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I. Introduction

Some of the most basic and interesting problems in eukaryotic cells are
those involved in studying nuclear—cytoplasmic interactions. Cytologists
and cell biologists have attempted to study the interactions and independent
activities of these two major compartments of eukaryotes primarily by sur-
gically removing the nucleus. The nucleus is then transplanted to other
types of enucleated cytoplasm or the behavior and properties of the re-
maining enucleated cytoplasm are monitored (Chambers and Fell, 1931;
Briggs and King, 1959; Kopac, 1959; Goldstein er al., 1960a,b; Brachet,
1961; Goldstein, 1964; Goldstein and Eastwood, 1964; Marcus and Freiman,

' Present address: Cold Spring Harbor Laboratory, Cold Spring Harbor, New York.
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1966). The microsurgical techniques utilized require a high degree of skill
with micromanipulators and tremendous patience on the part of the investi-
gators. In addition, the techniques have inherent limitations, such as the
possibility of inflicting irreparable damage to the cells during surgery and
the time factors involved in making relatively few observations.

Carter (1967, 1972) described the spontaneous enucleation of cultured
L cells when they were treated with cytochalasin B (CB), a compound
isolated from the mold Helminthosporium dematioideum. Unfortunately
only a few percent of the cells in a culture were enucleated. Several other
studies have also demonstrated that only a few cells in apopulation become
enucleated in a variety of cell lines (Ladda and Estensen, 1970; Prescott
et al., 1972; Goldman, 1972). However, Poste and Reeve (1970) claimed that
between 45% and 80%, of cultures of murine macrophages and 1925 cells
treated with 30 ug of CB per milliliter for 8 hours, become enucleated. We
have attempted to increase the yield of enucleates by treating several cell
lines with concentrations of CB as high as 50 ug/ml without significant
success.

TABLE 1
CURRENT CONDITIONS FOR ENUCLEATING VARIOUS CELL LINES®

Speed
of centrifugation Time (min)

Cell line Substrate (type of coverslip) (rpm) of centrifugation
BHK-21 Glass, collagen 6,500 50

Plastic, collagen 11,000 15
PyBHK Glass, collagen

Plastic, collagen 11,000 10
BSC-1 Glass 9,000 2 % 60°

Plastic 16,500 2x15
T3 Glass, collagen 6,500 50

Plastic, collagen 11,000 10
FLSV Glass, collagen 7,000 60

Plastic, collagen 11,000 15
SViT3 Glass, collagen

Plastic, collagen 12,000 10
Py3T3 Glass, collagen

Plastic, collagen 12,000 10
CHO Plastic 15,000 15

Tt is to be emphasized that these are the present techniques we utilize for obtaining over
9%, enucleation; however, we are constantly changing procedures in attempts to increase the
percentage of enucleation and cell yields and to sherten times of centrifugation. All celi lines
are enucleated at subconfluent densities.

53 % 60 or 2 x 15 means that the enucleation procedure is repeated following a recovery
period in normal medium.
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The enucleation phenomenon appears to be related to the response of
cells to the drug at concentrations of 5-10 ug/ml. At these concentra-
tions, the cells have a grossly aitered morphology and the nucleus is raised
up from the growth substrate onto a slender stalk of cytoplasm (Carter,
1972). In a few cases this stalk breaks and the nucleus is released from the
cells, apparently surrounded by a thin sheet of cytoplasm and a plasma mem-
brane. Most of the cytoplasm remains attached to the substrate (Carter,
1967, 1972, Prescott et al., 1972; Goldman, 1972; Goldman ez al., 1973a).
Recently, Prescotter af. (1972) have been able to greatly amplify the enuclea-
tion effect by growing the cells on round glass or plastic coverslips, placing
them cell side down into the bottom of centrifuge tubes containing medium
with 10 ug of CB per milliliter, and then centrifuging them at 37°C. In this
way the nuclei can be forced out of the cells, while the cytoplasm remains
behind on the coverslip. With this technique, Prescott ef af. (1972) achieved
up to 989, enucleated populations of CHO and L cells.

Utilizing slight modifications of the Prescott et al. (1972) procedure, we
have been able to enucleate over 90%, of the cells in populations of seven
continuous cell lines (see Table I). We are now in the process of determining
the uses of enucleates in a variety of problems involving nuclear—cytoplas-
mic interactions.

II. The Technology of Enucleation

As mentioned above, our technigue is based on the Prescott e af. (1972)
procedure. Cells are grown on round glass coverslips or on round plastic
coverslips. The plastic coverslips are either cut from the bottom of Falcon
tissue culture plates (Prescott, personal communication: Prescott ef al.,
1972} with a cork borer or are punched out with a heated piece of stainless
steel tubing. The coverslips are 12 mm in diameter for use with 15-ml Corex
round-bottom centrifuge tubes or ~22 mm in diameter for use with 50-mi
Sorvall plastic centrifuge tubes. In some cases, the coverslips are coated with
rat tail collagen (Ehrmann and Gey, 1956), which makes the cells more
adhesive to the glass or plastic substrate, The use of plastic or glass substrates
coated with collagen minimizes the loss of cells during centrifugation [see
Prescott et af. (1972) for a more extensive discussion of this probiem) .

Cells are grown on the coverslips to semiconfluence or confluence in
normal growth medium. The coverslips are then placed into centrifuge tubes
containing 10 u#g of CB/ml so that the cell side is down, Within a few minutes
the cells show a greatly altered morphology and the nucleus is pushed up
onto a thin stalk of cytoplasm as described above. The tubes are placedina
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Sorvall §8-34 head seated in a Sorvall RC-2 or RC-2B centrifuge which has
been prewarmed to 37°C (see Prescott ef a/., 1972). The tubes are spun at
various speeds at 37°C for periods varying from 10 to 60 minutes. The condi-
tions for centrifugation depend on the cell type, cell density, and substrate
(Table I). After centrifugation the coverstips are removed from the tubes,
and they are placed cell side up into 35-mm Falcon tissue culture dishes
containing 2 ml of normal medium in order to recover from the effects of CB.
Within 15-30 minutes the cells possess a normal morphology. The only
obvious difference is that the nucleus is absent. Once coverslip cultures
recover fully from the effects of the treatment they can be subjected to a
second and even third cycle of enucleation. For example, in a two-cycle
experiment with BSC-1 cells, 959, of the cells were enucleated in the first
centrifugation, and approximately 95% of the cells that retained their
nucleus in the first cycle lost them in the second cycle, leaving cultures that
were more than 999 enucleated (Pollack and Goldman, 1973). Figures 1 and
2 illustrate the condition of cells prior to, during, and after enucleation of
BHK-21 and BSC-1 cells.

The conditions used for enucleating various cell lines are included in
Table I. By utilizing the procedures prescribed for each cell line, we are able
routinely to obtain populations of cells that are between 90 and 99% enucle-
ated.

ITI.  Uses and Properties of Enucleated Cells

A. Trypsinization and Replating

After recovery of enucleates from the effects of CB we have been able to
remove them from their substrates with 0.25% trypsin~EDTA solution
(Grand Island Biological Co.). We carefully observe the cells during trypsini-
zation, and as soon as they begin to round up and lose some of their contacts

FiG, 1. BHK-21 cells observed during the process of enucleation. (a) Subconfluent culture
on a glass coverslip prior to the addition of CB. (b) Cells observed 10 minutes after the addition
of CB, Note the morphology of the cells is greatly altered and that the nucleus is pushed up
from the substrate and thus is out of focus. (c) The same field of cells with the nuclei in focus.
Arrows in (b) and (c) point to the same cells. (d} Cells following centrifugation in CB. Note that
the bulge toward the center of these cells, which contains the nucleus in (b) and (¢), is missing
or is reduced in most cases. (e) Cells 15 minutes after the removal of CB by washing with fresh
normal medium. Most of the cells appear normal in shape, but lack nuclei. Phase contrast. (a)

x 370; (b—e) x 320,
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F1G. 3. (a) Sparse culture of BSC-1 enucleates which had been replated and observed 2
hours later. (b) Same time interval following replating in a crowded culture. Note that the
enucleates are spread more in (b) than in (a). Phase contrast. x 480.

with the substrate, the trypsin-EDTA solution is removed and replaced with
a few milliliters of normal medium. The medium is then rapidly pipetted in
and out of the petri dish containing the coverslip, thereby removing the
enucleates and suspending them in the normal medium.

The suspension of enucleates can be replated immediately into Falcon
dishes or onto glass coverslips. In order to enhance reattachment and
spreading of enucleates, they are concentrated into small drops of normal
medium on the substrate. Within a few hours, the plate is flooded with
medium. The effect of this crowding is to enhance the attachment and
spreading of the enucleates (Fig. 3b). The enucleates are also capable of
attachment and spreading at low cell densities; however, the process is
slower (Fig. 3a).

Utilizing this procedure, we have demonstrated that rounded-up enucle-
ated cells are capable of normal attachment, spreading, and shape formation
(Goldman et al., 1973a). For example, enucleated 3T3 cells attach and
spread out over the substrate in a fashion which isidentical to nucleated 3T3
cells (Fig. 4). The same is true for enucleated BSC-1 cells and BHK-21 cells

FiG. 2. BSC-I1 cells observed during the process of enucleation. (a) Subconfluent culture on
a glass coverslip prior to the addition of CB. (b) Cells observed 15 minutes after the addition of
CB. (c) Same field of cells to demonstrate that following a change in focus up from the sub-
strate the nucleus is still in focus. (d) Cells after centrifugation in CB. (e) Cells 30 minutes after
removal of CB. Most cells appear normal in shape. Note cell with nucleus at left of field.
Phase contrast. (a) x 370; (b—e), x 320.
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FiG. 5. Ruffling edge of a BSC-1 enucleate observed 2 hours after replating from a tryp-
sinized suspension (arrow). Note phase bright pinocytotic vesicles forming beneath the ruffie.
Phase contrast. x 1300.

(see Goldman et al., 1973a). These observations demonstrate that cytoplasm
contains the information necessary for cell attachment, spreading, and
shape formation.

Other physiological phenomena are also seen in enucleates. They are
capable of normal pinocytosis and membrane ruffling (Fig. 5). We have also
demonstrated that contact inhibition of membrane ruffling occurs normally
in enucleated BSC-1 cells and that cell locomotion may be seen in enucleated
BHK-21 cells (Goldman et al., 1973a).

B. Protein Synthesis in Enucleated Cells

With more than 10° enucleates easily obtainable in one cycle of centri-
fugation it has become possible to study the biochemistry as well as the
physiology of cytoplasm. BSC-1 protein synthesis, as measured by the in-
corporation of leucine-*H into TCA-precipitable material, continues for at

FIG. 4. Early and late stages of spreading in nucleated and enucleated 3T3 cells. (a) 3T3
enucleates observed 30 minutes after replating from a trypsinized suspension. Note rounded
cell shapes and initiation of membrane ruffling at cell periphery. (b) Three hours after replating
of 3T3 enucleates. Cell shape is well established and indistinguishable from nucleated 3T3
cells (see d). (c) Nucleated 3T3 cells observed 30 minutes after replating. (d) Nucleated 3T3
cells 3 hours after replating. The process of spreading from a spherical to a normal shape
thus appears identical in both nucleated and enucleated 3T3 cells. Phase contrast. x 480.
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Hours after enucleation

Fi1G. 6. BSC-1 cells (98.9%;; top) were enucleated on plastic coverslips by centrifugation in
10 ug/ml CB at 37°C for 10 minutes at 12,000 rpm in the $S-34 head of a Sorvall centrifuge.
Control cells (lower panel) were given CB but not spun. One hour after recovery from
enucleation, cells on coverslips were trypsinized and replated onto many coverslips in
medium containing 10% calf serum and 1 pCi/ml leucine-H (5 Ci/mmole). Cycloheximide
(CH), 20 ug/mi, was added to some of these cultures at the times designated, Newly synthesized
protein was assayed as incorporation of leucine-*H into trichloroacetic acid-precipitable
material. CH-sensitive protein synthesis occurred in the enucleates at one-fourth the rate per
cell of control BSC-1 cells. Some coverslips from this experiment were prepared for autoradio-

graphy {Fig. 7).
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F1G. 7. (a and b). See legend to Fig. 6. Coverslips containing enucleated or control BSC-1
cells that had been replated in the presence of leucine ~*H were prepared for autoradiography at
7 hours after replating. The coverslip cultures were washed twice in PBS, fixed in ethanol-
acetic acid (2:1), air-dried, and mounted cell side up on microscope slides. The slides were
dipped in melted (40°C) Kodak NTB-2 emulsion, air-dried for 2 hours, stored at 4°C for 48
hours, developed in Dektol, and permitted to dry and harden overnight. The developed slides
were then stained in hematoxylin (Harris), blued in LiCl,, cleared through alcohol to xylene,
mounted in Permount, and examined at 500 x, phase contrast (Zeiss). Silver grains were seen
only overlying the cytoplasm of nucleated control cells, and over entire enucleates (see a).
Enucleates in 20 ug of cycloheximide per milliliter showed no silver grains over the cytoplasm
(see b). Although protein synthesis occurred in the enucleates, it was not required for spread-
ing in either the enucleates or in the nucleated control cells. (c and d). Enucleated BSC-1 cells at
1 and 4 hours after replating from a trypsinized suspension into medium containing 20 ug of
cycloheximide per milliliter. Phase contrast. x 520.
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least 8 hours after enucleation (Fig. 6). While the rate per cell is diminished
by about 75%, (Fig. 6), the enucleates are of course smaller than whole cells,
and in fact the rate per milligram of protein is diminished by no more than
20%, (P. Jeppeson, unpublished results).

In order to test for the necessity of protein synthesis in the attachment and
spreading of enucleated BSC-1 and BHK-21 cells, we have suspended them
in medium containing 20 ug of cycloheximide per milliliter (see Fig. 6) and
replated them as described above. Under these conditions, cell attachment,
spreading, and shape formation are normal for periods of observation to 7
hours after enucleation (Fig. 7).

Since microtubule and microfilament assembly seem to be involved directly
in cell attachment, spreading, and shape formation in nucleated BHK-21 and
BSC-1 cells {(Goldman and Knipe, 1973; Goldman et af., 1973b), it seems
likely, based on the above observations, that pools of subunits to these
cytoplasmic fibers are present in enucleated cytoplasm. These types of
observations emphasize that the cytoplasm contains storage forms of mole-
cules or subunits which may be assembtled or disassembled during various
types of physiological activity in the absence of nuclear information.

C. Ultrastructure of Enucleates

A preliminary electron microscopic survey of enucleated BHK-21 cells
indicates that the ultrastructure of spread enucleates is normal. A normal
distribution of mitochondria, Golgi, ribosomes, etc., is seen in enucleated
BHK-21 cells. In addition there is a normal distribution of microfilaments,
microtubules, and 100 A filaments along the fibroblastic processes (Fig. 8).
The only difference between these and nucleated cells is the lack of any
obvious nuclear structure. Even the centrioles frequently appear in the
center of the cell in the region which normally contains the nucleus(Fig. 9).
We are in the process of doing a more detailed study of the ultrastructure of
enucleated cells during the spreading process to determine whether or not
the assembly and distribution of microtubules, microfilaments, and 100;\
filaments is normal (Goldman and Pollack, 1973).

D. Maintenance of the Normal and Transformed Cell State in
Enucleates

We have initiated attempts to answer some basic questions about the
behavior of normal vs transformed cells in the absence of nuclear genetic
information by utilizing the trypsinization and replating procedure. Our
initial experiments have involved the use of enucleated 3T3 and Py3T 3 cells.
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FiG. 8. Electron micrograph of a thin section of an Epon-embedded BHK-21 enucleate.
The enucleates were fixed in 1% glutaraldehyde in phosphate buffer pH 7.2 and postfixed in
1% osmium tetroxide in the same buffer; after dehydration they were flat-embedded in Epon
812. Thin sections were taken parallel to the long axis of a fibroblastic process of this enucle-
z}’ted cell. Note filamentous mitochondria (M), longitudinally oriented microtubules (Mt), 100
A filaments (F), and submembranous microfilaments (Mf). The ultrastructure is identical to
that seen in similar fibroblastic processes of nucleated BHK-21 cells (see Goldman and Knipe,
1973). x 25,600.

When these enucleates are replated into drops and cells are observed at the
periphery of the drops, it becomes obvious that the propeity of piling up or
overlapping of cells is maintained by Py3T3 enucleates whereas 3T3 enucle-
ates at the edge of the drop show relatively minimal overlaps (Fig. 10). Thus
it appears that nuclei are not necessary for the maintenance of these proper-
ties of normal and transformed cells. These observations also indicate that
the cytoplasm is capable of maintaining normal contact inhibition in enucle-
ated 3T3 cells and a lack of contact inhibition in enucleated Py3T3 cells.
From this type of experiment, it looks as though this aspect of the behavior
of transformed cells (overlapping or lack of contact inhibition) does not
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Fi1G. 9. Electron micrograph of the nuclear region of a BHK-21 enucleate prepared as in
Fig. 8. Note the absence of any obvious nuclear structure and the presence of a centriole (C).
% 17,600.

F1G. 10. 3T3 and Py3T3 (polyoma-transformed 3T3) enucleates observed at the edge ofa
drop after replating from a trypsinized suspension. Minimal overlaps of cytoplasmic processes
are seen in 3T3 preparations (a). This is especially evident when compared to the many overlaps
observed in Py3T3 preparations (b). Phase contrast. x 520.
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require the presence of oncogenic virus genes which are located in the host
cell nucleus, although other aspects of the transformed state probably do
require a nucleus (Eckhart er a/., 1971).

E. Longevity of Enucleated Cells

Although the enucleates appear quite healthy for periods between 12 and
18 hours, they begin to look rather unhealthy after longer time intervals, We
are in the process of attempting to prolong the viability of enucleates by
crowding and the use of conditioned medium. Crowding the enucleated cells
into small areas seems to increase the length of time during which the cells
appear healthy with regard to such parameters as membrane ruffling, pino-
cytosis, and cell shape. For example, by crowding 3T3 enucleated cells some
of them retain a fairly normal shape, even at 28 hours following enucleation
and replating.

F. The Use of Enucleation in Virology

In carly experiments with enucleated cell fragments prepared by micro-
surgery (Crocker et al., 1964; Marcus and Freiman, 1966), synthesis of polio-
virus capsid antigen in bits of human ceil(HeLa} cytoplasm was detected by
fluorescence microscopy. In addition, RNA synthesis in the presence of
actinomycin—presumably poliovirus RNA replication (Franklin and Balti-
more, 1962; Darnell, 1962)—was detected by autoradiography with uridine-
*H. Later, Prescott ef af. (1971} enucleated a small minority of mouse L cells
by CB treatment without centrifugation and were able to demonstrate by
autoradiography with thymidine-*H that vaccinia virus uncoats and es-
tablishes viral DNA synthesis in enucleated cytoplasm.

No newly synthesized virus could be recovered from enucleate fragments
in these studies because cells containing nuclei were always present in large
numbers during the infection. Recently, however, when we infected relative-
ly pure enucleated BSC-1 monolayers with poliovirus, we were able to
recover newly synthesized infective poliovirus{Pollack and Goldman, 1973).
This work showed that monkey cell nuclei are not necessary for uncoating,
translation, and replication of poliovirus RNA, and for the assembly of
infectious virus.

The replication of more complex RNA viruses such as SV5 and influenza
may also proceed in enucleated cytoplasms of susceptible cells, and those
viruses are under examination, By the same token, enucleates should, in
principal, serve as excellent material for the synthesis of protein directed
by exogenous RNA, whether viral or cellular.
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G. Other Possible Uses of Enucleated Cells

Sendai, a myxovirus, fuses cells together in the course of infection (Okada,
1962). Harris and Watkins (1965) showed that inactivating Sendai virus with
UV prevented it from replicating, but did not prevent cell fusion. They then
made dramatic use of this observation, fusing a human cell (HeLa) to a
mouse cell (Ehrlich ascites tumor). The double parentage of these multinu-
cleate cells was proved by autoradiography. Heterokaryons rarely divide,
but even those heterokaryons that do not divide live long enough to permit
observation of interactions between novel mixtures of nuclei and cytoplasms
(Harris, 1965). In combination, Sendai virus and cytochalasin B treatment
permits preparation of chimeric cells in which cytoplasm from one cell bears
the nucleus of another. Ladda and Estensen (1970) fused nucleated avian
erythrocytes to enucleated L cells and showed that the mammalian cyto-
plasm alone was sufficient to activate the avian erythrocyte nucleus. Poste
and Reeve (1970) have recently extended this line of research.

Heterokaryons live long enough to permit virus growth. They were used
by Koprowski ef al. (1967) to recover SV40 from SV40-transformed human,
hamster, and monkey cells. Fusion to primary monkey kidney cells revealed
infectious SV40, which was detected by serial passage of extracts of the fused
cells on permissive monkey kidney cultures. The exact contribution of the
monkey cell to the liberation of SV40 from the transformed cellis not known.
Recently SV40 has reportedly been recovered from enucleated monkey cells
(CV-1) fused with Sendai to SV40-transformed mouse cells (Croce and
Koprowski, 1973).

FiG. 11. A 3T3 nucleus obtained from the bottom of the centrifuge tube during the
preparation of enucleated cells. Phase contrast. x 1520.



TABLE 11
RESPONSE OF ENUCLEATES TO TRYPSINEZATION AND REPLATING

Cell density

Cell density (cells/cm?) Percent of (cells/cm?)
original cell after replating  Percent
Number of Before After density after Percent enucleated  enucleation
Cell line Substrate experiments  centrifugation centrifugation centrifugation enucleation preparations after replating
BHK.-21 Plastic + collagen 4 25%10° 2.1x10° 82 %6 1.7 x 108 92
BSC-1 Glass 10 7.2x10* 4.1 x 107 56 916 2.9 x 104 80
PyBHK-21  Plastic + collagen 5 52 x10° 1.5 %108 15 92 1.4 x 10 87

4Cell density was calculated by counting cells in 5 microscope fields: the counts were then averaged to give the above data. The total number
counted in each experiment was between 150 and 500 cells. For calculating density of cells after replating, three coverslips were trypsinized
following enucleation and were replated onte 1 coverslip of the same size. The total number of cells counted on this latter coverslip was divided
by 3 to correct for the change in cell density and to attempt to obtain a more accurate ¢stimate of the replating efficiency of enucieated cells.
Percentage of enucleation was determined by counting the number of nucleates vs. enucleates.

®The percentage of BSC-1 enucleates can be increased as high as 99.8% by repeating the procedure for enucleation. Thus BSC-1 cells are
enucleated once, allowed to recover in normal medium, and then enucleated a second time (see Table I).
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It may also be possible to utilize the nuclei which are removed from cells
after centrifugation. Since the extruded nucleus seems to be surrounded by
plasma membrane, we will attempt to fuse these nuclei back into enucleated
cytoplasm of different cells by utilizing Sendai virus (Okada, 1962; Harris
and Watkins, 1965; Rao and Johnson, 1970). Preliminary observations of
the nuclear fraction indicate that they possess a normal morphology shortly
after removal from the cells (Fig. 11), but that within a short period of time
they deteriorate, seemingly owing to swelling and subsequent lysis. By utiliz-
ing different concentrations of sucrose, we hope to maintain the nuclei for
longer periods of time so that we can attempt fusing them into cells. In this
way, for example, we hope to fuse BHK-21 fibroblast nuclei with BSC-1
epithelial cell cytoplasm, and subsequently determine whether the cyto-
plasmic or the nuclear information is expressed in the resulting cells with
regard to such parameters as cell shape and locomotion.

Utilizing enucleated BHK-21 and BSC-1 cells, we are presently determin-
ing whether or not enucleates are capable of cell division, Qur preliminary
observations indicate that in some instances enucleates may divide into
*daughter” enucleates. However, we have not yet followed individual cells
very carefully. One of the major obstacles in this type of studyistherelatively
low number of cells going into mitosis in asynchronous populations. In order
to increase the yield of cells about to enter cell division we intend to syn-
chronize cells utilizing excess thymidine, which causes cells to become
arrested either in S or to accumulate at the (5,-S boundary (Tobey et af.,
1867). After removal of the thymidine, the cells continue through S, into G,
and finally there is a burst of mitosis. By synchronizing cells in this manner
and then enucleating them in G,, we should increase the potential number of
enucleated cells going into cell division, and hopefully this will increase our
chances of determining whether or not enucleated cells divide. In support of
the possibility that cell division occurs, we have seen some structures in
enucleated BHK-21 cells which are reminiscent of mitotic spindles without
chromosomes (Fig, 12).

FIG. 12.  An electron micrograph of a BHK-21 enucleate which contains a spindlelike con-
figuration of microtubules (MT) converging on a centriole {C). Similar configurations have
been seen only in normal dividing BHK-21 cells. The obvious difference is the lack of chromo-
some structure. x 11,200,
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IV. Summary

Enucleation with cytochalasin B does not result in irreversible damage
to cultured cells, and the normality of these cytoplasms is rather surprising.
For at least 12 hours, enucleates are viable by such disparate criteria as cell
movement, virus replication, and protein synthesis. They should serve asan
excellent system for a broad spectrum of studies on nuclear—cytoplasmic
interactions in eukaryotic cells.
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