monstrated the three ntajor glycoproteins (62K,
981< and 118K), the nTajor capsid protein
(155K) and " 45K p. Iyp*ptid. (Fig. 8).

5. Coll!pal'!'$011 of styuct"Iai a"d 1111"IIJ?lopi eci-
pi/able poly^ptides.

In an earlier^. eport (Grose and Friedrichs,
1982), \\, e described 16 polypeptides in the
jinmunoprccipitation pTome of highly specific
caviid \;Z\' antisera ; these polypcptides ranged
in ino1\\, t from 32 to >200K. In this study,
we SLibjected similarly prepared Immunoprcci-
pitates to electrophoresis along side of allquots
of purified \, in ons, in order to idcntify which
irumunogenic polypeptidcs coinigrated with
VZV-specific structural proteins (Fig. 9).
Counterparts of the nlOSt pronlIncnt coin-
ponents in the jinmunoprecipitates-the non-
glycosylated 155K protein and the three itlalor
gly. .p". twine (62K, 981< and 118K)-unre
easily identified among the n\ore numerous
structural polypeptides. The glycoproteins,
however, were ICss conspicuous when frac-
tionated in polyacrylamide gels containing the
higher ratio (77 : I) of monomer to crosslinker.
Actin was easily distinguished in both the
virion fraction (as previously observed In Figs.
5-7) and the jinmunoprecipitates. Of the 10
jinmunogenic polypeptidcs 262K, 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 \'Z\I-specified nunstructural polypep-
tides by their differential electrophoretic ino-
billties

from \, irus infected cells and culture medium,
concentrated by precipitation \\, ith 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 1156-7 gjcm3. this value
corresponded closely with an estimate of
1153 gjcm' for the ISOdense position of chan-
nel catfish herpesvirus in the same density-
g"adj. nt madi"in (R. bin and R. chiqu, , 1978).
However, botl\ of the above buoyant densities
differed sharply from a value of 1.12-1.14 glcm3
published in an earlier report describing the
purification of ITcrpes simplex virus (BIOmberg
et a1. , 1976). Since the band of infectivity in
the latter report was rather wide, it may, ha\, e
represented an incomplete separation of en-
velopcd virus fron\ infected-cell membranes
which sediment at a lower density, in metriza-
in Id, (<1.14 gl. in') (Richw, .d, 1978). \\,,
observed a distinct upper band (~1.12 gjcm3)
in our preliminary metrizamide centrifugations
which represented a mixture of \, irus and cel-
Iular membranes ; these membranes ITavc been
preliminarily characterized and manifested sev-
eral of the proteins specific to the infected cell
(unpubli^had hat'). A band of higher^ don^ity
(~1.18 glcm') consisted of nTainly naked par-
ticles ; however, cell organelles, especially nTi-
tochondria, sedimented to a very similar ISO-
christ padtion (. f. Richw. .d, 1978). C. *. di-
meritation of enveloped virions in the latter
band nTa\, also be a reflection of reversible

protein-metrizamide Interactions (Rickwood at
a1. , 1974 ; Huttermann and \\lendlbergcr-
Schieweg, 1976) which woulcl increase the
density of the particles

Although bigl\ ntimbers of intact enveloped
VZ vinons were present in the ntiddle band of
the nTetrizamide gradient, an unexpected dis-
CTepancy was the low Infectivity titers. This
result differs from that of Robin and Rodrique
(1978), who recovered infectious channel cat-
fish herpesvirions fron} metrizamide. How-
ever, a similar loss in infectivity was observed
when attempts were made to purify riteasles

DISCUSSION

\IZ vinons have been successfulIv recovered

,
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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-
rotsin (Vand. n Bergh. , 1976). Other pus-
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 (\\'attiaux at
a1. , 1978). when we sedimented VZ\I cell-
free virus in 1<T-glycerol rather than metriza-
inIde gradients, the enveloped vinons adhered
tenactiously to contaminating cellular mein-
bronco. Pre, i. usIy Balmi at a1. , (1979) had
obser\, ed tlTat nlGasles virions aggregated with
cellular material when applied directly to 1<T
gindi, nts. D, \;11n, rs (1979) working with ,
strongly cell associated bovid ITerpesvirus (H
o. 1s) also cited his lack of success with either
KT or 1<T-glycerol density gradient media
(Alletrizamide was not examined. ) Instead, De
Villi, rs add. d hey"tin (2150 unitsjml) to all
buffer solutions to Inhibit re-aggregation of H.
o. 1's to cellular membranes during ultracen-
trifugation in sucrose. \\'e found, however,
that an equal concentration of he pann de-
st". y"d all VZ\' informity (unp, bitsh. d dam).

In contrast with our experience, She mer at
a1. (1980) wer, chi, to puffy VZ\I by an. .,,_
sive sedimentations in glycerol and 1<T-gly-
cerol gradients. when they characterized the
molecular composition of the vinon, they found
a total of 33 polypeptides ranging in in o1 wt
from 16 to 2441< alter analyst^ of I"SI in. -
thionine labeled \7Z\I preparations in either
11 or 20y, acrylamide gels. Five of the poly-
peptides incorporated 11'Cl glucosamine; the
three most easily visualized in their autoradio-
grams corresponded in in o1 wt to those de-
co"mad b, th in thi^ payer and by G".^, (1980)
in \IZV-infected cultured cells. Recently
Shit, ki .t a1. (1982) putin, d \IZ itI, us by into
zonal centrifugation in sucrose followed by
sedimentation to equilibrium in CSCl. They
enumerated 32 lassl methionine labeled struc-

tural polypeptides which ranged in in o1\\, t from
21.5 to 280K, among which were six species
which also incorporated 1''Cl glucosamine.
The major capsid polypeptide was designated
145K and the six glycoproteins were assigned
molecular weights of 115K, 80-100K, 64K,
59K, 551< and 451< (Shiraki at a1. , 1982;
Shiraki and Takahashi, 1982).

Upon comparison of the fluorograms in this
payer with thus. of Shamer at a1. (1980) and
Shit^ki at a1. (1982), it I^ readily an parcht that
the basic electrophoretic pattern is quite SImi-
Iar althougl\ there are some minor variations in
designations of molecular weights for the pro-
minent viral structural proteins and glyco-
proteins. Perhaps of nlOSt interest is the nTa-
jor capsid polypeptirle. She met at a1. (1980)
designated this protein as 180K, which COT-
responded to the 1741< polypeptide in our pro-
file. As previously mentioned, we found poly-
peptide 1741< to be present mainly in the en-
veloped vinon while noticeably diminished to
absent in the nucleocapsid. In our analyses
in this paper and in an earlier publication
(Gro^. .t a1. , 1981, ), th, rimjor copyid promn
was a somewhat faster migrating polypeptide
(155K), whi. I*. .orre^p. rid, d to th. 153K p, Iy-
peptide in the classification by She mer at al
(1980). A relu. of 155,000 w^^ al^. amigned
to thi^ p". rein by Zw, wink and N. fT (1981)
who fraction ated gradient-purified VZ\; nu-
cleocapsids in 1070 acrylamide gels. Asano et
a1. (1979, 1980) and Shit, ki at a1. (1982), in
their extensive analyses of both infected cell-
specific and virus-specific polypeptides, have
calculated thc n\o1 wt of thc major capsid pro-
tein to be 145,000 daltons. A major capsid
polypeptide around 1501< has been a common
feature of all herpes group viruses studied to
hat' (Killingt. n at a1. , 1977).

The cumulative molecular weights of the 30
designated vinon polypeptides totals 2,240,000,
an amount encodable by the \7Z\I genome
whose size is estimated to be 80 x 106 (Dumas
at a1. , 1980; ECker and Hyman, 1981). The
total complement of viral gene products and
their sequence of formation has not yet been
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elucidated because of the asynchronous con-

ditions of in vitro \;Z\7 infection following in-
DCulation with infected cells. Studies with the

prototype ITerpcs simplex virus by one-dimen-
sinal SDS-PAGE ITave demonstrated some 50

infected cell-specific proteins, which nave been
temporalIy segregated into a cascade beginning
with Immediate early proteins as prerequisites
for the formation of early nonstructural (e. g. ,
viral-induced enzymes) and late structural
pal}, p, ptid. ^ (R. mman at a1. , 1975). In thi^
paper \\, e identify a 1451{ constituent of the
Immunoprecipitation profile of biglT titer \IZV
xenoantisera and also of all ITUman post-zoster
sera tested to date (CTose, 1983) which is not
included among the virion polypeptides and
presumably reprcsents a nonsti. uctural protein
On the basis of electrophoretic mobility this

protein is similar to HS\7 DNA polymer ase
which ITas a in o1 wt of approximately 150K and
is also highly jinmunogcnic (POWell and Pu-
rifoy, 1977). Thus, these delineations by
ourselves and others of the electrophorctic pro-
files representing structural and nonstructural
viralIy encoded polypeptides \\, ill facilitate fur-
ther characterization and categorization of In-
dividual \'ZV-specific polypeptides present in
wild and laboratory \IZ\I strains, as well as in
the live attenuated vaccine strain (Takahashi
et a1. , 1975)
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