The plates were dried at 105°C for 15
minutes.

Samples were streaked in 10-ul quan-
tities so that a narrow band about 30
mm wide formed at 25 mm from one
edge of the plate.

Sodium formate buffer, pH 3.4, ionic
strength 0.1, was used to separate the
four mononucleotides. The glass plate
was dipped into the buffer except for
the region to which the nucleotide band
had been applied. Two paper wicks
were placed at the ends of the wet
plate and held in place by a second
glass placed over the first. The buffer
was applied to the wicks and flowed
by capillary action over the region of
the plate containing the nucleotide
band. The two plates and wicks were
placed in the electrophoresis chamber
with the wicks extending into the buffer
which was covered with Varsol to cool
the plates during electrophoresis.

The four compounds were resolved
in 75 minutes when a potential differ-
ence of 450 volts was applied across
the plate (Fig. 1). With a formate
buffer at pH 3.1, guanylic acid and
uridylic acid were separated from each
other and the other nucleotides in 50
minutes. These times are comparable
to those obtained with high-voltage
(3000 volts) paper electrophoresis,
which requires an expensive power
supply. Complete resolution of these
compounds with a potential difference
of 450 volts takes 10 to 20 hours with
ordinary paper electrophoresis (7, 8).
Another advantage of the thin-layer
method is that the thickness of the
layer can be continuously varied to
suit the amount of the sample.

After drying the layers, the bands
were located with a Mineralight UV
lamp and removed from the plate with
a razor blade. The thin roll of cellulose
obtained was placed in a small conical
centrifuge tube to which 2.0 ml of
0.05M tris-HC1 buffer, pH 7.2 was
added. The centrifuge tube was placed
in a bath at 50°C and shaken vigorous-
ly several times. After 10 minutes the
cellulose was removed by centrifuga-
tion and the supernatant was filtered
through Schleicher and Schuell No.
589 Blue Ribbon filter paper. The
bands were then identified by their
ultraviolet spectrum.

FrRANK M. DEFILIPPES
Laboratory of Biology of Viruses,
National Institute of Allergy and
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Bethesda, Maryland 20014
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Development of Mouse Eggs in
Diffusion Chambers

Abstract. Mouse eggs in intraperi-
toneal diffusion chambers continued
normal development up to the stage of
implantation, and shedding of the zona
pellucida occurred. At the time corre-
sponding to implantation within the
uterus, eggs attached to the Millipore
surface, where both embryonic and
trophoblastic cell populations devel-
oped. There was migration of cells,
especially of trophoblastic giant cells,
away from the point of egg attachment.
Egg development was not influenced by
the endocrine state of the host.

Studies in vivo on the development
of early mouse eggs in extrauterine lo-
cations have met with only limited suc-
cess (I, 2). In vitro, mouse eggs have
never been cultured beyond the blasto-
cyst stage. Since the advantages of tech-
niques used in vivo and in vitro can be
combined in the diffusion chamber (3),
the idea that the chamber might allow
even further development of mouse
eggs was tested.

Usually one, but up to eight eggs
were placed in 0.1-ml Lucite diffusion
chambers of drum shape, bounded by
cell-impermeable Millipore filters (pore
size, 0.45 u). The sealed chambers were
placed in the peritoneal cavity of male
mice, and pregnant and nonpregnant
female mice. Peritoneal fluid soon dis-
placed the original chamber medium,
which consisted of equal volumes of
calf serum and 0.9 percent NaCl solu-
tion. After 1 to 27 days, studies were
made of the eggs and the cellular deriv-
atives of eggs attached to the filters
(see Figs. 1 and 2), the contents of the
chamber fluid, and the contents of the
fibrin clot (Fig. 3) formed after 1 day
in the chamber cavity. The clot formed
after 1 day in control chambers was

also studied, and was uniformly acel-
lular.

At least one egg continued develop-
ment in nine out of 19 chambers into
which eggs were placed at the 2-cell
stage (1%2 days after fertilization) and
in all 30 chambers that received eggs
at the 8- to 16-cell and early blastocyst
stages (2% days and 3% days). The
older stages also develop better in vitro
(4). However, among eggs that did de-
velop in the chambers, there was no
systematic difference in development
according to whether the eggs had been
transferred at an early or late stage.
The interpretation is that the 2-cell eggs
which did develop became normal
blastocysts in the chamber cavity, and
thus exhibited the same subsequent be-
havior as those eggs introduced directly
at the blastocyst stage.

When the developing egg reached the
late blastocyst stage, it attached to the
filter surface. This attachment is con-
sidered analogous to egg implantation
within the uterus, because of both the
chronology and the morphology of the
attachment. Implantation in the mouse
occurs on the S5th day of pregnancy (5),
and in chambers containing either orig-
inally 2-cell eggs or later stages, at-
tached eggs were on the Millipore
surface on the 5th day after fertiliza-
tion, but never before this time. Unlike
the uterus, the Millipore filter provides
an impenetrable barrier to vertical in-
vasion by eggs, and thus implantation
must be transcribed into two dimensions
on the filter surface. As in the uterus,
the peripheral cells of the attached egg
differentiated into trophoblastic giant
cells which migrated away from the

Fig. 1. Stained blastocyst attached to filter
surface after 4 days in chamber. The zona
pellucida no longer surrounds the egg.
The inner cell mass has escaped and
spread to the top and to the right. Tropho-
blastic giant cells surround the other side
of the egg, where the inner cell mass has
differentiated (gastrulated) into primitive
ectoderm and endoderm. (X 150)
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point of attachment. The inner cell
mass, destined in vivo to become the
embryo proper, sometimes differenti-
ated into primary germ layers before
becoming a population of migratory,
embryonic cells (Fig. 1).

In normal development of the mouse,
the zona pellucida disappears before
implantation (6). Similarly, in the dif-
fusion chamber, the zona was not pres-
ent around the eggs attached to the
filter surface. Thus, whatever the mech-
anism of zona pellucida loss may be, it
appears to be an intrinsic manifestation
of egg development, rather than a con-
sequence of the uterine environment
acting on the zona from the outside.

Of the 39 successful chambers, 30
were in males, 6 in nonpregnant fe-
males, and 3 in pregnant females. The
early development, attachment, and
continued development of the eggs was
not correlated with the endocrine state
of the hosts. Similarly, hormones have
no apparent effects on the development
of mouse eggs in other extrauterine
locations (/). Hormones do have a
critical effect on intrauterine egg devel-
opment, especially during and after im-
plantation (7).

The physical surface of the Millipore
filter may have been an important fac-
tor in the attachment and continued
development of the eggs, since mouse
eggs injected freely into the peritoneal
cavity show a very low rate of attach-
ment (2).

Trophoblastic giant cells made their
first appearance in the diffusion cham-
bers during the early stages of egg at-
tachment, surrounding the inner cell
mass (Fig. 1). Frequently, instead of
migrating across the filter surface, some
of the giant cells would remain
surrounding the inner cell mass at the
attachment site, causing the eventual
destruction of the inner cells by cytol-
ysis and phagocytosis. In such cases, no
derivatives of the inner cell mass de-
veloped.

In most chambers in which only one
egg was placed, trophoblastic giant cells
were present in large numbers on both
filter walls of the chamber. Probably,
some such cells were released from the
filter on which the egg attached, to
“metastasize” to the opposite side of
the chamber. Migration may have been
through both liquid and solid phases
(peritoneal transudate and fibrin clot).
In both phases, many giant cells were
usually found.

The trophoblastic giant cells ranged
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Fig. 2. Trophoblastic giant cells of a
mouse blastocyst, after 12 days of cultiva-
tion in a Millipore diffusion chamber.
The cells are attached to the filter surface,
and have been fixed and stained. The
multiple nuclei probably result from nu-
clear budding. The largest cells can be
seen with unaided eye (diameters up to
400 u). (X 150)

greatly in size and shape (Fig. 2). This
variation increased as a function of
time, reaching a peak about 10 days
after egg attachment. The giant cells
were often large enough to be seen with
the unaided eye (diameters up to 400 p).
Despite their wide variation in mor-
phological appearance, trophoblastic
giant cells could always be easily dis-
tinguished from derivatives of the inner
cell mass. Most giant cells separated
from the filters by the 15th day after

Fig. 3. Blastocyst after 27 days of cultiva-
tion. Stained section showing structure of
teratoma growing in chamber cavity.
Center composed of mesenchymatous
spindle cells. Acellular rim covered by
epithelioid round cells. (X 150)

~ fertilization,

and floated in various
stages of autolysis in the chamber fluid.
Survival in the fibrin clot was longer.

As in vivo, trophoblastic giant cells
had no mitotic figures, and nuclei were
observed in different stages of budding.
Multinucleate cells were also present
(Fig. 2), and probably resulted from
nuclear divisions that were not followed
by cytoplasmic division, but it is also
conceivable that some giant cells phag-
ocytized or fused with each other.

In those cases where the inner cell
mass was not completely surrounded
by giant cells at the attachment site, the
embryonic cells spread across the filter
surface (upper right of Fig. 1). The
time of attachment coincided with the
initiation of the spread, suggesting that
early embryonic cells need not “condi-
tion” themselves to a new environment,
as do adult cells in tissue culture (8).
Apparently, all the cells of the inner
mass that were not trapped by giant
cells took part in this migration. Thus,
at least in this situation, the culture
does not result from the selection of a
few cells among many, as predicted by
the “selection hypothesis” of culture
initiation (9).

The embryonic cells in the chambers
exhibited contact guidance along fibrin
bands, and contact inhibition between
fibroblastic monolayers. Total contact
inhibition is much more readily formed
in a two-dimensional system (/0), which
explains the high frequency of fibro-
blastic monolayers on the Millipore
surface. In contrast to fibroblastic cells,
epithelioid cells increase the area of
intercellular contact after random as-
sociation (717). Many aggregations of
epithelioid cells in close contact were
on the filters. In early cultures, some
groups of embryonic cells were neither
clearly fibroblastic nor epithelioid, stress-
ing the gradual emergence of even such
basic markers of differentiation as these.

As in tissue culture, cellular differen-
tiation and cellular contact were cor-
related in the chambers. Isolated cells
on the filter surface remained morpho-
logically nonspecific, and often degen-
erated. Cellular contact on a local basis
led to the formation of new cell types,
as well as gland-like, circular clusters
of cells. With aggregations of many
cells on the filter surface, involving
more contacts, vacuolated cells were
extruded from the tissue margin in a
fashion analogous to cornification in
the skin. However, there was no or-
ganogenesis.
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The highest level of differentiation
was present in the fibrin clot in the
chamber cavity, where three-dimen-
sional interaction was possible (Fig. 3).
This teratoma represented the end-stage
of a process noted in other chambers,
where embryonic cells often colonized
various regions of the fibrin. In the
presence of adequate cell numbers and
contacts, the inherent tendency for em-
bryonic cells to associate at a high
level of integration was expressed here,
even in an entirely abnormal fashion.

DaAviID LYMAN BRYSON
Department of Graduate Studies,
Rockefeller Institute, New York
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Lactate Dehydrogenase in Pigeon
Testes: Genetic Control by
Three Loci

Abstract. Homogenates of pigeon
testes show three types of lactate dehy-
drogenase isozyme patterns. Recombi-
nation of the polypeptide subunits of
the dehydrogenase in mixtures of the
different types, and the distribution of
the three isozyme patterns in six differ-
ent pigeon populations demonstrated
that lactate dehydrogenase synthesis in
pigeon testes is under the control of
three distinct loci, A, B, and C.

By the method of starch-gel electro-
phoresis five distinct types (isozymes)
of lactate dehydrogenase (LDH) have
been separated and identified in most
mammalian and avian tissues (Z). In-
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formation currently available (2) indi-
cates that each isozyme is a tetramer
formed by association of two polypep-
tides, A and B. Thus isozymes 1 to 5 have
the following polypeptide compositions:
AoB:, AiB:, A:B:, A:B:, A:Bo. The syn-
thesis of each of the polypeptides, A
and B, appears to be under the control
of two separate genetic loci (3), so that
the isozyme composition of any tissue
depends on the relative activity of the
genes at these loci.

Electrophoresis of testicular homog-
enates from several mature animals re-
vealed one or more unusual LDH iso-
zymes (“band X”), suggesting that a
third genetic locus contributed to the
synthesis of LDH isozymes in mature
testes (4). Further evidence for this
additional genetic locus has been ob-
tained by studying the LDH isozymes
in homogenates of pigeon testes.

We used racing homer pigeons,
White Carneau and Silver King pi-
geons, and wild park pigeons (5). All
of the birds were delivered to the lab-
oratory, killed by decapitation, and dis-
sected to determine sex and maturity.
Most of the racing homer pigeons were
males, whereas the wild population
comprised approximately equal num-
bers of males and females. Testes and
several other tissues from the males
were frozen immediately after dissec-
tion, and enzyme studies were carried
out within 2 weeks. The electrophoresis
patterns of fresh and frozen tissues
were the same. Methods for prepara-
tion and electrophoresis of tissue ho-
mogenates, localization of LDH iso-
zymes in starch gel, dissociation and
recombination of LDH polypeptide
subunits, and determination of total
LDH activity were similar to those
previously described (4).

As shown in Fig. 1, homogenates of
pigeon testes exhibited three different
patterns of isozymes when lactate was
used as substrate. Type I showed seven
isozymes, including two new ones (des-
ignated “X”), type II showed a total
of eight, and type III showed four.
The bimodal distribution of activity
among the isozyme bands in the type
II pattern suggested the presence of a
second isozymic group whose first two
members were superimposed on LDH-
4 and LDH-5. .

This interpretation was supported
by studies with a-hydroxybutyrate
as substrate (4, 6). Two of the
bands in type I, five in type II, and one
in type III (all designated “X” in Fig.

1) exhibited higher catalytic activity
with this substrate than did the usual
five isozymes. When a-hydroxybutyrate
was substituted for lactate in the reac-
tion mixture, LDH-1, -2, and -3 in
testes, as well as LDH-4 and -5 in tis-
sues containing large amounts of these
isozymes, were barely visible.

In order to investigate the polypep-
tide composition of the “band X” com-
plex in pigeon testes, various combina-
tions of types I, II, and III testicular
homogenates were treated with 0.5M
sodium chloride and 0.1M phosphate
and frozen for 24 hours prior to clec-
trophoresis. This method was first used
by Markert (7) to dissociate the poly-
peptide subunits of the usual five iso-
zymes. After dissociation and random
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Fig. 1. Lactate dehydrogenase isozymes in
mature testes from types I, II, and III
pigeons. A, Enzymatic activity with 0.5M
lactate; B, activity with 0.5M ao-hydroxy-
butyrate; and C, activity with 0.5M «-hy-
droxyvalerate. The homogenates were elec-
trophoresed simultaneously in the same
starch gel, and the conditions for localizing
LDH activity, except for substrate used,
were identical,
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