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Approximately 677, of infectivity is associated with the nucleus 8 hr after pro-
ductive infection of HEp-2 cells with herpes simplex virus. Comparison of nuclear
and cytoplasmic infectious virus and macromolecular aggregates labeled with 3H-
thymidine or with 3H-choline revealed the following. (i) Cytoplasmic infectious virus
and macromolecular aggregates banded in CsCl at a density corresponding to en-
veloped nucleocapsids. The virus was relatively stable; there was only 509, loss of
infectivity and only 169, of the virions became disaggregated. (ii) Nuclear
macromolecular aggregates banded in CsCl solution at a density corresponding to
unenveloped nucleocapsids and, moreover, both the infectious virus and aggregates
were highly unstable. (iii) In sucrose density gradients, the nuclear macromolecular
aggregates and infectivity sedimented as a single band and migrated more slowly than
the corresponding cytoplasmic material. (iv) The infectivity of nuclear and cyto-
plasmic virus is readily inactivated by digestion with phospholipase C and with
pronase. We conclude the following. (i) Cytoplasmic virus consists of enveloped
nucleocapsids. (ii) Nuclear virus consists of nucleocapsids covered with lipid or
partially enveloped. (iii) The molecular integrity of viral lipids is essential for in-
fectivity. (iv) The envelope protects the nucleocapsid and accelerates adsorption to

cells; it is not, however, inherently essential for infectivity.

The studies in this series concern the nature
and characteristics of macromolecular aggregates
of viral deoxyribonucleic acid (DNA) and protein
made in productive and abortive infections of
mammalian cells with herpes simplex virus. This
communication deals with the properties of in-
fectious virus extracted from the cytoplasm and
nucleus of productively infected cells.

The circumstances which led to this study may
be summarized briefly as follows. In the course
of studies of the macromolecular aggregates of
viral DNA and protein (13, 14), we found that
CsCl was deleterious in that it causes disassembly
of the aggregates and loss of infectivity. We also
found that treatment with formaldehyde prior to
exposure to CsCl prevents disassembly. Upon
isopycnic centrifugation in CsCl solutions, form-
aldehyde-treated lysates of productively infected
cells yielded three bands of viral macromolecular
aggregates with buoyant densities of 1.285, 1.325,
and 1.37 to 1.45 g/cm?3; these bands correspond
to enveloped virions, naked nucleocapsids, and
nucleoid particles, respectively. With the aid of
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formaldehyde-stabilization technique, we found
that, in abortive infection of dog kidney cells
with herpes simplex virus, nucleoids and very
labile nucleocapsids are assembled, but the en-
velopment of the nucleocapsids does not take
place. Electron microscopic studies of thin sec-
tions and of negatively stained preparations were
in accord with the results from isopycnic centrif-
ugation and revealed the presence of only naked
nucleocapsids in the nuclei of abortively infected
cells; enveloped virions were absent from the
nuclei, cytoplasm, and extracellular fluid. These
findings raised the question of whether the ab-
sence of infectious progeny from dog kidney cells
was due to the absence of enveloped nucleocapsids
or to the defectiveness of the nonenveloped
nucleocapsids made in these cells. To answer this
question, it was of paramount importance to
determine whether the nucleocapsids made in
productively infected cells are infectious.
Previous studies on the biological activity of
viral particles made in productively infected cells
yielded results in general agreement with the



980

thesis that the enveloped virions were infectious
and that the infectivity of viral preparations was
proportional to the number of enveloped virions
(12, 14, 16, 17). The question that has thus far
evoked divergent views is whether the naked
nucleocapsids are infectious. The data published
to date may be summarized as follows. (i) Wat-
son, Wildy, and Russell (16) observed in the
course of a quantitative study of the growth cycle
of herpes virus in BHK-21 cells that the number
of infectious units exceeded the number of en-
veloped nucleocapsids. They concluded that both
naked and enveloped particles were infectious.
The validity of their conclusion hinges exclusively
on the magnitude of error inherent in particle
counting and plaque assay techniques which, for
lack of data, cannot be readily assessed. (ii)
Smith (12) noted that on centrifugation of herpes
simplex virus, infectivity was associated exclu-
sively with the band containing enveloped virus.
He concluded on that basis that the envelope was
essential for infectivity. Smith’s study makes the
implicit assumption that centrifugation in CsCl
solutions is not deleterious, or, at least, that CsCl
does not selectively degrade one form of the virus
in preference to the other. Both this and the
preceding papers (13, 14) in this series show this
assumption to be invalid: naked nucleocapsids
are in fact more labile in CsCl than enveloped
ones. It seems clear from the foregoing that, to
determine whether nucleocapsids are infectious,
the two types of particles have to be separated by
a procedure which minimizes the loss of biologi-
cal activity. Our attempt to resolve this question
was based on electron microscopic observations
(4, 5, 11; Schwartz and Roizman, in preparation)
that enveloped nucleocapsids are found in the
cytoplasm . and between the inner and outer
lamellae of. the nuclear membrane, whereas
naked nucleocapsids are segregated in the nu-
cleus. The purpose of this paper is to show that
infectious particles present in the nuclear extract
differ from those present in the cytoplasmic ex-
tract with respect to (i) stability in CsCl solutions
and (ii) rate sedimentation in sucrose.

MATERIALS AND METHODS

Solutions. The compositions of PBS-A-G (phos-
phate-buffergd saline supplemented with albumen and
glucose), of SCS (saline citrate solution), and of 199-
1%-v (mixture 199 with 19, calf serum and 0.39,-y
globulin) have been given previously (6—8, 13). Tris-
saline consisted of 0.5 M NaCl, 0.2 M tris(hydroxy-
methyl)aminomethane adjusted to pH 7.2 by addi-
tion of HCIl. Sucrose was prepared as stock solutions
of 5 and 559, (w/w) in distilled water. Enzyme reac-
tion mixtures were prepared as follows. (i) Phospho-
lipase C (PLC; Lipophosphodiesterase 1, Worthing-
ton Biochemicals Corp., Freehold, N.J.) contained:
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1.0 ml of cell lysate, 0.1 ml of 10X Tris saline, 0.1 ml
of 10% solution of bovine albumen, and 0.1 ml of
PLC solution (1.0 mg of PLC in 1.0 ml of 39, bovine
albumen). (ii) Pronase (protease, Calbiochem, Los
Angeles, Calif.) contained: 1.0 ml of cell lysate, 0.1
ml of 10X SCS, and 0.1 ml of pronase solution (1.0
mg in 1.0 ml of SCS).

Radiochemicals. 3H-thymidine-methyl (specific ac-
tivity, 15 c/mmole) was obtained from Schwarz
BioResearch, Orangeburg, N.Y. *H-choline-methyl-
chloride (specific activity, 72.7 mc/mmole) was ob-
tained from New England Nuclear Corp., Boston,
Mass. Cells were labeled in Eagle’s minimal essential
medium (1) containing 19, dialyzed calf serum.

Cells and virus. The pertinent properties of the
HEp-2 cell line and of the MPdk™ strain of herpes
simplex virus have been described elsewhere (6, 8, 9).
The virus was assayed in HEp-2 cells under a liquid
overlay and was scored in terms of plaque-forming
units (PFU) (6, 8).

Preparation of cell lysates. The procedure for the
preparation of infected whole cell lysates has been
described in detail previously (13). Briefly, monolayer
cultures of HEp-2 cells were exposed to virus for 2
hr at 37 C. The inoculum was then aspirated and re-
placed with minimal essential medium of Eagle con-
taining 1% dialyzed calf serum and the appropriate
radioisotope. After 20 hr of incubation at 34 C, the
cells were scraped, washed with PBS-A-G, and re-
suspended in distilled water. After swelling for 1 hr,
the cells were lysed by 20 strokes with a tight-fitting
Dounce homogenizer. Cell debris was removed by
centrifugation at 1,500 X g for 30 min. Lysates of
uninfected HEp-2 cells were prepared in the same
manner.

The nuclear and cytoplasmic extracts were pre-
pared from cells infected for 8 hr. To measure the
breakage and leakage of nuclei, the cells were pulse-
labeled with 3H-thymidine immediately before
Dounce homogenization. The extent of breakage and
leakage after homogenization was determined from
the relative amount of acid-insoluble 3H-thymidine
in the cytoplasmic extract. In preliminary experi-
ments, it had been noted that 4 strokes with the
Dounce homogenizer selected for this study disrupted
less than 29, of the nuclei of cells infected for 8 hr. At
10 hr after infection, the cell nuclei have become so
fragile that any mechanical procedure which disrupts
the cell membrane also disrupts the nuclear mem-
brane. The preparation of nuclear and cytoplasmic
virus was done as follows. Monolayer cultures were
exposed to virus for 2 hr at 37 C. The cells were incu-
bated for 6 additional hr at 34 C and then scraped,
washed with PBS-A-G, and resuspended in distilled
water. After swelling for 15 min at room temperature,
the cells were lysed by 4 strokes with a tight Dounce
homogenizer. The nuclei and cell debris were sedi-
mented at 1,500 X g for 15 min. The supernatant
fluid was designated as the ‘“‘cytoplasmic extract.”
The pellet was resuspended in distilled water and the
nuclei disrupted by 20 strokes of the Dounce homog-
enizer. Cell debris was removed by centrifugation at
1,500 X g for 15 min. The supernatant fraction was
designated as the ‘“nuclear extract.”
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Formaldehyde fixation. Stabilization with formalde-
hyde was carried out as described previously (13).
Prior to stabilization, nuclear and cytoplasmic ex-
tracts were mixed with whole-cell lysates from an equal
number of uninfected cells. This procedure was
necessary because the reaction with formladehyde is
dependent upon the ionic composition of the cell
fraction. Since the nuclei and cytoplasm are known to
differ with respect to ionic composition, the addition
of wholecell lysates tended to prevent preferential
interaction of formaldehyde with the constituents of
either fraction.

Isopycnic centrifugation of cell lysates in CsCl
solution. The procedures were the same as those
described previously (13). Briefly, centrifugations
were done in SW 39 rotors for 44 hr at 15 C and
100,000 X g. At the end of the centrifugation, 5-drop
fractions were collected from the bottom of the tube
and were assayed for specific gravity, radioactivity,
and infectivity.

Rate centrifugation in sucrose density gradients. In
practice, a 1-ml amount of cell lysate was mixed with
an equal volume of 5%, sucrose and layered on a 14-
ml preformed linear sucrose gradient of 5 to 559,
(w/w) sucrose. The gradients were centrifuged for 90
min at 24,500 X g in a SW 25.3 rotor. The 1.0-ml
fractions, collected from the top of the gradient at
the end of the centrifugation, were assayed for specific
gravity, radioactivity, and infectivity.

Determination of acid-precipitable thymidine-labeled
DNA and choline-labeled phospholipids. Samples of
each fraction were precipitated with cold 7.59, tri-
chloroacetic acid on HA Millipore filter discs (Milli-
pore Corp., Bedford, Mass.). The fractions containing
thymidine-labeled material were washed with 59,
trichloroacetic acid, 75% ethyl alcohol containing
29, potassium acetate, and 759, ethyl alcohol; the
discs containing choline-labeled material were washed
twice with 59, trichloroacetic acid, and twice with
cold distilled water. Discs were then oven-dried and
immersed in a toluene-based scintillation fluid.
Tritium disintegrations were counted in a Packard
liquid scintillation spectrometer.

RESULTS

Distribution of infectious virus in the cells ard
the stability of infectious virus in nuclear and
cytoplasmic fractions. Nuclear, cytoplasmic, and
whole-cell extracts were prepared from HEp-2
cells infected for 8 hr. A sample was saved for
infectivity assay (input sample). Each preparation
was divided in half, mixed with an appropriate
amount of CsCl to yield an initial density of
1.29 g/cm3, and centrifuged to equilibrium. To
determine the buoyant density of the infectious
material, fractions were collected from one set of
gradients and assayed for residual infectivity. To
determine the total recovery of infectious virions,
the mineral oil seal was removed from the other
set of gradients and the contents of each tube
were thoroughly mixed. The results of one repre-
sentative experiment, summarized in Table 1,
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TABLE 1. Recovery of infectivity from nuclear,
cytoplasmic, and whole-cell extracts after
isopycnic centrifugation in CsCl solutions

Input Recovered Per cent
Cell fraction R oerion reCorery
(a) () X 100
Nuclear......... 300 0.03 0.01
Cytoplasmic..... 104 49.0 47.0
Sample of whole
cell........... 10 1.4 15.0

show the following. (i) Prior to centrifugation,
the nuclear and cytoplasmic fractions contained
67 and 339, of the total infectious intracellular
virus, respectively. (ii) After centrifugation, re-
covery was 0.019, of the virus in the nuclear
fraction, approximately 509, of the virus in the
cytoplasmic fraction, and 15%, of the input virus
in the whole-cell lysate. (iii) Residual infectious
virus in all three extracts banded at the density
characteristic of enveloped virions, i.e., 1.285 g/
cm? (13, 14).

The data indicated the following. (i) Infectious
virus in the nuclear fraction differs from that in
the cytoplasmic fraction with respect to stability
in CsCl solutions. (ii) The virus recovered after
centrifugation in CsCl has a buoyant density
corresponding to that of enveloped virions (13,
14). (iii) After centrifugation, the recovery of
virus from the nuclear and cytoplasmic fractions
(0.01% of 67% and 509, of 339, respectively)
is in good agreement with the recovery of 159,
of input virus from whole-cell extracts.

Comparison of the disaggregation of nuclear and
cytoplasmic viral macromolecular aggregates on
centrifugation in CsCl solutions. The data in the
preceding section showed that the infectivity of
the nuclear fraction was more readily inactivated
in CsCl solution than that of the cytoplasmic
fraction. The question arises whether the viral
macromolecular aggregates in the nucleus are also
more readily disaggregated by CsCl than are
those accumulating in the cytoplasm. Previously,
we have shown that viral structures can be
stabilized by formaldehyde. To determine the
relative stability of viral particles in CsCl solu-
tion, nuclear and cytoplasmic extracts of 8-hr
infected HEp-2 cells, labeled from 2 to 8 hr after
infection with 3H-thymidine, were divided in half.
One portion was treated with formaldehyde.
Both portions were mixed with an appropriate
amount of CsCl to give a solution with an initial
density of 1.29 g/cm® and then centrifuged to
equilibrium. The recovery of acid-precipitable
3H-thymidine from the nuclear and cytoplasmic
fractions is shown in Table 2. The data showed
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TaBLE 2. Recovery of macromolecular aggregates containing SH-DNA from nuclear and cytoplasmic
extracts after isopycnic centrifugation in CsCl solutions

CPM recovered
in enveloped
nucleocapsid

band (1.27-1.29

g/cm?®)

Stabilization

Cell fraction with HCHO

CPM recovered
in naked
nucleocapsid
band (1.29-1.33
g/cm?)

Per cent
recovered in
band containing
enveloped
nucleocapsids

Per cent
recovered:
untreated/

HCHO treated

Total CPM
recovered

7,000
26,000
5,100
6,100

Nuclear. .. ...

Cytoplasmic. .

S

56,000 64,
193,000 21
300

300

200 12.9 29
9,000 13.5

5,400 94 84
6,400 95

the following. (i) After isopycnic centrifugation
in CsCl solutions, only 299, of nuclear macro-
molecular aggregates were recovered as com-
pared with the recovery of 849, of aggregates
accumulating in the cytoplasm. (ii) Nuclear
macromolecular aggregates containing SH-DNA
formed a broad band encompassing the density
range of naked and enveloped nucleocapsids,
ie., 1.28 to 1.33 g/cm3 (13, 14). (iii) Cytoplasmic
macromolecular aggregates containing SH-DNA
band at a density characteristic of enveloped
nucleocapsids, i.e., at 1.28 g/cm? (13, 14).
Hydrodynamic differentiation of nuclear and
cytoplasmic infectious virus in sucrose density
gradients. Nuclear and cytoplasmic extracts of
8-hr infected HEp-2 cells labeled from 2 to 8 hr
after infection with *H-thymidine were layered
on 5 to 559 preformed sucrose gradients and
centrifuged at 24,500 X g for 90 min. Fractions
were collected and assayed for radioactivity,
infectivity, and specific gravity of the sucrose.
The results (Fig. 1) show that infectious virus
present in the cytoplasmic extract sediments
several fractions further in the gradient than
nuclear infectious particles; the profiles of thymi-
dine label correspond roughly to the infectivity
profiles in each case. These findings were repro-
duced in several experiments and indicate that
the infectious particles present in the nucleus are
hydrodynamically smaller than those present in
the cytoplasm. The recovery after centrifugation
was 60 and 809, of initial infectivity of the nuclear
and cytoplasmic extracts, respectively, and 1009,
of trichloroacetic acid-precipitable radioactivity.
Effect of phospholipase C (PLC) on the infec-
tivity of nuclear and cytoplasmic fractions. In the
preceding sections, we have shown that infectious
virus extracted from nuclei of 8-hr infected cells
is less stable than virus extracted from cytoplasm.
The infectious cytoplasmic virus has, on the basis
of its buoyant density in CsCl (8, 13), the proper-
ties of a nucleocapsid surrounded by a lipid
envelope. Previously, it has been shown that lipid
solvents render herpes viruses noninfectious (9,
17). In view of the physical difference between

1A Cytoplasmic
fraction

w
1

o

B Nuclear
1  fraction
N

601 N 3H-TdR

x1,000 COUNTS/MINUTE

1S 9 3 17
FRACTION NUMBER
FiG. 1. Distribution of macromolecular aggregates
containing *H-thymidine-labeled DNA and infectious
virus (PFU) from 8-hr infected HEp-2 cells on rate
centrifugation in 5 to 559, (w/w) preformed sucrose
gradients. (A) cytoplasmic extracts; (B) nuclear
extracts. Direction of sedimentation is from left to
right.

the nuclear and cytoplasmic virus indicated by
the results reported in the preceding sections, the
question arises whether the infectious nuclear
virus also contains essential lipids. Preliminary
experiments have shown that both phospholipase
C and hog pancreas lipase inactivate herpes
viruses. In these experiments, we used phospho-
lipase C because the enzyme acts by splitting off
lecithin which is readily assayed. This section
describes two series of experiments. In the first
series, we compared the kinetics of inactivation of
infectivity and the removal of labeled choline by
phospholipase C and studied the characteristics
of the inactivation reaction. In the second series,
nuclear and cytoplasmic virus were compared
with respect to inactivation by phospholipase C
and by pronase.
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In the first series of experiments, two HEp-2
cultures, each containing 2 X 107 cells, were
labeled between 2 and 18 hr after infection with
3H-choline (2.5 uc/ml of medium) and *H-thymi-
dine (2.5 uc/ml of medium), respectively. Samples
of lysates prepared 18 hr after infection were
incubated at 37 C with enzyme reaction mixture
and with reaction mixture (buffer) lacking en-
zyme. Samples for assay of residual infectivity
and of acid-precipitable choline and thymidine
were removed from the reaction mixtures at
times indicated in Fig. 2. Digestion with enzyme
resulted in a 909, loss of infectivity. Concurrently,
90<, of the choline label was rendered trichloro-
acetic acid-soluble. The loss of infectivity and
choline label followed the same kinetics, sug-
gesting that inactivation is a consequence of
choline removal and that it is not due to impurities
which might be present in the enzyme preparation.
The persistence of 109, of the infectivity and
choline label was not the result of inactivation of
the enzyme or inhibition of the reaction by end
products. The enzyme-resistant fraction persisted
in experiments in which additional enzyme was
added after 30 min (to replace inactivated en-
zyme) or in which the entire reaction was carried
out in a dialysis bag submerged in Tris-saline
buffer (to remove low molecular weight end-
product inhibitors).

To determine whether phospholipase C re-
moved the envelope of the virion, digested and
untreated lysates were stabilized with formalde-
hyde and centrifuged to equilibrium in CsCl solu-
tions. Both enzyme-digested and untreated vi-
rions banded at the buoyant density of enveloped
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FiG. 2. Effect of phospholipase C (PLC) on infec-
tivity (PFU) and trichloroacetic acid-insoluble 3H-
choline (*H-chol) and 3H-thymidine-methyl (*H-TdR)
in lysates of cells infected with herpes simplex virus.
The residual activity was determined by the ratio:
activity sample X 100/initial activity. Samples were
withdrawn at the times indicated.
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virions (1.285 g/cm?), indicating that the enzyme
did not remove substantial amounts of the
envelope.

In the second series of experiments, nuclear
and cytoplasmic extracts prepared from HEp-2
cells 8 hr after infection were mixed with an
excess of lysates from uninfected HEp-2 cells.
This procedure was necessary to insure that the
protein content and ionic composition of both
extracts were equalized. The extracts were divided
into three portions: one portion was incubated
with phospholipase C, one portion with pronase,
and one portion with buffer. Samples for assay
of residual infectivity were taken during the first
90 min, i.e.,, during the period of exponential
inactivation of virus shown in Fig. 2. The results
(Fig. 3) show that infectious virus present in the
nuclear and cytoplasmic extracts were equally
sensitive to inactivation by pronase or by phos-
pholipase C. The infectivity of preparations incu-
bated with buffer remained constant throughout
the time the interval studied.

DiscuUssION

Definitions. The terms ‘naked” and “en-
veloped” herpes virus nucleocapsids define the
dimensions and spacial arrangements of compon-
ents to form a particular structure revealed in thin
sections and in preparations stained with phos-
photungstic acid; they do not specify the chemical
composition of the components or the biological
activity of the structure (3). In attempts to relate
function or composition with a structure, numeri-
cal correlations alone are inadequate. Moreover,
it has been noted by us and others (15) that
electron microscopic grids loaded by techniques
designed to yield the most representative sample
of the preparation are not necessarily the ones
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FiG. 3. Inactivation of infectivity in nuclear and
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lipase C (PLC).
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best suited for differentiation among naked
nucleocapsids, enveloped nucleocapsids, and cell
debris. We have therefore sought to correlate
biological function with structure on the basis of
physical characteristics of known structures es-
tablished in this and in preceding papers in this
series (13, 14).

Nature of the cytoplasmic and nuclear infectious
virus. In CsCl solutions, cytoplasmic virus had
the buoyant density characteristic of enveloped
nucleocapsids (13, 14). Cytoplasmic virus was
relatively stable in CsCl solutions; after centrifu-
gation, there was only 509, loss of infectivity
(Table 1) and only 169, of the virions became
disaggregated (Table 2).

Labeled macromolecular aggregates in the nu-
clear extract formed a band in CsCl which en-
compassed the density range of both enveloped
and nonenveloped nucleocapsids. From the dis-
tribution of the labeled macromolecular aggre-
gates, we estimated (Table 2) that only 139,
banded at a density characteristic of fully en-
veloped nucleocapsids. It seems probable, how-
ever, that this fraction consists largely of spillover
from the adjacent band containing naked nucleo-
capsids. This conclusion is reinforced by two
findings. First, the infectivity of the nuclear ex-
tracts was repeatedly reduced by centrifugation in
CsCl solution to 0.019,, as compared to 509,
inactivation of the infectivity of the cytoplasmic
fraction. On the basis of the 509 loss of infectivity
for enveloped nucleocapsids in the cytoplasmic
fraction, we may estimate that no more than
0.029, of the infectious virus in the nuclear
extract is fully enveloped nucleocapsids. Second,
as shown in Table 2, the material banding in the
density region characteristic of enveloped nucleo-
capsids was as labile as the material banding in
the region characteristic of unenveloped nucleo-
capsids.

In sucrose solutions, infectious nuclear virus
behaved consistently as if it were smaller than the
enveloped particles present in the cytoplasm.
Two findings, i.e., the recovery of more than
609, of the infectivity after centrifugation and
the coincidence of labeled macromolecular ag-
gregates and infectivity in the sucrose solution
(Fig. 1), led us to conclude that the bulk of
infectious nuclear virus was devoid of intact
envelope and at most was only partially enveloped.
This conclusion is supported by the observation
that most of the 3H-thymidine-labeled macro-
molecular aggregates in the nuclear fractions
band in CsCl at a buoyant density characteristic
of naked nucleocapsids (Table 2).

Lipids and biological activity. The experiments
with phospholipase C clearly show that infectious
nuclear virus, albeit different from enveloped
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nucleocapsids, contains lipids and that the mo-
lecular integrity of the lipids is essential for
infectivity. In considering the relationship of the
lipid to viral DNA-protein macromolecular ag-
gregates, the following points may be made.

It seems probable that, in enveloped nucleo-
capsids, the lipids essential for infectivity are
structural components of the envelope. We may
view the envelope of the virus as having two
functions. First, the envelope has a protective
function. As shown in this and preceding papers
(13, 14), enveloped virus is more stable than
nonenveloped virus in CsCl solution. The protec-
tive function may be related to its imperviousness;
enveloped virus, for example, was not readily
permeable to phosphotungstic acid (14). The
second function may concern adsorption to cells.
Thus, Holmes and Watson (2) and Siegert and
Falke (11) have demonstrated that enveloped
nucleocapsids adsorb to cells more readily than
nonenveloped nucleocapsids. It should be noted,
however, that virus lacking an intact envelope,
although unstable, is not inherently noninfectious.
In addition to the data presented in this study, it
has been shown by Rouhandeh et al. (10) that
virus treated with lipid solvents and presumably
devoid of intact envelope could be rendered
infectious by adding a suspension of water-
soluble inorganic compounds which absorbed the
virus and adhered to cells. The physical-chemical
relation of nuclear virus and lipids which render
it infectious is unknown. Two possibilities should
be noted. First, the lipids could be structural
components of a membrane which partially
envelops the virus. A partially enveloped nucleo-
capsid is compatible with the properties of in-
fectious nuclear virus described in this paper.
The second possibility stems from the mechanism
of envelopment of the virus. The nucleocapsid is
enveloped by the inner lamella of the nuclear
membrane (4, 5, 11; Schwartz and Roizman, in
preparation). To become enveloped, the nucleo-
capsid must first adhere to the membrane. The
adhesion may be mediated by lipoprotein com-
ponents of the nucleocapsid. In this connection,
it is of interest to note that in thin sections of
herpes virus virions, an electron-transparent shell
separates the nucleocapsid from the electron-
opaque envelope (14). That the electron-trans-
parent shell is not a part of the envelope may be
deduced from negatively stained preparations.
Once the envelope is fractured (15), phosphotung-
stic acid readily fills the space equivalent to the
translucent shell and renders visible the structure
of both the envelope and the nucleocapsid (14).
The structure and composition of the translucent
shell are unknown; it could well be that it con-
tains lipids.
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