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showing peptic activity on the gel, designated as band I to
band VI, with decreasing anodal mobilities. In the case of
adult forestomach, band III shows the strongest activity,
followed by bands IV and I, while band VI is very faint:
When pH of the crude extract of the adult forestomach was
brought to 2.0 with HCI prior to the electrophoresis, all
bands showed increased mobility towards the anodal end,
suggesting that the materials in the bands were pepsino-
gens, and they gave rise to corresponding pepsins by
activation.

The zymogram pattern of the crude extract of forestomach
of 15-day or 20-day embryos differed from that of the
adult. Band I was completely absent in 15-day extract
(figure 2, a), band I being the major one. In the extract
from the 20-day embryonic forestomach (figure 2, b),
band I appeared in some cases, but in small guantity.
Band II almost disappeared, and bands V and VI became
prominent. The activity of band III was very weak in the
embryonic forestomach. The disappearance of band II in
the later embryonic period suggests that the material in
band I is specific for the young embryonic forestomach.
After hatching, the zymogram pattern changed rapidly to
the adult type, together with the rise in total peptic activity.
Thus, 36 and 60 h after hatching (figure 2, d and e), the
zymogram pattern was almost identical to that of the adult,
though that of the 12-h chick (figure 2, ¢) resembled the
embryonic pattern.

The possible relationship between feeding, and the change
in peptic activity after hatching, was compared by the
zymogram patterns of fed and unfed chicks. The zymogram
patterns were completely identical between the 2 groups.
Though differences in electrophoretic mobility do not
necessarily mean qualitatively different proteins, and
would also include conformational changes and differences
in charge, our study indicated that band I differs immuno-
chemically from the other bands>.

The rapid increase of the activity and changes of molecular
species of digestive enzymes at the time of hatching were
observed also for maltase in the chick jejunum? It was
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suggested that these changes are regulated by hormones,
especially by hydrocortisone, as hydrocortisone has an
enhancing effect on the level of digestive enzymes in vivo®
and in vitro®!’, In the rat stomach, the maturation of the
chief cells, the increase in peptic activity and the change of
molecular species of pepsinogens occur at the time of
weaning!!, and these events are also regulated by hydrocor-
tisone!> 13, suggesting that similar mechanisms are involved
in the control of the digestive enzymes around the time of
hatching in birds and the time of weaning in mammals. The
avian pepsinogens might be a useful probe for the study of
these regulatory mechanisms because of the rapid change at
the time of hatching and the ease of its purification’.
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Density gradient centrifugation of cells separated from multicellular tumor spheroids’

C.P. Sigdestad?, D.J. Grdina and K. Ando

Section of Experimental Radiotherapy, University of Texas System Cancer Center, M.D. Anderson Hospital & Tumor
Institute, 6723 Beriner Avenue, Houston (Texas 77030, USA ), 20 September 1978

Summary. Cells from a murine fibrosarcoma (FSa) have been grown in vitro as multicell tumor spheroids (MTS). The
growth rate of these MTS was determined. Following selected periods of growth, MTS were made into a single cell
suspension and separated on linear density gradients of Renografin. While only 1 population of cells was separated from
small spheroids (400 pm diameter), at least 3 subpopulations of tumor cells were separated and isolated from large

spheroids (800 pm in diameter).

Multicellular tumor spheroids (MTS) have been used suc-
cessfully as an in vitro model of tumor growth 3 MTS
retain inherent advantages of cell culture such as simplicity,
low cost, and environmental control while exhibiting cell-
to-cell contact®, chronically hypoxic cell populations® and
gompertzian growth patterns®. Grdina et al.” have shown
that density gradient centrifugation of cells separated from
a solid tumor isolates multiple bands of cells which show
biophysical as well as physiological differences. Density
separation of exponentially growing CHO cells show only
I density band while starved late stationary cultures have at

least 3 density populations. These changes suggest the
mfluence of cell environment on the banding patterns
obtained. The purpose of the present study was to deter-
mine density banding patterns in MTS during growth.

Materials and methods. A methylcholanthrene induced
murine fibrosarcoma (FSa) in C3H mice was used
throughout this study. In each experiment 4-6 tumors were
dissected and made into single cells by the method pre-
viously described by Grdina et al.>. MTS were grown using
the soft agar method described by Macpherson'®, Briefly,
approximately 10® FSa cells in 10 ml of Eagle’s Basal
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Fig. 1. Relative growth rate of fibrosarcoma (FSa) tumor cells
grown as multicellular tumor spheroids (MTS).
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Fig. 2. Density gradient centrifugation of FSa tumor cells separated
from MTS of 400 pm diameter (afier 2 days growth). Circles (@)
represent total cell recovery while triangles (A) represent SHTdR
labeled cell recovery per density increment.

Medium (EBM) were plated in stationary 100-mm plastic
Petri dishes that had a 2-3-mm base layer of 0.5% Nobel
agar in EBM. The MTS were allowed to grow at 37°C in a
water saturated atmosphere of 5% CO, and 95% air.

The growth rate of MTS was measured by transferring
individual spheroids into 16-mm wells (Co-star No.3524)
treated as described above. The MTS were sized daily with
a calibrated reticle in an inverted microscope. Spheroid size
relative to the day of transplanting was plotted against
time.

The density banding experiments were performed at 2 and
8 days after plating. MTS of similar sizes (approximate
diameter of 400 and 800 pm respectively) were labeled with
tritiated thymidine ("HTdR, 0.5 pCi/ml) for 30 min, then
cold thymidine was added to prevent further uptake of
label. The MTS were dissociated with 0.25% trypsin, the
cells counted and viability (94%) determined by phase
contrast microscopy. Approximately 107 cells were layered
on 14 ml preformed gradients (10-35% Renografin in
Ringers solution), centrifuged at 13,000 g for 30 min in a
swinging bucket rotor (Beckman L5-50, SW27.1 rotor) at
4°C. The entire gradient was fractionated into 1-ml sam-
ples. The refractive index (N,,) was determined for each
fraction and the depsity calculated using the formula p
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Fig. 3. Density gradient centrifugation of FSa tumor cells separated
from MTS of 800 pm diameter after 8 days growth. Circles (@)
represent total cell recovery while triangles (A) represent SHTdR
labeled cell recovery per density increment.

(g/cm®=3.4683%x N,,3.6267. The number of cells was
determined using a hemacytometer and phase contrast
microscope. The *HTdR uptake was determined using the
method described by Meistrich et al.!l. This involved
pipetting a known number of cells on GF/C glass fibre
filter paper, washing twice each with cold phosphate buf-
fered saline, 5% cold trichloracetic acid and 95% ethanol.
The filter paper was air-dried in liquid scintillation vials;
1 ml of NCS solubalizer was added and the vials were
allowed to stand overnight at room temperature. 10 ml of
scintillation cocktail were added and the samples counted
in a liquid scintillation counter. The data was presented as
per cent total cells and per cent total activity recovered per
density increment.

Results and Discussion. The growth curve for fibrosarcoma
tumor cells grown as multicellular spheroids is presented in
figure 1. The growth was exponential for the first 7 days
when the curve began to bend into a gompertzian type
function. The doubling time was about 3 days during early
MTS growth. The results were similar to those reported by
Yuhas'?

Isopycnic banding of FSa tumor cells derived from MTS
with an approximate diameter 400 pm (after 2 days growth)
are presented in figure 2. Only a single band of cells was
observed at a density of 1.13 g/cm? There is a slight but
perhaps significant indication of a band forming at 1.10
g/cm®. The *HTdR activity follows the cell recovery curve
indicating that under the conditions tested, the isolated cell
population is comprized mainly of proliferative cells.
Figure 3 presents data obtained from cells isolated from
spheroids with a diameter of about 800 pm (after 8 days
growth). Under these conditions 3 bands of cells are noted
at 1.06,1.11, and 1.13 g/cm?, respectively. The latter band is
identical to the one noted in small MTS. It appears that
2 less dense bands of cells were formed as the MTS
doubled in size. The *HTdR activity recovered follows only
the band formed at 1.13 g/cm® which indicates the less
dense cells may be out of the proliferative cell cycle.
Durand? utilized velocity sedimentation in isolating cell
subpopulations from exponential and plateau phase cells as
well as multicellular spheroids. Ng and Inch* using Ficoll
gradients found a single density band in EMT6 tumor cells
isolated from spheroids. We confirm these findings in small
spheroids but find 2 additional less dense bands appear
when spheroids are allowed to grow and reach diameters of
800 pm or more.
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A note on the mechanism of action of UV-irradiation of amphibian embryos

C.J. Duncan

Department of Zoology, University of Liverpool, P.O. Box 147, Liverpool L69 3BX (England), 2 October 1978

Summary. The actions on amphibian embryos of UV-irradiation, exposure to Li* or exposure to ouabain show interesting
parallels with their effects on spontaneous release at the presynaptic terminals of the nenromuscular junction. It is
suggested that these treatments serve to raise intracellular Ca** ([Ca®*]) in these examples, and that UV-promoted
abnormalities in embryogenesis are a consequence of changes in [Ca®*]; at critical stages in development.

Two treatments that are known to produce abnormal
development in amphibian embryos are exposure to UV-
irradiation or to salines containing high concentrations of
Lit.

Li* has a typical “vegetalising” action and produces charac-
teristic abnormalities in which the normal balance of cell
populations and the control of morphogenesis are dis-
turbed’. Li* presumably accumulates intracellularly and is
not readily removed by the cation pump? The way in
which Li* produces these effects is unknown, but biochem-
ical comparisons between experimental and control em-
bryos have shown several differences at the transcriptional
and translational level! and it is suggested that the delay in
cell differentiation of ectoderm is related to a lesion in the
mechanisms of gene expression®. Li* has also been impli-
cated in modifying cAMP levels via its inhibitory action on
adenylate cyclase® It may decrease the rate of cell division®
and it has been suggested that it causes sub-lethal cytolysis®.
We have now shown that intracellular accumulation of
Na*, produced by treating Xenopus embryos with ouabain,
the inhibitor of the cation pump, also causes abnormal
development?2

UV-irradiation of the vegetal hemisphere leads to abnor-
malities in neural morphogenesis’ and also to a complete
subsequent absence of primordial germ cells, although
primordial germ cells can be re-established if vegetal pole
cytoplasm is injected into the vegetal hemisphere of irra-
diated eggs®1% This action of UV-irradiation on the pri-
mordial germ cells has been of particular interest to em-
bryologists; it has been suggested that the target for UV-
irradiation is nucleic acid® or nucleoprotein!!. The initial
effect of UV-irradiation is an inhibition of cleavage, al-
though nuclear division continues so that a syncytium is
formed'"'2 This inhibition of cytokinesis by UV-irradia-
tion has also been shown in sea.urchin eggs, cultured
mammalian cells, protozoans and Drosophila eggs (see
Beal and Dixon!)).

There is an interesting parallel with the effects of these
treatments on the rate of spontaneous release of transmitter
at the amphibian neuromuscular junction, as measured by
the frequency of the miniature endplate potentials

(MEPPs). Exposure to Li* saline'*!5, or treatment with
ouabain!6-!® or UV-irradiation! all produce a marked rise
in MEPP frequency. There is good evidence that MEPP
frequency is determined primarily by [Ca2*]; at the presy-
naptic terminals?’, Thus, Li*-saline and ouabain both
promote a rise in intracellular alkali metal cations which, in
turn, causes a rise in [Ca?*]?"?? probably by release of
Ca’* from storage sites; both Na* and Li* have been
shown to cause a dramatic release of Ca?* from isolated
mitochondria??4, UV-irradiation at 255 nm (a wavelength
close to that used in many of the studies with amphibian
embryos) has been shown to act at a protein site essential
for Ca?*-binding on the inner face of crab axon?. It is
concluded that these treatments all serve to increase MEPP
frequency by raising [Ca?*], at the presynaptic terminals.
UV-irradiation of sea urchin eggs extends the time of the
increased Ca**-ATPase activity during the Ist part of the
cell cycle if the eggs are irradiated before fertilization.
Irradiation at 50 min after fertilization causes delay of the
2nd cell cycle and also extends the increased Ca2*-ATPase
activity of the 1st part of the 2nd cycle. The Ca?*-ATPase
itself, however, is not directly sensitive to UV-irradiation2,
It is therefore suggested that Li*-saline? and UV-irradia-
tion could both produce abnormalities in amphibian devel-
opment by causing, initially, a rise in [Ca®*]; in the em-
bryos. Thus, the level of [Ca?*]; produces a graded control
of junctional permeability in Chironomus salivary gland
cells, thereby providing a means of selective transmission of
intercellular molecular signals?’. Such an explanation
would be in accord with recent studies with the divalent
cation ionophore A23187 which suggest that an experimen-
tally-induced rise in [Ca®*]; in X enopus embryos interferes
with normal, integrated cell division2 .
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