that periodic torpor (hibernation or
aestivation) occurs in this and other
species of the genus Perognathus as a
response to low ambient temperature
or absence of food. Tucker (5) re-
ported torpor can occur daily in P.
californicus when food supply is re-
duced. The amount of time in torpor
varied inversely with the quantity of
food available. Animals in the labora-
tory may undergo periodic torpor even
with an abundance of food and normal
ambient temperature (6).

During the period of our radiation
dose measurements wild P. formosus
were predominantly inactive and hence
apparently torpid only when environ-
mental temperatures were low. There
was no indication of a shortage of
food, even late in the year. The length-
ening periods of activity during succes-
sive months in spring may be a re-
sponse to increasing average tempera-
tures or to increasing food supply.
Since metabolic rate in these animals
varies greatly with activity, two similar
populations in two different years may
have vastly different energy require-
ments.

The labile body temperature and
metabolic rate in pocket mice is of
great importance to survival in an en-
vironment characterized by unpredict-
able growing seasons, by prolonged
drought, and by long periods of high
temperatures. All members of the genus
Perognathus that have been investi-
gated respond similarly to changing
environmental conditions, and these re-
sults may be relevant to the observed
survival of another species. Our trap-
ping records revealed surprisingly long
survival times for the smallest species,
P. longimembris, which as adults weigh
only 6 to 8 grams. Twenty-five marked
individuals survived between 3 and 5
years over a period of particularly se-
vere environmental conditions. These
observations suggest that increasing pe-
riods of torpor may prolong the life
span, although the total activity time
of these animals may remain un-
changed.

NorMAN R. FRENCH
BERNARDO G. Maza
ARNOLD P. ASCHWANDEN
- Laboratory of Nuclear Medicine
and Radiation Biology, University of
California School of Medicine,
Los Angeles
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Holomicrography: Transformation of Image

during Reconstruction a posteriori

Abstract. Holomicrographs recorded through a microscope contain a holo-
gram of the interior of the microscope, including the objective. During recon-,
struction of the microscopic image, modification of the aperture of the recon-
structed objective produces the same alteration in the reconstructed image that
would have occurred in the original image, if the actual objective had received
the same modification. By this means, a single event holographed by bright-field
microscopy may later be examined in reconstruction by dark-field, phase-con-

trast, or interference microscopy.

A diatom, Navicula lyra Ehr., was
holomicrographed (I) in light (wave-
length, 6328 A) from a Spectra-Physics
model 125 helium-neon c.w. gas laser.
The unmodified beam from the laser
was passed through a beam splitter,
reflected from a first-surface mirror
through an objective, [10 X, numerical
aperture (N.A.) 0.30] used as a con-

I\F

denser, through the specimen, and
through another objective (40 X N.A.
0.65) to the film plane of a 35-mm
camera body, holding Eastman Kodak
649-F spectrographic film. The refer-
ence beam arising at the beam splitter
was reflected obliquely from a first-
surface mirror, passed through a 20 X
objective at about the level of the view-
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Fig. 1. Diagram of holomicrographic recording system in plan view.
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Fig. 2. Plan view of apparatus arrangement for photographing reconstructed images.
The aperture plane designated is that of the reconstructed objective. With this aperture
unmodified, the reconstructed image photographed is similar in all significant aspects
to the original image available in the microscope at the time the hologram was recorded.
Modification of this aperture as described in the text and Fig. 3 transforms the image.
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Fig. 3. Virtual image of a diatom, Navicula lyra, reconstructed from the same holo-
micrograph at the same focus. (a) Unmodified reconstruction. The image is a faithful
reproduction of the original microscope image and shows the resolution expected from
the 0.65 N.A. objective illuminated with 6328 A coherent light. Spatial filtering of the
illuminating beam, not used in this experiment, would eliminate some of the background
noise. (b) Dark-field reconstruction. This image is formed by blocking the direct light
at the reconstructed objective aperture. (c) Spatial filtering. The fine image detail has
been removed by reducing the aperture of the reconstructed objective. For the example
shown, the objective image was masked with a heavily sooted glass plate with a small
clear aperture to pass the direct light. This figure shows that the aperture used was not
exactly coincident with the objective aperture, that it was not circular, that it contained
loose soot particles and that a simple pinhole would have been a more effective and
logical choice. (d) Bright-ground positive phase contrast. For this figure a lightly sooted
glass plate with a small clear aperture was used as a crude phase-retardation and
absorption plate to mask the reconstructed objective aperture. (e¢) Dark-ground negative
phase contrast. A small partially absorbing soot spot attenuated and retarded the direct
light at the reconstructed objective aperture. (f) Interference fringes. A small lenticular
wedge located at the reconstructed objective aperture divided the direct light into two
beams to produce the fringes at the image plane. The fringe deviations produced by
the specimen image are similar to those produced by the original specimen observed
with a Lietz interferometer microscope.
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ing objective, and impinged on the
plane of the film at an angle of about
19° to the specimen beam (Fig. 1).
The recording technique derives from
the Leith and Upatnieks (2) carrier-
wave method of holography and is
somewhat simplified from van Ligten’s
(3) technique of holomicrography. Re-
coil from the shutter in the camera
body tends to destroy the carrier re-
cording; best results were obtained with
exposures of V4 to Y2 second (4)
through a simple shutter, independent-
ly supported and interposed between
the laser and the beam splitter.

For reconstruction the laser beam
was focused by a 10X, 0.25 N.A. ob-
jective, and the point of focus was pro-
jected on the axis by a 7-inch (18-cm)
f2.5 field lens at about 1:1 magnifica-
tion. The holomicrogram was placed
close to the field lens and viewed at
about 19° to the illuminating axis.
Looking through the hologram as a
window, one sees—from one side of
the illuminating axis—the inside of the
camera body, as viewed from the film
plane, and a virtual image of the micro-
scopic specimen; toward the observer
from the hologram is a real image of
the objective aperture. The view from
the other side of the illuminating axis,
or from the same side with the holo-
micrograph reverted right to left, re-
veals a real image of the specimen and
of the inside of the camera (turned in-
side out); and on the far side of the
hologram there is a virtual image of
the objective.

Viewing the virtual image of the
specimen through a long-focus lens on
a single-lens reflex camera, with the
lens just distal to the aerial image of
the microscope objective, sets the con-
ditions for image conversion (see Fig.
2).

With the system arranged as de-
scribed, the aerial image of the objective
aperture may be modified, and the result-
ing image may be photographed. Figure
3a shows the unmodified image recon-
structed from the holograph. Figure
3b shows the “central-stop” dark-field
image that results from blocking the
zero order or direct light at the aper-
ture image while passing the diffracted
light. Figure 3c shows the spatial filter-
ing that results from blocking most of
the diffracted light by passing the direct
light through a mask that was approxi-
mately the reciprocal of the dark-field
mask. Figure 3d shows a crude form
of phase-contrast image produced by
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passing the zero order through a cleared
spot on a lightly sooted plate. The soot
layer served to retard and partially ab-
sorb the diffracted light with respect
to the zero order resulting in bright-
ground positive phase contrast. Figure
3e shows the dark-ground negative phase
contrast image that results from passing
the direct light through an absorbing
and retarded layer while leaving the
diffracted light unchanged. Figure 3f re-
sults from passing part of the direct
light through a shallow lenticular wedge
and illustrates a simple form of inter-
ference microscopy. This figure clearly
illustrates that both phase and ampli-
tude information are present in the
reconstructed image.

Although not specifically tested in
this study, it is obvious from the results
shown, particularly Fig. 3f, that con-
ventional double-beam interferometry
could be performed during reconstruc-
tion as Horman (5) has suggested. Fur-
thermore, Lohman’s (6) proposal for
the use of an additional reference beam,
polarized normal to the first, would
permit recording the polarization state
of the wavefront to make possible
retroactive polarization microscopy.

GorDON W. ELLIS*
Department of Anatomy and Cytology,
Dartmouth Medical School,
Hanover, New Hampshire 03755
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Evidence from Cultured Leucocytes

of Blood Cell Chimerism in Ex-Parabiotic Frogs

Abstract. Postmetamorphic diploid and triploid frogs that had earlier been
joined in parabiotic union from embryonic life until metamorphosis were each
found to be chimeric with respect to their blood cells, as revealed in chromo-
some preparations of cultured leucocytes. Blood cells precursors most likely were
interchanged when the ex-parabionts shared a common circulation in embryonic
life, and the exchanged precursor cells apparently homed in the hematopoietic
tissues of the hosts. The tolerance which exparabiotic pairs of frogs exhibit toward
grafts of each other’s skin is attributable to the blood cell chimerism.

Owen’s far-reaching finding two dec-
ades ago (/) that dizygotic, or two
egg, cattle twins are genetically chimeric
with respect to their red blood cells is
now a familiar fact. Each member of
a pair possesses not only its own anti-
genically distinct kind of erythrocyte,
but also the antigenic type of its twin.
The erythrocyte chimerism is traceable
back to events in fetal life. The
anastomosis of placental vessels per-
mits the reciprocal exchange of pri-
mordial blood cells, and the translocat-
ed embryonal blood-forming cells es-
tablish themselves in the hematopoietic
tissues of the hosts. The erythrocyte
chimerism is accompanied by a state of
specific immunologic unresponsiveness,
or tolerance. A chimeric calf accepts
homografts of skin from its co-twin
(2), although the tolerance to skin
homografts may not necessarily be
permanent (3).

The natural twinning in cattle can
be duplicated experimentally in orga-
nisms that lend themselves readily to
microsurgical manipulations in early de-
velopment. One such organism is the
leopard frog, Rana pipiens, the subject
of many classical studies in experi-
mental embryology. In recent years, in-
terest in embryonic tissue transplanta-
tion and embryonal parabiosis in the
frog has been renewed from the stand-
point of modern immunological con-
cepts (4, 5). Embryos of the leopard
frog joined in parabiosis become sep-
arated from each other during their
metamorphosis into juvenile frogs. Post-
metamorphic ex-parabiotic frogs are
highly tolerant of skin grafts from their
former partners (5).

The mutual acceptance of skin homo-
grafts by ex-parabiotic pairs of frogs
renders it likely that the copartners are
blood cell chimeras. Heretofore, this
has remained more an article of faith
than actual demonstration. The pur-
pose of this report is to present evi-
dence that the ex-parabiotic frogs do

contain a mixed population of blood
cells.

The problem was approached by
bringing into play two experimental
procedures that are ideally applicable
to the leopard frog, namely, the induc-
tion of triploidy and the in vitro cultiva-
tion of leucocytes of peripheral blood.
Triploidy was induced by pressure treat-
ment, after the method of Dasgupta
(6). We support Dasgupta’s findings of
a high incidence of triploidy (as high
as 85 percent) when the eggs, 5 min-
utes after insemination, are subjected
to hydrostatic pressure of 5000 1b/in.?
(350 kg/cm?) for 6 minutes. A triploid
embryo is distinguishable in early de-
velopment on the basis of size and
spacing of lightly pigmented cells of
the head ectoderm (7).

Embryos were joined in parabiosis
at the tail bud stage of development

Fig. 1. Postoperative dorsal (a) and ven-
tral (b) views of two embryos in tail bud
development (68 hours after fertilization
at 20°C) joined in parabiosis in the
region of the gill primordium. The con-
nection between the parabionts becomes
severed during the closing stages of meta-
morphosis (c). (In this particular case, the
paired members are nonspotted or burnsi
frogs, well-known pattern mutants of the
common-spotted leopard frog.)

1197



