We isolated DAGE and TG from
the liver by thin-layer chromatography
(3) and established the purity of each
fraction (3, 4). The following specific
gravities (water at 25°C) were ob-
tained: DAGE, 0.908 at 25°C and TG,
0.922 at 25°C. Though these differences
are not great, 1 g of DAGE gives 14
percent more lift in seawater (specific
gravity 1.026) than 1 g of TG.

The difference in the specific gravi-
ties of the two classes of lipids en-
couraged us to study the changes in
the ratios of DAGE to TG that would
result from an artificial increase in
the body weight of experimental ani-
mals. Thirteen male dogfish Squalus

Fig. 1. Dissected dogfish Squalus acanthias
illustrating the large liver in comparison to
the body size.
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acanthias, caught in Puget Sound in
July, were maintained for 2 days in
circular tanks 2 m in diameter and
1.3 m deep. The water in the tanks
was exchanged and aerated continu-
ously. The fish were 80 to 90 cm long
and weighed 2.7 to 3.4 kg. Lead
weights (114 g) were suspended be-
tween the pectoral fins of seven fish
selected at random. They were then
returned to the tank with the un-
weighted fish. After 50 hours, all the
fish were killed, and the livers were
excised. Each liver was homogenized
in a blender for 10 minutes. The re-
sulting emulsion was centrifuged at
8°C for 30 minutes at 8000 rev/min.
The DAGE were separated from TG
by thin-layer chromatography. The
layers were then charred with chro-
mic-sulfuric acid, and the spots repre-
senting each glycerolipid were ana-
lyzed by photodensitometry (5). Peak
areas were measured to establish the
ratios of DAGE to TG (Table 1).

Triglycerides predominate in the liv-
ers of each unweighted fish, whereas
the proportion of DAGE is significantly
higher in each weighted fish. We postu-
late, therefore, that the ratios of DAGE
to TG in the weighted group are in-
creased to offset the increase in body
weight. No correlation exists between

the ratios of DAGE to TG and the
weights of the fish, the liver weights,
and the percentage of oil. Individual
anatomical features might contribute
substantially to the variations observed
(6).

We postulate that a regulatory mech-
anism, involving the selective metabo-
lism of DAGE and TG, is used by
Squalus acanthias in the maintenance
of neutral buoyancy during vertical mi-
grations. This regulatory mechanism
may serve as a substitute for the com-
monly found gas-filled swim bladder.

DoNALD C. MALINS
ANTHONY BARONE
U.S. Bureau of Commercial Fisheries.
Food Science Pioneer Research
Laboratory, Seattle, Washington 98102
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Animal Cells: Noncorrelation of Length of

G: Phase with Size after Mitosis

Abstract. The interval between mitosis and initiation of DNA synthesis (G,)
varied over a fourfold range for Chinese hamster ovary cells, an established line.
This was not because of size differences. Synchronous cells of different sizes
began DNA synthesis at similar times after mitosis. A novel technique of centri-
fugation for separating cells according to size is described.

Individual cells of synchronous mi-
totic mammalian cultures proceed
through the mitotic cycle with different
rates (I). Cells obtained by shaking
monolayers growing in glass bottles (2)
are initially more than 90 percent in
metaphase, and yet they enter the DNA
synthesis phase of the cycle (S) be-
tween 3 and 12 hours after division
(Fig. 1). Thus, highly synchronous mi-
totic cells exhibit G; phases which vary
over more than half of the cell cycle.
The remainder of the mitotic cycle ap-
pears to vary less, the time of DNA
synthesis through mitosis (S + G. + M)
being relatively constant for many
mammalian cell lines (I, 3). Thus the

variation in G; may account for much
of the variation in intermitotic times.

The duration of G; might vary due
to genetic, nutritional, or cell volume
fluctuations within the population. We
have examined the possibility (4, 5)
that individual cells have G; durations
dependent on initial cell mass. Velocity
sedimentation of synchronous cells in
early G; through Ficoll density gra-
dients yields fractions of cells which dif-
fer in volume. These fractions are
grown on glass cover slips and are ex-
posed briefly to tritiated thymidine early
and late during the period of DNA syn-
thesis. Autoradiography of these cells
indicates that there is no close relation
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Fig. 1. Cells in My, S, and M. phases. Cells
in first and second mitoses were determined
by counting mitotic figures of chromo-
somes. Cells that have entered S were as-
sayed by counting cells with nuclear grains
in autoradiography after continuous in-
cubation with tritiated thymidine.

between initial cell volume and length
of Gj.

If a cap (Fig. 2) with a small hole
through the center of its radial axis is
inserted into a tube, then a cell sample
can be layered within a smaller area
than the entire width of the tube. Cells
radiating from this hole will not have
paths intersecting with the walls, and
thus the cells will not stick to the walls
(6). Small numbers of mammalian
cells can be centrifuged without sig-
nificant loss and with less damage to
the cells.

Chinese hamster ovary (CHO) cells
(7), obtained from D. F. Petersen and
R. A. Tobey (Los Alamos Scientific
Laboratory), were grown in Ham’s F-
10 medium (8) supplemented with
penicillin and streptomycin (Grand Is-
land Biological Co.) at concentrations
of 100 units and 100 ug per milliliter,
respectively, and with fetal calf serum
(5 percent) and calf serum (10 per-
cent) (Baltimore Biological Laboratory).
Cells were grown with 2 X 10—2M
Hepes buffer (Calbiochem) without a
special CO, atmosphere. No contami-
nation with pleuropneumonia-like orga-
nisms was detected by tests in two
independent laboratories nor in our
own routine tests.

The method of harvesting synchro-
nous mitotic cells by shaking is basically
that of Tobey et al. (2). The medium
added for shaking cells and for subse-
quent incubations was a 1 :1 mixture
of fresh medium with conditioned me-
dium that had been over the growing
cells to be shaken for 24 hours. Con-
ditioned medium was used to minimize
possible synchronizing effects of fresh
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medium (9). Synchronous mitotic cells
were incubated at 37°C for 30 minutes
to allow cells to complete mitosis. Dis-
ruption by pipetting was necessary to
separate daughter cells. These cells were
centrifuged 5 minutes at 800 rev/min,
resuspended, and layered on gradients
in 0.2 to 05 ml of Ham’s F-10
medium. '

Density gradients were prepared with
Ficoll (Pharmacia, molecular weight
about 400,000) in F-10 medium that
contained serum. Cells centrifuged
through Ficoll in F-10 without serum
did not attach to cover slips nor did
they grow. Usually about 2 X 10° cells
were layered in the adapter cap of the
Ficoll gradient (Fig. 2) and were cen-

trifuged 16 minutes at 900 rev/min (In- .

ternational size 2). High concentrations
of cells could not be sedimented without
considerable clumping.

Cell samples were obtained from lay-
ers of the gradient by siphoning with
a capillary inserted through the cap to
a depth of about 2 cm in the tube.
Samples of 0.5 to 1 ml were usually
diluted 1:1 with F-10 medium and
placed in 5-ml beakers with glass cover
slips at the bottom. The beakers were
placed in small plastic cups mounted
at the top of a rubber adapter in a
swinging bucket and were centrifuged
10 minutes at 1000 rev/min (Sorvall
GLC-1). The solution was then re-
moved by pipette, and medium was
added for incubation. The same pro-
cedure was used to prepare cover-slip
cultures of the dilute solutions of syn-
chronous cells obtained by shaking, so

Fig. 2. Aluminum adapter cap and exten-

sion sleeve for density gradient centrifuga-

tion with swinging buckets. To obtain
maximum cell separation by decreasing
the initial distance of the cells from the
center of rotation of the centrifuge (I4),
tubes were placed in aluminum holders.
The holders were also built to support the
adapter cap inserted in the tube. A Lucite
plug and rubber base support the bottom
of the cellulose nitrate tube. A 24-ml
linear Ficoll gradient (10 to 20 percent)
was prepared in a cellulose nitrate tube
(2.5 by 7.5 cm, Beckman). Just above
this volume was placed the aluminum
cap with a hole bored through its center.
A 5 to 10 percent gradient was then
formed to fill the hole to within about

1 cm of the top of the cap. Cells were

layered in the hole of the cap. The ar-
rangement gave complete recovery of sedi-
mented cells whereas most cells stuck to
the tube walls due to collision (6) when
the cap was not used. Dotted lines indicate
the limiting radial paths of cells during
sedimentation.

that it was not necessary to sediment
the cells to concentrate and replate
them. The cells on cover slips were
cultured and later removed and pre-
pared for autoradiography.

The early dose of 3H-thymidine was
from 4 to 6 hours in two experiments
and from 3 to 5 hours in the third
experiment. Labeling was nearly the
same for both small and large cells. A
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small decrease in labeling was noted
for the smallest cells; in a fraction
representing less than 10 percent of the
total cells a decrease of two-thirds was
observed. Therefore there was a small
dependence on size, but no large
correlation between cell size and length
of G; (Fig. 3).

The late dose of *H-thymidine was
from 8 to 10 hours in two experiments
and from 9 to 11 hours in the third
experiment. No significant differences
in labeling were detected for the cells
of different sizes (Fig. 3).

The early dose was timed so that
only large cells would have become
labeled if a correlation between G, and
size existed. Likewise, a decrease in
labeling of large cells might have been
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Fig. 3. Fractions of cells of each size
which are in S. Shadings indicate individ-
ual experiments. Each bar represents blind
counts of at least 400 cells. Dotted lines
indicate the labeling of unfractionated cells
for the experiments with highest and
lowest labeling. Sizes of rounded cells
prior to attachment to glass and flattening
out were estimated by photographing cells
and weighing paper cutouts of their pro-
files. These areas were converted to ab-
solute volumes based upon an approxi-
mate measure of the cell diameters. Vol-
ume intervals are expressed as the average,
plus or minus the standard deviation.
Sized early G, cells were exposed for 2
hours during early and late S with 2 to 3
uc of thymidine-[methyl-*H] per milliliter
(New England Nuclear, final specific ac-
tivity, 0.64 to 0.96 uc/nmole). After each
dose of labeled thymidine, the cells were
washed with cold calcium- and magnesium-
free phosphate-buffered saline contain-
ing 1 mmole of unlabeled thymidine and
fixed with an acetic acid, ethanol mixture
(1:3). Cover slips were dried, mounted
face up on slides with Permount (Fisher),
and dipped in Kodak NTB-2 emulsion.
These were developed after 2 to 7 days of
exposure and were stained with Giemsa.
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seen in the late dose. The absence of
large differences in labeling patterns
between large and small G, cells sug-
gests that, for these cells, only a small
correlation may exist between cell vol-
ume and length of Gy. The large het-
erogeneity in length of G; (Fig. 1)
therefore is not primarily due to varia-
tions in cell size.

Killander and Zettterberg (4, 5)

have suggested that a correlation does

exist between the mass of a cell after
mitosis and duration of its G, phase.
They observed a smaller variation in
mass of mouse L cells at early S
phase than immediately after division.
Furthermore, they found a’ large va-
riation in age of the early S-phase
cells (4). This suggested a critical
mass for S and the possibility that
G; of small cells would last longer
than G; of large cells in order to reach
this mass. In another investigation (5),
different populations were derived from
the same cell line. Populations with
smaller average masses after mitosis
had longer average G; periods. These
two experiments only indirectly suggest
a correlation between duration of Gy
and cell size. The first results are sta-
tistical, and the second results are for
cells of different populations with pre-
sumably different genetic compositions
(5). Our experiments with CHO cells
do not support this hypothesis.
Petersen and Anderson have studied
synchrony in wild-type and clonal CHO
cells (10). Because they found no
large differences, they concluded that
genetic dispersion in the population
could not account for the observed
dispersion of growth rates. They and
their colleagues (/1) also concluded
from mathematical considerations that
cell volumes alone could not account
for experimental growth patterns. Thus,
both cell size and genetic contents do
not account for the observed hetero-
geneity in cell growth. Nutritional limi-
tations may account for the dispersion,
as in Tetrahymena (12), but this factor
is difficult to test with mammalian cells.
Two further hypotheses might ac-
count for variable duration of Gy.
Cells might normally enter a G, state
for variable periods between mitosis
and G; (I3). The G, state is pro-
posed for nondivision but potential
proliferation. The capacity to enter G,
might be lost in more malignant cells,
as suggested by greater desynchrony of
CHO than of HeLa cells (10). The
second hypothesis accounts for het-
erogeneity among daughter cells by

asymmetric distribution of scarce cel-
lular components which are unequally
segregated at random, and not in paral-
lel with total cell mass. Components
associated with nuclei might be in this
class, and their quantity within cells
might determine growth rates.
TaoMas O. Fox

ARTHUR B. PARDEE
Moffett Laboratory,
Princeton University,
Princeton, New Jersey 08540
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Sex Control by Bees: A Voluntary
Act of Egg Fertilization during
Oviposition

Abstract. The alfalfa leaf-cutter bee,
Megachile rotundata, stops abdominal
contractions briefly during oviposition
of female eggs but not during oviposi-
tion of male eggs. Sperm stored in the
spermatheca probably is pumped onto
the micropyle of the egg during this
pause. The stimulus inducing fertiliza-
tion seems to be associated with the
depth of the nesting tunnel.

Bees and other Hymenoptera control
the sex of their offspring through ar-
rhenotokous parthenogenesis. With some
Hymenoptera, egg fertilization apparent-
ly is a random process, but in others,
fertilization appears to be controlled
by the female. In the honey bee, un-
fertilized eggs resulting in males are
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