None of the second generation swine on
625 pc/day survived to produce a third
generation. There have been 69 cases of
hematopoietic disorders in swine ingest-
ing 20Sr—>55 in the F; and F, animals
and 14 in the original dams; there were
two such disorders in the original con-
trol dams. Bone tumors have been seen
in seven animals of those groups that
received 125 and 625 pc/day. Progress
reports on these facets of the experiment
have been published previously (7, 8).
Our purpose in this report is to em-
phasize the fact that, despite the high
levels of 90Sr fed and the abundant
evidence of hematopoietic and carcino-
genic effects, we have seen no evidence
of an effect on fetal or neonatal mor-
tality. From these studies we would
infer that effects on fetal or neonatal
mortality are not to be anticipated in
human populations when mothers are
exposed to 9°Sr, because 9°Sr intake
levels high enough to affect fetal or
neonatal mortality would not permit
maternal survival long enough for the
bearing of young. Since 9°Sr is a pre-
dominantly bone-seeking radionuclide,
the effects will be manifest in bone and
hematopoietic tissue in later life and
will not affect fetal or neonatal mor-
tality.
WiLLiAM J. CLARKE
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Gibberellic Acid: A Growth Factor in
the Unicellular Alga Gymnodinium breve

Abstract. Gibberellic acid stimulates growth in the unicellular alga Gymnodini-
um breve (dinoflagellate). The maximum effect was obtained with 10—7 molar
gibberellic acid, whereas concentrations greater than 5 X 10—7 mole per liter were
inhibitory. The effect of the compound is observed as a marked shortening of the
lag period, which is normally 6 to 8 days after innoculation.

Gibberellic acid (GA) is a plant hor-
mone which influences the activity of
almost any plant tissue or organ. Re-
sponses include changes in growth rates
and development of excised embryo,
coleoptile, or primary leaf (7). The ex-
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Fig. 1. Growth curves of Gymnodinium
breve without GA (@) and with 107M
GA (O).
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Fig. 2. Distribution of cell sizes of
Gymnodinium breve recorded and plotted
with automatic particle size distribu-
tion analyzer model J (Coulter Electron-
ics Inc.). (Solid line) With 10°M GA;
(dashed line) control. Histogram was
plotted from cell sample after 28 days of
growth.

cised endosperm of cereals respond very
quickly (1 day) to small quantities of
GA. As little as 3 X 10—10 mole of GA
per liter can cause release of reducing
sugars from barley endosperm resulting
from increased formation and secretion
of a-amylase by aleurone cells sur-
rounding the endosperm (2). At least
part of the increased a-amylase activity
is the result of de novo synthesis of the
enzyme molecule (3). This synthesis is
associated with synthesis of RNA after
the addition of GA (4).

There is little information on the ef-
fect of GA on either multicellular or
unicellular algae. The cell size of
Euglena is increased when GA is added
at a concentration of 1000 mg/liter (5).
In Ulothrix subtilissima 0.05 mg/liter
gives a sevenfold increase in growth,
whereas higher concentrations are in-
hibitory (6). In Trichomonas foetus
910 mg of GA per liter has an inhibi-
tory effect, whereas lower concentra-
tions have no effects (7).

We have found that GA has a
marked effect on the growth of
Gymnodinium breve, a toxigenic ma-
rine dinoflagellate. Periodically this or-
ganism increases in number and dis-
colors coastal waters mainly along the
eastern coast of the United States and
the Gulf of Mexico (8), resulting in the
phenomenon popularly known as Red
Tide. There is ample evidence that an
active compound produced by this or-
ganism is responsible for catastrophic
mortalities of various marine animals
(9), presumably through a neurotoxic
effect (10).

While looking for optimum condi-
tions for the growth of this organism,
we found that GA (II) in low quan-
tities induces rapid growth in axenic
cultures. We used a synthetic medium
containing inorganic salts, trace ele-
ments, and thiamin-HCl (1 mg/liter),
biotin (0.5 pg/liter), and vitamin Biq
(1 pg/liter). The cultures were grown at
18°C under continuous illumination.

The growth curve (Fig. 1) of this
organism is normally characterized by
a lag period of 6 to 8 days; in many
instances cell numbers are even reduced
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during this period. Addition of GA
causes the lag phase to be shortened or
to disappear completely. The final num-
ber of cells in the culture containing
GA is doubled. '

We calculated generation time from
the slope of the logarithmic phase of
the growth curve. Cell numbers were
determined with a Coulter counter
which also provided a histogram of cell
sizes. The mean generation time of G.
breve is 6.6 days. The mean generation
time and cell size (Fig. 2) of experimen-
tal and control are not significantly dif-
ferent. Thus the main effect of GA
appears to be elimination of the lag
period and increase in the final yield of
cells. The optimum concentration of
GA causing this effect was 10—7 mole/
liter, whereas higher concentrations
(above 5 X 10—7 mole/liter) markedly
inhibited the effect.

The use of G. breve as a homogenous
unicellular cell population for studies
on the mode of hormone action has
several advantages over use of compli-
cated multicellular plant systems with
extensive morphological differentiation.

In nature Gymnodinium breve blooms
periodically during the year, but blooms
in the laboratory have been elusive. If
GA can be used to effect algae blooms
in the laboratory, we would suggest that
the level of GA in seawater may be
one of the causes for the bloom. A
possible source of GA could be debris
of higher plants washed to sea and ma-
rine algae, both of which contain GA
in their tissues (72). The possibility

exists that the “effect of GA on
Gymnodinium breve results from the
same mechanism as that in higher plants
(13); however, the mode of action is
unknown,
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Cell Surface Coatings and Membrane Potentials of

Malignant and Nonmalignant Cells

Abstract. A positive surface potential indicating a cell coating is common to
malignant cells, lymphocytes, and normal and malignant trophoblastic cells. This
characteristic was not generally found for other normal cell types tested by micro-

electrode penetration.

Studies of electromobility show that
malignant cells and trophoblastic cells
of the placenta possess a highly charged
surface constituent (I). This predomi-
nate surface negativity is attributed
primarily to sialic acid moieties of
mucopolysaccharides on the cell ex-
terior. Treatment of the sialic acid
groups with neuraminidase causes re-
duction of the characteristically high
electromobility rates of these cells to
near the rates for normal cells (2). Lym-
phocytes also possess a high negative
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surface charge (I, 3). The distortion of
normal cell interaction due to a similar
surface charge on malignant cells, tro-
phoblast, and lymphocytes may mediate
the lack of immune rejection of tropho-
blastic cells during implantation in preg-
nancy and of malignant cells in cancer.
On the other hand, the lack of such a
coating and charge characteristic on
transplanted cells of normal organs
would permit the expected cellular re-
action and rejection.

We have studied the electrophysio-

logical properties of representative ma-
lignant cells and compared them to
those of normal cells. The finding of an
electrically charged sialomucin cell coat-
ing (similar to placental fibrinoid) on
the surface of cancer cells and normal
and malignant trophoblastic cells sug-
gested an investigation to determine
whether these surface characteristics
could be detected by penetration of
single cells and bioelectrical recordings
).

The various types of cells under in-
vestigation were cultureéd on glass cover
slips and studied by microscopic obser-
vation in special holding chambers used
to maintain the test cells during experi-
mentation. The cells were immersed in
tissue culture medium kept at 36°C and
adjusted to the appropriate pH with a
variable mixture of air and carbon
dioxide above the medium. Microelec-
trodes were used to impale single cells
for electrical recordings (5) and were
found acceptable when impedance was
20 megohms or above, a value indicat-
ing an electrode tip diameter under 0.5
pm (6).

We first studied transmembrane po-
tential of the malignant trophoblastic cell
(BeWo) in vitro (Fig. 1). This cell line,
derived from a malignant tumor of
the placenta following normal preg-
nancy, was transplanted and maintained
in the hamster cheek pouch (7) and
later established in continuous cell cul-
ture (8). It performs all of the normal
functions of the placental trophoblast
thus far tested (9).

Impalement of the malignant tropho-
blast revealed potentials which demon-
strated a distinct positive deflection pre-
ceding the normal transmembrane
potential (prepotential) (Fig. 1, right). A
surface constituent producing this posi-
tive deflection was therefore implicated.
The magnitude of the positive prepo-
tential ranged between 1 and 8 mv and
was dependent on several factors, most
notably pH. The higher magnitudes (5
to 8 mv) were recorded at pH 8, lower
values (1 to 2 mv) between pH 7 and
pH 6. All malignant cells studied—cer-
vical cancer (HeLa), human laryngeal
carcinoma (HEp2 line), choriocarcino-
ma (BeWo line), rat sarcoma (256 and
L cells)—uniformly demonstrated this
characteristic. These properties were
also found in normal human trophoblast
and lymphocytes, whereas normal kid-
ney, -embryonic heart, and lung cells
rarely gave prepotential records (Table
1).

Thus the prepotential appears to be
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