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Electron Microscopy of
Living Insects

Abstract. Electron micrographs of
living specimens of the various devel-
opmental stages of the insect Tribolium
confusum have been obtained with a
scanning electron microscope. In most
cases the specimens resumed their nor-
mal activity after being examined with
the electron microscope and under-
went metamorphosis into the next stage.

Successful electron microscopy of liv-
ing material must overcome the ef-
fects of the vacuum and of the elec-
tron beam on the specimen. Most stud-
ies have concentrated on mitigating
the effect of vacuum (7). We report
some results obtained using a scanning
electron microscope (2), in which the
electron current is very much lower
than that in the conventional electron
microscope (3).

Table 1. Survival of Tribolium after ex-

posure to a pressure of 10-* torr for 30

minutes.

Develop- Speci- Sur-
mental mens vived
stage (No.) (No.)
Eggs 78 56%
Larvae 30 30
Pupae 30 30
Adults 30 30

* Represents the approximate hatch rate of con-
trol eggs.

Table 2. Survival of Tribolium after ex-
posure in the scanning electron microscope.

Develop- Speci- Sur-
mental mens vived
stage (No.) (No.)
Eggs 6 3*
Larvae 2 2
Pupae 4 4
Adults 2 11

* Represents the approximate hatch rate of con-
trol eggs. t The adult that died suffered pro-
longed (50 minutes) exposure to the electron
beam. Leg motion was observed in this animal
after exposure. Although exposure to scanning
electron microscopy did not prevent the insects
from passi through suc ive stages of devel-
opment, latest observations on these animals two
months after exposure suggest that adult life-
time is significantly shortened.
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The initial search was for specimens
capable of surviving a vacuum; a pre-
vious report that a beetle had ap-
parently survived being placed in a
vacuum did not identify the species
(4). The criterion for “survival” was
that the specimen be able to pass into
the next stage of development with
normal appearance and activity.

We used Tribolium confusum, a
small beetle that normally lives in a
dry environment and whose behavior
and appearance are well documented.
Radiobiological studies of this particu-
lar insect have been carried out for
some years at this laboratory (5). Sam-
ples of the eggs, larvae, pupae, and
adults were kept for 30 minutes in a
chamber evacuated to a pressure of
10—3 torr (Table 1). All developmental
stages of Tribolium can survive this
vacuum.

Samples of eggs, larvae, pupae, and
adults of Tribolium were viewed with
the scanning electron microscope. The
periods of exposure to the vacuum var-
ied from 2 minutes to 1 hour; the
periods of exposure to the electron
beam were of the same order. The
electron current varied from 2 X 10—11
to 2 X 10—10 amp, and the electron
energy was 25 kev. Living Tribolium
in all four stages can be observed
in the scanning electron microscope
(Table 2).

Although the highest magnification
shown in the micrographs is only 670
times, there is no reason why the full
resolution of the scanning electron
microscope should not be used if neces-
sary—that is, a useful magnification
of 20,000 times (3). In our experi-
ments, the specimen was placed far-
ther from the final lens so that an
area large enough to show the whole
insect could be scanned; this resulted
in poorer resolution. Even so, the depth
of focus shown in these micrographs
is greater than that which could be
attained in a light microscope.

Consider the density of radiation
at the surface of a specimen when
irradiated by a -stationary electron
beam with a current of 10—11 amp, en-
ergy of 25 kev, and a small diameter.
The range in carbon of electrons hav-
ing this energy is about 10—3 cm (6),
and x-ray production is negligible. One
can calculate the energy dissipated per
unit volume assuming that the energy
is dissipated uniformly in a hemisphere
with a radius of 10—3 cm (that is, with
a volume of 2 X 10—? cm3); hence
the power dissipated is about 100 watts

cm—3. This represents a dose rate of
107 rad/sec or about 1 percent of the
dose estimated for a specimen in the
standard, transmission, electron micro-
scope (7).

If the beam scans an area of 1
mm? (corresponding to a magnifica-
tion of 100 times), then the power
per cubic centimeter is reduced to

Fig. 1. Scanning electron micrograph of
entire living pupa of Tribolium confusum
(X 15). This picture demonstrates the
very large field of view which can be

- studied with the scanning electron micro-

scope.

Fig. 2. Scanning electron micrograph of
the head of a living adult Tribolium con-
fusum (X 109). One antenna, one eye,
mouth parts, and many other details
are clearly visible owing to the large
depth of field.

Fig. 3. Scanning electron micrograph of
the end of the mandible of a living adult
Tribolium confusum (X 436). The “papil-
lae” are clearly visible; the eye is partly
visible in the background.
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about 2.5 X 10—2 watts cm—3. If the
magnification is raised to 10,000 times,
then the area scanned is about 10—¢
cm?, and the value of power per unit
volume increases to approximately that
for a stationary beam. Although these
dose rates are quite large, only the
outer 10—3 cm of the specimen is sig-
nificantly irradiated.

Consider now the thermal effect of
an electron beam current (energy of
25 kev) scanning an area of 10—¢ cm?2;
if this area is (for mathematical con-
venience) in the form of a concave
hemisphere of radius 5 X 10—3 cm,
one can calculate the steady state tem-
perature rise @ at this surface. If
the heat loss is solely by uniform
thermal conduction through the tissue,
then 6 can be expressed as

5 -3
) }jfo X 10
‘ aJ ® 27 x*

where P is the beam power, ¢ is the
thermal conductivity of the tissue, and
x is the distance into the tissue. In
our case P is equal to 25 X 10—8 watt
and ¢ is equal to 20 X 10—% watt
cm—1 °C—1 [this is the value quoted
for wood (8); no figures were avail-
able for insect tissue]. Hence 6 is
equal to 0.005°C. This increase should
not be troublesome; the fact that the
increase is so small may be one rea-
son why scanning electron-micrographs
can be taken of living specimens, ap-

parently without serious effects caused
by electron irradiation.

The current or the energy of the
electron beam can be raised, and hence
it should be possible to study the bi-
ological effects of irradiation on se-
lected areas as small as 10—6 cm? in
living specimens of the various devel-
opmental stages of Tribolium.

R. F. W. PeAsE
Electronics Research Laboratory,
University of California, Berkeley
T. L. Haves
A. S. Camp
N. M. AMER
Donner Laboratory, Lawrence
Radiation Laboratory, University
of California, Berkeley 94720
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Establishment of Four Functional, Clonal Strains

of Animal Cells in Culture

Abstract. The single-cell plating technique was used to develop four clonal cell
lines that perform organ-specific functions after being serially cultured for pro-
longed periods. These strains include steroid-secreting Leydig cells, melanoma
cells that form pigment, and two strains from a hormone-secreting rat pituitary
tumor. One of the cell lines from the pituitary tumor secretes growth hormone,
while another line derived from the same tumor secretes a substance similar to

adrenocorticotropic hormone.

The loss of organ-specific function
is commonly observed in cultured
animal cells during serial propagation
(I). This loss has been ascribed to
(i) selective overgrowth by connective
tissue cells, (ii) a phenotypic change
in the cultured cells, or (iii) inade-
quate or harmful environmental con-
ditions (I). By wusing the single-cell
plating technique to eliminate the pos-
sibility of selective overgrowth, we
have established four new clonal cell
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strains. Even after having been con-
tinuously cultured serially for a peri-
od of up to 1 year, each cell line
performs at least one of the major
organ-specific functions of the tissue
from which it was derived.

Cultures were established by the
method of alternate culture and ani-
mal passage (2). Primary cultures were
made from three transplantable animal
tumors that retain differentiated func-
tion after serial transfer in animals:

(i) a rat pituitary gland tumor,
MtT/W5 (3); (i) a tumor of Leydig
cells from mouse testicle (4); and (iii)
a mouse melanoma (5). After short
periods (3 to 10 days) in culture, the
surviving cells from each type of tumor
were harvested and injected into ap-
propriate host animals. In this way
new tumors were obtained, and these,
in turn, were placed in culture. This
process was repeated from three to six
times with each tumor. As Buonassisi
et al. had previously shown for ad-
renal tumor cells (2), these new cul-
ture-derived tumors also had an en-
hanced ability to survive and grow
in vitro. The rationale for this ap-
proach is that the initial culture peri-
ods select for cells that can with-
stand the conditions of culture. A fur-
ther advantage of this method is that it
does not select for supporting tissue
cells, which usually overgrow the de-
sired cell type. Since the connective
tissue - cells are not malignant, they
would not be expected to survive graft-
ing and would not contribute to a
new tumor. Cultures were grown in
plastic petri dishes (60 by 15 mm) and
incubated at 37°C in a humidified at-
mosphere of 5 percent CO, and 95
percent air. Synthetic medium F10
(6) was supplemented with 15 per-
cent horse serum and 2.5 percent fetal
calf serum. The cells were recovered
for subculture (at 2-week intervals) by
being incubated in 0.1 percent Viokase
solution in phosphate-buffered saline
for 5 to 10 minutes at 37°C (7).
Single-cell platings, without feeder lay-
er, were made from each of the cul-
tures by the method of Puck, Marcus,
and Ciecura (8). Stainless steel cylin-
ders were used for the isolation of
individual colonies. The isolated colo-
nies were detached and dispersed into
single cells with Viokase solution. The
dispersed cells were counted, serially
diluted, and distributed in individual
petri dishes. Plating efficiencies of 5
to 10 percent were regularly obtained.
Original clonal strains were recloned,
in some instances more than three
times, and no morphological or func-
tional differences between the parent
and derived clonal strains were seen.

We determined differentiated func-
tion of each clonal cell line by examin-
ing the cells or the culture medium
for a product characteristic of the tis-
sue from which the cells were de-
rived. We tested the medium from the
cultures of pituitary cells for adreno-
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