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INTRODUCTION

A . Nucleic acids of cytoplasmic and yolk origin
The problem of elucidating the genetic control 

mechanism of developing organisms is extremely- 
interesting to the developmental biologist. Our 
current knowledge of genetic control tells us that 
hereditary information is coded primarily into nuclear 
DNA, characteristic differentiated phenotypes being 
expressed through selective read-out of particular 
loci of the DNA helices. But this information has 
not solved the central problem of the control of 
development even though the Jacob and Monod [1] theories 
have explained many of the details of gene action.
The long standing paradox of DNA constancy vs.speci
ficity of gene products still remains unresolved.
Even if one takes the view that specific steps in 
development are dependent only on the synthesis of 
specific structural and non-structural proteins with 
all else being spontaneous processes [2], one is still 
faced with the problem of differential initiation 
of protein synthesis with a common code at its base.

In light of very recent work, it has become evident 
that a possibility for the control mechanism of early 
development is that the information governing early
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cellular activity is both nuclear and cytoplasmic; that 
the most important informational nucleic acid is long 
lived RNA or DNA, layed down in the cytoplasm of the 
oocyte by maternal follicle cells. These information
al units could, after fertilization , act either as 
templates to directly control synthesis and thereby 
control morphogenetic activity or indirectly as 
templates for derepressors for the nuclear genome.
A variation in either the spatial distribution or in 
the biological half-life of various species of the 
cytoplasmic nucleic acids would be sufficient to 
explain temporal sequences of developmental changes.
For a more complete discussion of this hypothesis the 
reader is directed to Scarano and Augusti-Tocco's 
review [3].

Evidence for the role of cytoplasmic nucleic 
acids in early development comes primarily from 
studies on Amphibians, Echinoderms, and certain 
Gastropods. For excellant reviews see those of 
Brachet [4] and of Spirin [5]. Particularly important 
evidence includes:
1. Sea-urchin eggs contain an excess of DNA and no 
net synthesis of DNA is detectable before they have 
reached the 16 cell stage [6]. Excess DNA is 
located in the cytoplasm and may constitute as much
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as 100 times the amount of DNA in the female pronucleus 
[7] .
2. The inhibition or complete cessation of mRNA 
synthesis by actinomycin does not lead to diminution
in protein synthesis throughout the cleavage stages and 
early blastula formation in the sea-urchin [8] as 
judged by uptake of radioactive precursors.
3. During cleavage and blastula stages actinomycin- 
treated sea-urchin embryos synthesize exactly the 
same set of soluble proteins as normal (control) 
embryos, as judged from gel electrophoresis fraction
ations [ 9 ] .
4. During the initial stages of development (cleavage 
stages) in sea-urchins actively synthesizing poly
ribosomes are programmed mainly with old, pre-existing 
mRNA as judged by temporal sequences of radioactive 
uridine uptake. Messenger RNA synthesized after 
fertilization is utilized only slightly in early 
protein synthesis [10].
5. In sea-urchin eggs, activation of the anucleate 
fragments is immediately followed by increased 
incorporation of uridine into RNA, and this process 
can be inhibited by actinomycin [7]. This evidence 
favors the hypothesis that early mRNA present in 
anucleate fragments might be synthesized on cytoplasmic
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DNA templates [4],
6. In Ilyanassa the ovarian egg contains about
32 times more DNA than the sperm. No DNA synthesis 
can be detected before the 25 cell stage. At that time, 
the DNA content is still 5 times that expected from 
the number of cells present as judged by diphenyl- 
amine reaction assay [11].
7. In Ilyanassa synthesis of rRNA and of DNA-like 
RNA (mRNA) does not begin until the time of the forma
tion of the organ primordia as judged by precursor 
uptake [12].
8. In Ilyanassa removal of the polar lobe exerts a 
delayed effect on gene action at the post gastrular 
stages [13]. "This effect is a derepression of gene 
activation; ie. the absence of some RNA synthesis
in lobeless embryos many hours after removal of the lobe 
...suggests the very important conclusion that gene 
activation (derepression) might be mediated by 
cytoplasmically localized materials [4, Jean Brachet]
9. Amphibian eggs contain an excess of DNA in reserve 
much greater than in even the sea-urchin egg. Centri
fugation experiments show that 70-80% of the total DNA 
sediments at low speed, together with the yolk platelets; 
most of the remaining DNA sediments at high speed [14].
10. Observation in Brachet's laboratory [4] "show that
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cytoplasmic DNA which can be stained with radioactive 
actinomycin (and which is apparently associated with 
the yolk platelets) disappears very slowly during 
development, at the same rate as the yolk platelets 
themselves".

It is important to point out that there is little 
evidence that these large reserves of cytoplasmic 
DNA are informationally active in the control of 
development. Many authors [15, 16] have postulated 
that yolk and cytoplasmic DNA are, instead, stored 
supplies of nuclear DNA precursors which are in actu
ality only random nucleotides strung together in 
polymers for convenience of storage. But one can 
safely say that large quantities of cytoplasmic nucleic 
acids are present in the eggs of those species studied 
and that these nucleic acids are clearly implicated 
in the early embryonic development of these animals.

B. Cytoplasmic nucleic acids and the Chick yolk sac
The avian embryo has never been studied in detail 

as to the influence of cytoplasmic nucleic acids in its 
early development, probably due to its extreme yolkiness 
at early stages. However, determinations of the 
amount of nucleic acids present in various parts of 
the developing chick egg have been performed by various
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researchers [17, 18, 19, 20, 21]. Although the subject 
of this study is the influence of nucleic acids of 
yolk origin on the development of the avian yolk sac, 
it is worth-while to first review the data concerning 
the embryo proper since this is where much of the atten
tion has been centered. Comparative values can be 
computed from data provided by Soloman (whose data 
are typical of those of the studies in reference) 
for DNA content of the embryo proper vs. that of the 
unincubated yolk1 with the results indicating that the 
yolk contains about 20 times the amount of DNA that is 
contained in an embryo proper that has been incubated 
35 hours, about 6 times that of the embryo proper after 
50 hours of incubation, and about an equal amount as 
that of the embryo after 72 hours. Considered with 
this is the evidence of Hoff-Jorgensen [19] that indi
cates that the amount of DNA in the whole egg does not 
increase during the first 3 days of incubation. It can 
therefore be concluded that during the first 3 days 
of growth, the blastoderm utilizes the yolk DNA rather 
than synthesizing de novo. But one might ask how it

1Note that there is no separate distinction 
made between yolk nucleic acids and cyto
plasmic nucleic acids since the yolk is 
essentially part of the cytoplasm of the 
oocyte. There is some controversy over 
whether white yolk appears morphologically 
similar to cytoplasm.
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is possible for the embryo to utilize such large 
quantities of DNA from the yolk in the first three days 
while only very small amount of the total yolk enters 
the embryo during this time. The answer may lay in 
the fact that the yolk sphere of the hen's egg is 
made up of concentric laminations of two kinds of yolk. 
At the surface of the sphere, adjacent to the vitelline 
membrane is a thin layer of white yolk. Under this 
layer lies the vast quantity of yellow yolk. Unfor
tunately none of the early workers attempted to separate 
the yolk they analysed into white and yellow fractions. 
The comparative figures for DNA content in yolk and 
embryo over the first three days of incubation could 
be explained if the major part of the yolk DNA was found 
to be in the white yolk layer. The reason for this 
conclusion will become more apparent in the discussion 
of the phagocytic activity of the advancing yolk sac 
during the first 3 days of incubation. For the present 
it will suffice to say that it is only the outermost 
layer of white yolk which comes into contact with the 
yolk sac tissue as it grows over the yolk sphere.

Directly pertaining to the question of the 
amount of DNA located in the white yolk was the work 
of Nancy Nolder [21] in this laboratory. By comparing
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values for the amount of DNA/cell found in the 
marginal ridge of the yolk sac to the amount of DNA 
in the white yolk, as judged by colorimetric assay 
(Stumpf) she concluded that the white yolk contained 
5 times as much DNA/ug as the cells of the developing 
yolk sac. But just as important is the fact that when 
her values for the DNA content of white yolk (2.6 x

_  O10 ug DNA/ug wet wt.) are compared with Emanuelsson's 
values for the DNA content of whole yolk (2.9 x 10“  ̂
ug DNA/ug wet wt.) it becomes apparent that the DNA con
tent of white yolk is about 1000 times higher than that 
of the yolk as a whole. A comparison of the relative 
volumes of the peripheral layer of white yolk to the 
volume of the yolk as a whole reveals that the white 
yolk constitutes about 0.5% of the total yolk volume.
One can conclude that most of the yolk DNA of the hen's 
egg is located in the peripheral white yolk. This 
conclusion leads us to the central hypothesis to be 
tested in the present study. Simply stated: cytoplasmic 
DNA of yolk origin is encountered by the marginal cells 
of the yolk sac and is utilized as genetically informa
tional material. Assuming that yolk DNA is in some 
manner picked up by the yolk sac cells it is of course 
possible that the cells do not utilize the DNA as masked
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informational units. They may utilize the nucleic 
acids as precursors for nuclear DNA as was mentioned 
above, or the cytoplasmic DNA may be stored in the 
yolk sac cells until the vascular network has developed 
and then transferred to the embryo proper. This hypo
thesis would be consistent with the temporal sequence 
of DNA metabolism and synthesis which has already been 
mentioned.

Early work by Schlesinger [22] tends to support 
the hypothesis. He found that when a small area of 
White yolk was displaced by stroking the vitelline 
membrane with a glass rod (thereby allowing yellow 
yolk to well up to the vitelline membrane where the 
white yolk is displaced) the marginal cells would not 
advance through the area without white yolk.
However, these results could be interpreted as 
demonstrating only that the marginal cells are 
unable to advance through the more viscous yellow yolk 
rather than being interpreted as indicating that 
the white yolk contains some unique nutrient.

There are a number of relatively uncomplicated 
approaches to testing the validity of the central 
hypothesis. Three were considered for experimentation. 
The first was treatment of yolk and/or yolk sac tissue
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with inhibitors of nucleic acid transcription and 
translation. The second was the culture of yolk sac 
tissue on two media, one containing white yolk, one 
not containing white yolk, using growth rate and mor
phological appearance as measures of development.
The third was the ultrastructure analysis of cultured 
and uncultured yolk sac tissue in an attempt to varify 
the occurrence of phagocytosis of white yolk and to 
further elucidate the fine structure of the tissue.

C . Morphological and physiological characteristics 
of the yolk sac
During the early development of the avian embryo 

the yolk sac forms from a sheet of tissue which moves 
out from the blastodisc under the vitelline membrane 
and by the fourth day, has almost encircled the yolk 
sphere. Several researchers in this laboratory [21,
22, 23, 24] and in others [18, 20, 25, 26, 27] have 
described this tissue's characteristic morphogenesis.
Of particular interest is the extreme distal edge 
(margin of overgrowth of the advancing cellular sheet). 
Predictable changes in cell size, numbers, rate of 
respiration, and rate of movement have been measured and 
shown to accompany normal development.

It has been convenient to choose four points in the 
development of the tissue at which to make measurements:
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24, 48, 72, and 96 hours of incubation (plate 1).
At 24 hours, the edge has advanced 18 degrees over the 
yolk sphere and is advancing at a rate of 6.5 sq mm/hr. 
At 48 hours the sheet covers 79 degrees and moves 
49.6 sq mm/hr; at 72 hours, 142 degrees and 71.0 sq 
mm/hr; and at 96 hours, 174 degrees and 13.0 sq mm/hr. 
[28]. It is noteworthy that at the rate of expansion 
observed at 72 hours the tissue is advancing at the 
remarkable rate of 50 to 150 cell diameters per hour.

Investigation with the light microscope reveals 
three distinct regions in the growing edge: Schlesinger 
divides them into A, B, and C (plate 2). Regions A 
and B correspond to the "margin of overgrowth" and 
region C corresponds to the "area vitellina externa" 
[25]. The distal edge, A, is composed of very large 
amoeboid cells which appear in time-lapse cinemato
graphy to pull the cells which succeed it over the 
yolk surface by actively grasping the underside of the 
vitelline membrane with long pseudopod-like extensions 
then contracting [29] (plate 3a). Bellairs and New 
have each done extensive studies on the growing edge 
[25, 26]. Regarding the A region cells New (1959) 
gives evidence that:
1. Blastoderm expansion is due in part to tension on 
the blastoderm created at the margin by the movement



PLATE 1
Photographs show the position of the 
yolk sac margin (arrows) at various 
stages of development. Tissues are 
stained with tétrazolium chloride 
(photographs courtesy of Dr. A. B. 
Schlesinger).
la top view of egg at 24 hours of 

incubation.
lb side view of egg at 48 hours of 

incubation showing early folds
(f) .

lc side view of egg at 72 hours of 
incubation with folds (f).
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Plate la

Plate lb



PLATE 2
Photomicrographs show typical morpho
logy of the yolk sac tissue. Arrow 
indicates the direction of movement of 
the advancing tissue.
2a whole mount preparation of A , B,

and C regions of a 72 hour marginal 
edge.

2b section of A, B, and C regions of 
a 48 hour marginal edge showing 
white yolk (y) and vitelline mem
brane (vm) .
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of the A cells.
2. Only the A region cells strongly adhere to the 
vitelline membrane.
3. The adhesion of the A cells to the vitelline mem
brane is due to structural affinity between the lower 
surface of the vitelline membrane (ie. the side facing 
the yolk) and the upper membrane of the A cells (ie. 
the membrane facing the vitelline membrane).
4. The blastoderm is sensitive to lines of tension
in the vitelline membrane and expands fastest along lines 
of greatest tension.
Bellairs has given evidence obtained from her electron 
microscopic study for the existence of microvilli 
extending from the upper surface of the A cells into 
the vitelline membrane. These projections probably 
explain the tenacious adherance of these cells to the 
vitelline membrane.

Immediately behind the amoeboid region is a ridge 
of cells, B, usually two to four layers deep and up to 
ten cells wide (plate 3b). In whole mount preparations 
(plate 2a) these cells are seen to be elongate along 
the axis parallel to the advancing margin, sometimes 
being spindle shaped. At the 24 hour stage this region 
is indistinct or absent; as the margin advances it 
becomes more evident and eventually at the 48 hour and



PLATE 3
Photomicrographs of sectioned 
marginal tissue.
3a A region cells showing long

pseudopod-like extensions (p), 
vitelline membrane (vm), white 
yolk (y), and albumen (al).

3b B region cells (marginal ridge) 
showing cell extensions into 
white yolk (e). Note rounded 
appearance of cell cross sections 
in this region.

3c C region cells showing squamous 
cell cross section of the cells 
in the monolayer and underlaying 
endodermal cells (en).
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later stages forms a true ridge of cells. There is 
some disagreement as to the significance of this region. 
New hints that this may be the most mitotically active 
region [26] and Schlesinger has observed large numbers 
of mitotic figures in this region in some preparations, 
but no detailed quantitative study has yet been per
formed. Bellairs indicates that the ultrastructure 
of these cells is similar to that of the C region cells.

The remainder of the area vitellina is made up of 
a regular monolayer of cells, C (plate 3c). These 
cells are generally thought to be the developing ecto
derm of the yolk sac and eventually differentiate 
into mature epithelium. Scattered endodermal cells are 
frequently seen underlaying them. In whole mount pre
parations (plate 2a) they appear rounder and somewhat 
larger than the B region cells. Their appearance in the 
24 hour preparation varies little from their appearance 
at later stages, the major variation being an increase 
in cell size between the 48 and 72 hour stages (in
crease in the depth of the cells). Cross sections 
(plate 3c) show that the C region cells are much wider 
and longer than they are deep. Also, the B cells are 
deeper than either the A or C region cells, appearing 
round in cross section rather than squamous [23].
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D . Ultrastructure of margin related to yolk sac 
development
Ruth Bellairs has observed an interesting inter

relationship between the different cell types of the mar
ginal tissue. It appears that there are specific cell 
membrane structures associated with yolk sac develop
ment. Manipulation of the tissue in any experimental 
procedure demonstrates that there is a particularly 
strong adhesion between cells. This is understandable 
since the A cells are constantly exerting tension on 
the cells of the two other regions due to amoeboid 
action. Previous studies indicate that the rate of 
movement of the A cells over the yolk surface varies 
greatly during the first four days of incubation [28].
The adhesive properties between the cells must therefore 
vary accordingly. One possible mechanism for the rapid 
and precisely controlled adhesion might be the mainte
nance of interconnecting cell extensions or specialized 
holdfasts between cells. Such a mechanism would allow 
for rapid adjustment of adhesion as tension increases 
or decreases. Bellairs found two types of structures 
that appear to perform this function. Interconnecting 
cell processes were found between cells of both B and 
C regions. Also in the ectoderm were found so called 
desmosomes, the incidence of which increased between
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one and two days of incubation. Desmosomes were not 
found in the area pellucida or in the early endodermal 
cells. She concludes that these structures function 
to firmly attach the cells to one another in areas 
of high tension.

In a separate study [30] Bellairs investigated the 
morphology of the yolk droplets associated with the 
blastoderm. She classified intracellular yolk droplets 
into three types: 1) type A; lipid drops plus lipo
protein fluid, surrounded by a unit membrane, 2) type B; 
mainly lipids, 3) complex; both proteins and lipo
proteins and characterized by possessing internal 
membranes. It was also found that both type A and 
complex droplets of the area opaca tend to show struc
tural changes, resembling digestion, at about 48 hours 
and sometimes exhibit changes as early as the primitive 
streak stage. The changes take place before vascular
ization and she reports finding both changed and 
unchanged yolk drops lying side by side in the same 
cell. "By the time the blood is circulating in the 
area vasculosa... the intracellular yolk drops show 
signs of extensive changes". These data fit our 
hypothesis well and also are consistent with the timetable 
of yolk nucleic acid metabolism. For example, if the 
major part of the yolk nucleic acids were located in
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complex drops, this may provide the order necessary 
for the sequential release of yolk nucleic acids; as 
the drop is digested, some parts of the drop will be 
physiologically involved before others due to the 
complex structure. This could conceivably be a 
controlling mechanism for the sequential events of 
development for the yolk sac.

E . Phagocytic activity at the margin
It is apparent that if yolk is utilized at all 

by the tissue, the cells must have a means of inges
ting it. In 1962 Bellairs and New [31] cultured 
blastoderms on medium containing colloidal gold and 
found gold particles within sectioned cells. Further 
results indicated that phagocytosis does occur primarily 
at the marginal region. But unfortunately their study 
was not detailed enough to describe the process complete
ly. It is still unknown which region of the margin 
is phagocytic and whether there is a transfer of yolk 
from amoeboid cell to the more "mature" cells of the 
yolk sac or a continuous pick up of yolk in all of the 
regions. Korn [32] using the electron microscope 
found that Acanthamoeba will phagocytize latex particles 
of only a limited range of sizes. Small particles are
accumulated at the membrane then phagocytized in one



23

package. It is not known whether this is true of the 
marginal tissue. In sectioned material yolk spheres 
of a wide range of sizes can be seen both within cells 
and in the yolk. A detailed study using Bellairs1 
technique with gold or perhaps Korn's technique with 
latex beads of a variety of sizes would indicate the 
mechanism of ingestion of yolk. Such a study might 
also shed light on the means by which the proliferation 
of the yolk sac cells takes place. If yolk droplets 
can be seen in cells of all three regions of the 
margin, A, B, and C , yet phagocytosis can be observed 
in only one region, it would be circumstantial evidence 
for this one region acting as a parent line of cells 
for the other two regions. This could conceivably be 
the case in the ridge region.

F . Inhibitors of nucleic acid transcription and 
translation
Actinomycin D has long been known to inhibit the 

synthesis of DNA-like RNA [11, 33, 34, 35, 36, 37] and 
has been used especially effectively in the study of 
cytoplasmic nucleic acid [38] and nucleic acid action 
in developing systems [8, 39]. At first glance it might 
be concluded that actinomycin D could be very useful 
in the present study since actinomycin D is an inhibitor 
of DNA read-out and our problem deals with the function



24

of DNA. Unfortunately there are complicating 
circumstances in the developing yolk sac system.
In particular, we are interested in probing the func
tion of only the cytoplasmic DNA of yolk origin. 
Therefore, in order to obtain definitive results some 
means would have to be devised for treating only this 
DNA while leaving the nuclear DNA untreated; ie. 
treating the white yolk with actinomycin D, then chasing 
the excess. Since a drastic manipulation of the system 
such as enucleation would destroy the tissue's 
characteristic morphology and developmental pattern, 
this kind of procedure would have limited value, and 
it might be added, would be technically difficult [29].

The problem could be greatly simplified if an 
inhibitor could be found which was specific for only 
genetically functional DNA (DNA in the process of 
synthesizing DNA-like RNA). Early blastoderms could 
simply be incubated in the presence of such an inhibitor 
which had been tagged with a radioactive isotope. An 
autoradiographic study then might reveal some conclu
sive results. Although there is much current litera
ture on the mode of action of the actinomycins [33, 40] 
there is apparently little information as to whether 
this antibiotic is specific for functional DNA.

There are relatively simple means available by
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which the specificity of actinomycin D could be tested. 
All that would be necessary would be a study in which 
cells known to contain genetically inactive DNA are 
treated with labelled actinomycin D. If label were 
subsequently found over the synthetically inactive 
cells, it would be a good indication that actinomycin 
D is non-specific, binding any DNA, functional or not. 
After a brief search of the literature it was discovered 
that mature nucleated chick erythrocytes are cells with 
exactly the sought characteristics [41]. Not only 
is their nuclear DNA synthetically inactive but also 
there is little RNA synthesis of any kind (as determined 
by 3H-uridine uptake). Also of advantage is the fact 
that white blood cells and immature erythrocytes found 
in chick blood are synthetically active and could be 
used as internal controls.

G . Restatement of the problem
In restatement of the problem then, we can ask:

1) Is the high concentrations of nucleic acids found
in peripheral white yolk necessary for normal development 
of the yolk sac?
2) Can Bellairs' evidence for the uptake of yolk by the 
marginal tissue be verified and expanded to indicate 
that nucleic acids assumed to be present in the white
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yolk is picked up by the cells and released at 
intervals consistent with the apparent decrease in 
yolk nucleic acids?
3) Does the mode of action of certain inhibitors of 
nucleic acid transcription and translation allow them 
to be used effectively in solving the above problems?
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MATERIALS AND METHODS

A. Inhibitor experiment
In order to test the specificity of actinomycin

D in binding functional DNA the following procedure
was used. Ten separately caged two-day post hatch
chicks were injected intraperitoneally with either 50 

3uc H-actinomycm D in 0.1 ml 50% ethanol (Schwarz 
BioResearch Inc., spec. act. 2.97 C/mM) or 37 uc 
uridine-5-3h in 0.1 ml sterile water (Schwarz Bio- 
Research Inc., spec. act. 20 C/mM). Two control 
chicks were injected with 0.1 ml sterile water.
(Doses were similar to those used by Cameron and 
Prescott [41].) The chicks exhibited normal behavior 
after injection until they were sacrificed several 
days after the experiment. At intervals of 0.5, 1,
2, and 4 hours blood samples were taken from each 
chick by clipping toes. Smears were made immediately, 
air dried, and fixed 3 min. in absolute methanol.
In the darkroom each slide was coated with Kodak 
NTB2 liquid emulsion according to standard procedures 
(appendix 3), dried, and sealed in a dry light-tight 
box. After an exposure period of 2 or 4 weeks, slides 
were developed in Kodak D-19 developer, stopped in 
hypo then stained with standard Giemsa for 45 min. or
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longer until satisfactory staining was accomplished. 
Finally, slides were air dried, coverslipped, and 
examined under the microscope. The number of silver 
grains over individual cells of the erythrocyte series 
was counted and recorded. Lucas and Jamroy's Atlas 
of Avian Hematology [42] was used as a reference 
in classification of cell types. Background grain 
counts based on an estimate of the average area over 
the various cells or each type were subtracted from 
the raw grain counts to obtain the corrected grain counts.

B. Tissue Culture
To test whether some component of white yolk 

(presumably nucleic acid) is essential for normal 
growth and development of the yolk sac, marginal 
tissue was cultured in vitro under three different 
conditions according to the following procedures.

White Leghorn eggs from a commercial hatchery 
which were stored at 12 ± 1 °C for no longer than 96 
hours before use, were incubated for 48 hours at 
37 ± 1 °C. After an egg had been cracked into a 
petri dish and the adherant albumen stripped away, 
two sections of the blastoderm were obtained for 
culture. A square piece of bibulous paper (Fisher)
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in which two oblong holes had. been cut was positioned 
on the vitelline membrane so that the marginal edge 
of the blastoderm was just visible through each hole 
near one end. With the paper firmly adherent to the 
vitelline membrane the membrane was cut around the 
perimeter of the paper and the square cut in half 
between the holes. The resulting pieces of blastoderm 
could then be removed from the egg with a pair of 
forceps and cultured separately. (plate 7, page 54)

1. One half on white yolk, one half on NCI:
In the first set of 30 preparations one half 

of each blastoderm was cultured in the presence of 
white yolk and the other half in the presence of a 
synthetic nutrient medium not containing nucleic acid. 
The white yolk cultures were prepared using sterile 
procedure by washing the blastoderm free of yellow 
yolk with chick Ringer (appendix 1) leaving the white 
yolk and tissue sheet attached to the vitelline 
membrane. (Preparations in which the tissue or 
white yolk became detached were discarded.) The 
preparations were placed tissue side up on the under
side of the top of a sterile Cooper dish (Falcon 
Plastics). The blastoderms can easily be handled 
since they are securely adherent to the bibulous paper.
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Surface tension holds the blastoderm to the top of 
the Cooper dish and the tissue is therefore sandwiched 
between the vitelline membrane and the under surface 
of the top of the Cooper dish (figure 1). Thick 
albumen drawn from the egg at the beginning of the 
procedure was next placed in the bottom of the dish 
and the top set in place. The culture was incubated 
for a period of 24 hours at 37 ± 1 °C in a moist 
atmosphere of 95% O2, 5% CO2. This 24 hours corresponds 
to the most active growth phase of the yolk sac tissue 
in vivo [28].

The other half of each blastoderm was prepared 
for culture on a nutrient medium in the same way as 
was the first half with the exception that a) the 
blastoderm was washed free of both yellow and white 
yolk (with care taken to prevent the detachment of 
the tissue), and b) nutrient medium replaced the 
thick albumen in the Cooper dish (figure 1). A 
National Cancer Institute (NCI) medium known to be 
conducive to the growth of chick tissue [43] was 
prepared for use by diluting 2-times-concentrated 
NCI with equal parts of 0.5% agar after which 10% 
fetal calf serum was added (appendix 2). These cultures 
will be refered to as NCI cultures. The viscosity



white yolk bibulous paper

- WHITE YOLK__PREPARATION

NCI MEDIUM PR EPARATIO N

v _ _________________________________________________________ _

____  albumen

ALBUMEN PREPARATION

Figure



32

of the thick albumen and the NCI medium was approx
imately the same as judged by timed flow observations. 
The NCI cultures were incubated under conditions 
identical to those under which the white yolk cultures 
were incubated.

2. One half on white yolk, one half on albumen:
In a second set of 12 blastoderms the first 

half was prepared for culture with white yolk as is 
outlined above. The second half was set up in the 
same manner as the NCI cultures except that thick 
albumen replaced the nutrient medium (figure 1).
This half, therefore, had no nutrient whatsoever except 
what yolk may have been stored intracellularly. These 
cultures will be referred to as albumen cultures.

The tissue culture experiment included essentially 
three different culture preparations; white yolk,
NCI without white yolk, and albumen without white yolk.

3. Measurement of growth rate:
The growth rate of the cultured tissues was used 

as an indication of the influence of white yolk on 
normal development of the yolk sac. Two means of 
determining growth rate were employed; these were a) 
expansion of the tissue sheet over the vitelline mem
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brane, and b) uptake of tritiated thymidine.
A photographic procedure was devised to determine 

the rate of expansion over the vitelline membrane.
The cultures were photographed immediately after 
preparation and at 4 hour intervals during the 24 hour 
culture period with a 35 mm single lens reflex SLR 
Hla Honeywell Pentax camera equiped with a Takumar- 
Macro 1:4/5Omm closeup lens and Honeywell Prox-o-lite 
Strobonar (ring type) electronic flash. Kodachrome II 
(K135, ASA 25) color film was used with the lens set 
at maximum focal length, f/22 f-stop, and "x" shutter 
syncronization. To maintain constant magnification 
of the image focusing was done by repositioning the 
camera via its rack and pinion support rather than 
adjusting lens focal length. A centimeter scale was 
photographed with each roll of film to insure constant 
focal length and to provide an absolute scale for 
expansion rate. The developed slides were projected 
at constant magnification onto a calibrated grid and 
expansion measured in terms of increase in surface 
area (square millimeters).

Rate of cell division was assumed to be propor
tional to rate of DNA synthesis which was measured 
in terms of uptake of tritiated thymidine. At the end
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of its 24 hour culture period each preparation was 
cultured for two hours in the presence of 3H-thymidine. 
This was accomplished by removing the tops of each 
Cooper dish (with the tissue still adhering to the 
under surface) and placing it in position over a bottom 
containing thin albumen and 0.1 uc/ml thymidine-methy1- 
3H (Schwarz BioResearch Inc., spec. act. 0.36 C/mM). 
After 2 hours on thymidine medium the blastoderms 
were removed from the culture dish, washed free from the 
vitelline membrane and any adhering albumen with dis- 
tilled water, and placed in dry, weighed scintillation 
vials. Tissues were dried overnight in an oven at 
100 °C, weighed, and prepared for liquid scintillation 
counting in the vials. Digestion was accomplished in 
1 ml Hydroxide of Hyamine (lOx, Packard) after which 
15 ml fluor (0.4% POP, 0.003% POPOP in toluene, Packard) 
was added. Counting was done at room temperature in a 
Nuclear Chicago liquid scintillation counter. Two 
control groups were treated identically to the experimen
tal groups, one on white yolk and the other of NCI, 
except that the final two hours of culture was 
on thin albumen without 3H-thymidine.
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C. Electron microscopic study
Three experimental groups were prepared for 

study with the electron microscope. 1) Forty-eight 
hour marginal edge tissue which had been cultured for 
an additional 24 hours under one of the conditions des
cribed in the previous section was prepared in order to 
investigate yolk digestion. 2) Forty eight-hour mar
ginal edge tissue which was washed free of all yolk then 
cultured for periods of 5, 15, and 30 minutes on a 
medium of 0.16% ferritin (2x crystalline cadmium 
free, Nutritional Biochemical Corp.) in NCI was pre
pared in an attempt to demonstrate phagocytic activity. 
3) Forty eight-hour marginal edge tissue taken 
directly from the egg, washed and fixed without further 
treatment was prepared as a control and to investigate 
the normal morphology.

Tissues were removed from the egg with the bibulous 
paper technique described earlier. (Satisfactory size 
bibulous paper rings were obtained by cutting concentric 
holes through a pad of paper with a #9 and a #4 cork 
borer). After the appropriate treatment, tissues were 
fixed in either Pease [44] or Karnovsky [45] formalde
hyde fixative (appendix 4 and 5) for 20 minutes followed 
by fixation in 1.25% osmium tetroxide in 0.2M s-col- 
lidine buffer for 20 minutes. After dehydration
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through 60, 70, 80, 95, and 100 percent ethanol, 
tissues were put through two changes of dry propy
lene oxide then one change of 50/50 propylene oxide- 
Epon 812 solution (appendix 6). Tissues were embedded 
in Epon 812 epoxy resin mixed in the proportions 
A + B, 7 : 3 with 2% DMP-30 accelerator (appendix 7) 
according to the procedure of Luft [46]. Tissues 
were sectioned with a diamond knife on a LKB ultra
microtome, stained with either lead or uranyl acetate 
and examined under an RCA EMU 3 F electron microscope.
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RESULTS

A . Inhibitor experiment
Four weeks exposure time of the autoradiographs 

was found to be the more suitable. Adequate numbers 
of silver grains were seen over the active cells to 
allow quantitization without unreasonably high levels 
of background (usually less than 1 cell in 4 contained 
1 silver grain due to background). Technical problems 
arising in the autoradiography procedure led to 
extremely high backgrounds in some of the preparations. 
These were discarded. The data presented here were 
collected from suitable samples from 4 chicks in the 
experimental group and two chicks in the control 
group.

Results were recorded in two ways; average grain 
counts per whole cells, Table 1; and average grain 
counts per nucleus and cytoplasm, Table 2. Cells were 
grouped according to their stage in erythrocyte devel
opment. White blood cells were not counted.

1. Whole cell grain counts:
The data listed in Table 1 are plotted in figure 2. 

Cells treated with either ^H-actinomycin D or -̂ H-uri- 
dine are labeled by 0.5 hours after injection with



TABLE 1 WHOLE CELL GRAIN COUNTS OF 
CHICK ERYTHROCYTE SERIES

Type and period 
of Treatment

Early
Polychromatic

Mid
Polychromatic

Late
Polychromatic Reticulocyte Mature

Erythrocyte

N X*SEM N X-SEM N X*SEM N X*SEM N X±SEM

Control 30 0.09*0.08 30 .2 6 * . 1 0 30 .07*.07 30 .13*.09 30 .13*.09

Uridine 0.5 hours 11 4.20*.54 21 3.27*.36 23 2.41*.25 25 .91*.20 30 .28*.14

Uridine 1 hour 10 3.42*1.02 17 2.23*.36 19 2.09*.37 22 2 .1 5 *.35 30 .28*.14

Uridine 2 hours 15 5.57*1.30 13 2.84±.37 30 .6 0 * . 1 2 22 .49* . 1 6 30 .2 7 * . 1 4

Actinomycin 1/z hr. 30 4.95*.42 30 5.02*.49 30 5.02*.46 30 6.22*.84 30 7.35*.95

Actinomycin 1 hr. 30 5.35*.65 30 5 .2 8 * . 6 3 30 6 .6 2*1 . 1 0 30 4.2 8*.84 30 8.48*1.16

Actinomycin 2 hrs. 30 6 . 4 4 ± . 8 o 30 6.77**56 30 8 .74*.71 30 9.21*.93 30 7.84* . 5 6

Actinomycin 4 hrs. 30 5.45*.20 30 4.88*.25 30 5.35*.30 30 5.75*.44 30 5 .8 1 *.44
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apparently little increase in labelling with longer 
exposures to the radioactive materials.

The average grain counts per cell in the 3H-uri- 
dine treated birds was found to be significant for 
the early polychromatic stage and drops off rapidly 
through the mid- and late stages until for the mature 
erythrocyte the count is near zero (plate 4).

The average grain count per cell in the 3H-actin- 
omycin treated birds is significant for cells of each 
stage of the erythrocyte series. The counts for the 
mature erythrocytes are somewhat higher than those for 
the early stages (plate 5).

Grain counts over the cells of the control animals 
(injected with sterile water) are near zero for all 
stages of the series (plate 6).

2. Nuclear and cytoplasmic grain counts :
In Table 2 the average nuclear and cytoplasmic 

grain counts are listed for each stage of development. 
These values are depicted graphically for each treatment 
for the 0.5 hour and the 2 hour samples in figures 3-6.

In the samples taken from the 3H-uridine treated 
birds the nuclei of the early polychromatic erythrocytes 
were more heavily labelled than the cytoplasm. This 
is expecially true in the 2 hour samples. In the more



PLATE 4
Blood smears of 3H-uridine treated birds

4a Smear made 0.5 hours after injec
tion of 3H-uridine; early polychro
matic erythrocyte (E), reticulocyte 
(R) , typical mature erythrocyte (ME)

4b Smear made 2 hours after injec
tion of ^H-uridine; early poly
chromatic erythrocyte (E), typical 
mature erythrocyte (ME).





PLATE 5
Blood smears of ^H-actinomycin D
treated birds.

5a Smear made 0.5 hours after injec
tion of ^H-actinomycin D; early 
polychromatic erythrocyte (E), 
mid polychromatic erythrocyte (M), 
late polychromatic erythrocyte 
(L), typical mature erythrocyte 
(ME) .

5b Smear made 2 hours after injection 
of ^H-actinomycin D; early poly
chromatic erythrocyte (E), mid poly
chromatic erythrocyte (M), typical 
mature erythrocyte (ME).





PLATE 6
Blood smear of control birds.

Smear made 2 hours after injection 
with sterile water; mid polychroma
tic erythrocyte (M), late polychro
matic erythrocyte (L), typical mature 
erythrocyte (ME).



Plate 6



TABLE 2 NUCLEAR & CYTOPLASMIC GRAIN
COUNTS OF CHICK ERYTHROCYTE SERIES

Type and Period 
of Treatment

Early
Polychromatic 
N X*SEM

Mid
Polychromatic 
N X±SEM

Late
Polychromatic 
N X±SEM

Reticulocyte 

N X*SEM

Mature
Erythrocyte
N X*SEM

Uridine Yz hr.
Nuclear 11 2.72**78 21 1.19*.32 23 •52*.19 25 .40*.11 27 .29*108
Cytoplasmic 11 1.74*.52 21 2.33*.29 23 2.13*.26 25 •76±.19 27 .33*.10

Uridine 2 hrs.
Nuclear 15 4.8o*1 .4l 13 1.30*.38 30 .33*.09 22 .13*.09 30 .16*.06
Cytoplasmic 15 1.00*.37 13 1 .76*.36 30 .50* .1 1 22 .59*.16 30 .32 * .11

Actinomycin Zz hr.
5 .90*.78Nuclear 50 4.10*.39 30 4.20*.47 30 3-93*.37 30 5.13*.90 30

Cytoplasmic 30 1.03*.19 30 1.03*.23 30 1 .36*.22 30 1.26*.24 30 1 .63*.31

Actinomycin 2 hrs.
Nuclear 30 6.46*.8o 30 6.43*.6l 30 8.00*.56 30 7.83*.76 30 7.06*.47
Cytoplasmic 30 .50*.15 30 .86*.17 30 1.23*.24 30 1.86*.33 30 1 .26*.21
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mature stages the larger number of grains is found 
over the cytoplasm (plate 4).

OIn the samples taken from H-actinomycin D 
treated birds the nuclei of the cells of all stages are 
more heavily labelled than the cytoplasms by a large 
proportion (plate 5) .

B. Tissue culture

1. One half on white yolk, one half on NCI:
Plates 7 and 8 are photographs made from the 

original 35 mm slides of a typical pair of cultures, 
number 12A and 12B. Culture 12A is grown on white 
yolk and 12B is a piece of the same blastoderm grown 
on NCI. The margin is located near the dark line 
on the bibulous paper at t = 0 and is quite visible 
as it grows over the vitelline membrane from right 
to left. As the culture grows, the ridge (B region) 
becomes wider and more clearly defined, particularly in 
the white yolk culture. In most white yolk and NCI 
cultures the tissue edge had nearly reached the left 
edge of the bibulous paper after 24 hours. Parts of 
the edge that were expanding over vitelline membrane 
backed with bibulous paper seemed to grow equally 
well as the parts of the tissue expanding over the



PLATE 7
A series of photographs of a tissue 
cultured on white yolk. The number 
12A indicates that this was run num
ber 12 and that it was the white yolk 
culture of a pair of tissues, A and 
B, one of which was grown on white 
yolk, the other of which was grown 
on NCI. The number of hours after 
the initiation of the culture is shown 
in the upper left-hand corner of each 
frame.
The photograph of the culture at t = 0 
(left side, second from top) shows 
the initial position of the margin 
relative to the hole in the bibulous 
paper.





PLATE 8
A series of photographs of a tissue 
cultured on NCI. This was the second 
half, B , of pair number 12. Notice 
that normal appearing folds form as 
the tissue grows over the vitelline 
membrane.
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membrane where the hole had been cut in the paper.
The data presented in Table 3 were collected for 
the total surface area of the tissue rather than for 
only the tissue over the hole.

In about one half of the cultures on both media 
the tissue sheet pulled up somewhat from the right- 
hand edge of the paper due to the tension created by 
the A region cells. Although there was some bunching 
of the tissue at the margin where this occurred, it 
seemed not to effect subsequent movement of the margin 
or expansion of the tissue (ie. see plate 9). The 
data in Table 3 were recorded from measurements of the 
total surface area behind the margin.

In no culture on either white yolk or NCI did 
the leading edge of the tissue lose its grip on the 
vitelline membrane and pull back from its original 
location. Such an occurrence could have been easily 
seen in the photographs and would have shown up in 
the growth rate values.

In Table 3 the average growth rates of the tissue 
on the three different media are recorded. By plotting 
the growth rate in sq mm/4 hrs vs.the number of hours 
after initiation of the culture (figure 7) one can 
see that the white yolk and NCI cultures show a similar



TABLE 3 GROWTH RATE OF CULTURED 
MARGINAL YOLK SAC TISSUE

Time after initiation of culture (hours) Ave.
Culture Medium over

4 8 12 16 20 24 24 hrs

White yolk :
Rate (sq mm/4 hrs) l8.2
Standard error (N=30) 4.1

NCI:
Rate (sq ram/4 hrs) 16.8
Standard error (N=30) 1.5

Albumen :
Rate (sq mm/4 hrs) -15.3
Standard error (N=12) 9*9

In ovo rates (reference):
Rate (sq mm/4 hrs)* 21.5 ®

25.0 28.0 18.5 18.5 18.5
2.0 1.6 1.9 1.9 1.6

22.1 22.9 17.1 10.9 5.9
1.7 1.1 1.7 1.3 1.9

6.2 1.3 0.70 0.30 3.0
4.9 7.3 5.1 6.6 2.0

hrs of ine. 49.7 @ 72 hrs of ine

21.1

15.9

-0.60

*In ovo rates were computed from values measured by Schlesinger (28) 
by correcting for edge length of cultures which averaged 11 mm.
The correction factors applied to his values were therefore 
11/length of edge in ovo at given age x 4.



Figure 7
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rise in growth rate during the first 12 hours from 
their initial level after which their rates decline 
until at 16 hours their levels are approximately 
equal to their initial levels. From this point on 
until the tissues were sacrificed at 24 hours (72 
hours total incubation time) the tissues on white 
yolk maintained their growth rate. However, those 
tissues on NCI continued to decrease in rate of 
expansion until at 24 hours their rate was statisti
cally similar to those on albumen.

2. One half on white yolk, one half on albumen:
Plates 9 and 10 are photographs of a typical 

pair of cultures in this group, numbers 41A and 41B.
The white yolk cultures in this set (41A) appeared 
identical to those on white yolk described above. 
However, the tissue grown with no white yolk or NCI, 
on albumen only (41B) appeared unable to expand. In 
these cultures within the first 4 hours the tissue 
had pulled back at its leading edge, pulled up from the 
right-hand side of the paper and generally shrunken 
into a tight mass of cells. Thereafter, until they were 
sacrificed at 24 hours after initiation of the culture 
there was little movement or expansion of cells in any 
direction. In some of the cultures the cell sheets



PLATE 9
A series of photographs of a tissue 
cultured on white yolk in a manner 
identical to that of culture number 
12A (plate 7). This is the white 
yolk culture of the pair number 41; 
one half on white yolk, A, and one 
half on albumen, B. Notice that at 
8 hours the tissue pulled up but by 
12 hours had reattached to the vitel
line membrane.





PLATE 10
A series of photographs of a tissue 
cultured on albumen. This was the second 
half, B, of pair number 41. By 4 hours 
after initiation of the culture the tissue 
had discontinued expanding.
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seemed to deteriorate, the cells becoming disaggre
gated into small patches on the vitelline membrane. 
Data in Table 3 were recorded in a manner identical to 
that for the white yolk and NCI cultures described 
above. The negative values represent pull back of 
the leading edge; pull up from the right-hand edge 
was disregarded.

The growth rates for the albumen cultures 
which are recorded in Table 3 are plotted vs hours 
after initiation of culture in figure 7. There is 
a general shrinkage of the tissue during the first 4 
hours represented by the negative growth rate.
During the next 20 hours the growth rate remains near 
zero.

3. Total increase in surface area:
To allow comparison of the total growth that 

occurred in each of the three sets of cultures in 
this experiment the average total increase in surface 
area in sq mm is recorded in Table 4 and depicted 
graphically in figure 8. It is seen that values are 
similar for the white yolk cultures and the NCI 
cultures although the difference between the two 
values represents a statistically significant differ
ence. The value for the albumen cultures is near zero.
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TABLE 4 TOTAL INCREASE IN 
SURFACE AREA

Culture
Medium

Surface standard 
Area error

White yolk 127 7.1 30

NCI 96 5.2 30

Albumen -8.7 25.0 10Albumen 10
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4. Evaluation by paired sample method:
Since in each of the experimental groups of 

cultures two pieces of the same tissue were cultured 
under different circumstances, the data lends itself 
to methods of statistical evaluation of paired samples. 
Although the data may seem more obscure when expressed 
this way, the method is particularly valuable when 
determining the relative effects of two different 
treatments as we are attempting here.

In Tables 5 and 6 difference in growth rates and 
difference in total increase of surface areas of the 
paired cultures are recorded along with their t values 
for P = 0.05 confidence level and an indication of 
whether or not the difference is statistically sig
nificant. These data are depicted graphically in figures 
9 and 10. It can be seen that for both difference in 
growth rates and difference in total increase in surface 
area the values for the white yolk-albumen pairs are 
much larger than those for the white yolk-NCI pairs.

5. pH changes:
The pH of albumen is 7.6-8.0 [17] and that of 

freshly prepared NCI medium is 7.2-7.3 (appendix 2).
It is therefore assumed that the pH of the solutions 
bathing the tissues at the initiation of the culture
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TABLE 5 DIFFERENCE IN RATE OF
EXPANSION IN PAIRED CULTURES

Culture
Pair

Time after initiation 
of culture (hours)

4 8 12 16 20 24

White yolk-NCI
Difference (N=30) 1.06 3.06 5*13 1.23 7.23 12.53
Standard error 4.20 2.75 1*97 2.67 2.35 2.31
t value* 0.25 1.11 2.60 0.46 3.07 5.42
significance no no yes no yes yes

White yolk-Albumen
Difference (N=10) 27*4 18.9 28.9 20.0 20.8 14.1
Standard error 11.4 5*30 7.03 3.41 7.34 2.93
t value* * 2.58 3*56 4.11 5.86 2.83 4.81

significance yes yes yes yes yes yes

*For P = 0.05 t larger than 2.0lt indicates 
significant difference (29 degrees of freedom), 
two tail test is appropriate. **

**For P = 0.05' t larger than 2.2 6 indicates 
significant difference (9 degrees of freedom)
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TABLE 6 DIFFERENCE IN TOTAL INCREASE OF
SURFACE AREA OF PAIRED CULTURES

Culture pair Average
Difference

Std. 
Error

N t
value

White yolk-NCI 30.2 9.50 30 3.17*

White yolk-Albumen 129.7 25.3 10 5.10**

*For P = 0.05 
difference is

this t value 
significant ;

indicates 
t> 2.04

that 
for 29

the
DF.

**For P = 0.05 this t value indicates that the 
difference is significant; t greater than 
2.26 for 9 DF.

TABLE 7 DRY WEIGHTS

Culture Average weights 
after 24 hours

Std.
(mg) Error N

White yolk 1.63 0.14 30

NCI 1.13 0.12 30

Albumen 0.60 0.10 12
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period was 7.6-8.0 for the white yolk and albumen 
cultures and 7.2-7.3 for the NCI cultures.

The pH of the NCI medium had decreased by the 
end of the 24 hour period. The medium which con
tained Phenol Red indicator had changed color from 
its initial bright red to light yellow. This would 
indicate that the pH had indeed become more acidic.
The yellow color was seen to be confined to only the 
medium less than 2 to 3 mm from the tissue, so that when 
the tissue was removed from the culture dish at the 
end of 24 hours a patch of yellow medium was left where 
the bibulous paper and tissue had been placed. The 
periphery of the medium remained red. The final pH 
of white yolk and albumen cultures was not measured 
since it was assumed that the buffering capacity of 
the albumen would maintain the pH much as it does in 
ovo.

6. Dry weights:
Average dry weights of the tissues after 24 hours 

of culture in milligrams are recorded in Table 7 and 
depicted graphically in figure 11. It can be seen 
that the white yolk tissues weigh significantly more 
than the NCI tissues. Similarly, the NCI tissues 
out-weigh the albumen tissues by a comparable proportion.
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Figure 11
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It must be noted that these values should not be re
garded as true indications of changes in cellular mass 
since dry weights could not be measured prior to culture. 
However, one can assume that each preparation was cut 
evenly in half when the pairs of cultures were prepared 
thus providing tissues of approximately equal weight 
for each pair. For this reason it is of interest to 
compute the average difference in weights between the 
paired cultures; white yolk-NCI, and white yolk-albumen, 
in a manner similar to our treatment of paired data for 
growth rate. Table 8 gives the average differences in 
dry weights of the paired cultures. It can be seen that 
these results compare with those fpr the pooled dry 
weights. There is a wide difference between the weights 
of each pair.

7. Tritiated thymidine uptake:
Results of the tritiated thymidine uptake ex

periment are shown in Table 9 and figure 12. The 
amount of uptake was recorded as disintegrations per 
minute (dpm) per milligram dry weight. The values are 
similar for each of the experimental groups with no 
significant difference between them. The values for 
the untritiated controls are only slightly above back
ground .
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TABLE 8 AVERAGE DRY WEIGHT DIFFERENCES
FOR PAIRED CULTURES

Culture Pair Average
Difference

Standard
Error N t

value

White yolk-NCI 0.58 O.I8 30 3.22*
White yolk-Albumen 0.37 0.10 12 3.7O*

* Both t values indicate that differences 
are significant at P = O.C5 level of 
confidence.

TABLE 9 TRITIATED THYMIDINE UPTAKE

DPM/mg
standard
error N

Experimental Cultures: 
White yolk 
NCI
Albumen

Untritiated Controls: 
White yolk 
NCI

887 99 30
765 90 30
700 134 12

I50 73 6
91 19 6
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If paired sample statistical methods are applied 
to the data, the results are somewhat disappointing 
in that the variation is so great that little can be 
concluded. Average difference in uptake in the white 
yolk-NCI pairs is 159 ± 100 dpm/mg (variation in terms 
of standard error, N = 30) and in the white yolk-albumen 
cultures it is 300 ± 196 (standard error, N = 11).

C . Electron Microscopic Study
At this writing the electron microscopic exper

iment is still under way. Sections from three pre
parations of 48 hour margins, taken directly from the 
egg and prepared without culture, have been examined. 
Preliminary results indicate that Pease' formaldehyde 
fixative is the more suitable and that the procedure 
is capable of providing satisfactorily prepared 
specimens.

Tissues were found to be extremely fragile after 
fixation. The blastoderms tended to separate from the 
vitelline membrane with the slightest disturbance.
For this reason it was found to be practical to sand
wich the blastoderms between two pieces of bibulous 
paper by placing a second paper ring against the removed 
tissue (on the yolk side) prior to fixation. Solutions
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were pipetted into and out of the vessel containing the 
tissues rather than subjecting the tissues to transfer 
from vessel to vessel.

Since the detailed reporting of the findings 
of this experiment will be delayed until the study has 
been completed, it will be reported here only that the 
majority of the morphological characteristics described 
by Bellairs have been seen in these preparations. 
Intercellular fingerlike connections, desmosomes, 
microvilli and intracellular yolk inclusions are 
apparent. Extensions from cells of the B region into 
the surrounding white yolk can be observed.
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DISCUSSION AND CONCLUSION

A . Inhibitor Experiment
The results of the 3n-uridine incorporation 

experiment stands as verification of an identical 
experiment first performed by Cameron and Prescott 
[41]. Similar to their interpretation, these results 
are considered to show that the chick red blood cell 
ceases to synthesize RNA as it matures until at the 
mature erythrocyte stage, the genome no longer is 
coding RNA so that its DNA has become genetically 
non-functional.

3The results of the H-actinomycin D incorporation 
experiment are interpreted as being conclusive evidence 
that this antibiotic has the capacity to bind DNA 
which is synthetically inactive and genetically 
non-functional. Nuclear and cytoplasmic grain counts 
tend to support this conclusion since in all of the 
cells incorporating actinomycin D the largest number 
of grains is found over the nucleus where virtually 
all of the DNA is located.

Because of these findings it was decided that the 
use of actinomycin D would have only limited value in 
testing the central hypothesis of this thesis. Since
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the experimental use of actinomycin D would present 
the problem of finding a means of limiting its effect 
to only DNA of yolk origin, a problem with no immediate 
solution, no further attempt was made at using the 
antibiotic.

B . Tissue Culture

1. Initial rate of expansion:
The results represented by both paired and pooled 

analyses indicates that the marginal tissue is capable 
of expanding over the vitelline membrane when cultured 
on either its natural nutrients, white yolk, or on the 
synthetic nutrients, NCI. A comparison of the rates 
of expansion of these two sets of cultures to in ovo 
rates (figure 13) reveals that the initial rates 
represent normal growth rates. The in ovo rates are 
seen to rise during the period from 48 to 72 hours 
of incubation. For the first 12 hours the in vitro 
rates follow this rise with approximately the same slope. 
It can be concluded that at least for the first 12 hours 
the white yolk and NCI cultures are expanding at 
normal rates.

The fact that the initial in vitro white yolk and 
NCI growth rates are positive and similar to in ovo
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Figure 13
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rates is an indication that there is no long-term lag 
phase as is seen in the growth of many types of cultured 
tissues. Since measurements were taken only every four 
hours it is of course possible that there was a lag 
of short duration which was undetected. But it is 
evident that there was no dramatic or extensive period 
of adaptation to culture conditions as one might expect, 
for example, in primary explants of tissue culture cells.

Conversely, the tissues grown on albumen alone 
showed a negative growth rate initially. Even though 
this may be interpreted as a lag, it would be described 
more accurately as the result of failure to maintain 
initial activity and morphology. The edge cells become 
detached from the vitelline membrane and the tissues 
never regained the capacity to expand. If the tissues 
had experienced a true lag phase during the first four 
hours, one would expect to see expansion rates return 
to normal at later measurements. These results indicate, 
rather, that even at this early stage in culture the 
tissues without either white yolk or NCI could not 
develop normally. This implies that if the cells 
contained stored yolk particles which had been phagocy- 
tized previous to the initiation of culture, these stores 
were not sufficient to maintain the tissue for even 4 hours.
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A continual supply of nutrient is needed.
An alternative interpretation of the data is that 

the albumen culture conditions are not conducive to 
growth for reasons other than lack of nutrients. For 
example it is known that there is a transfer of material 
from the albumen to the yolk sphere during development 
[47], It could be postulated that some component of 
albumen which becomes available to the yolk sac cells 
during development is detrimental to normal growth 
when uncoupled from coordinated action with a component 
of white yolk. This interpretation is considered 
highly speculative, however, and the first interpretation 
is favored.

2. Possible influencing factors on tissue expansion 
during long-term culture:
From 12 to 16 hours of culture the rates of 

expansion of the white yolk and NCI tissues decline 
with similar slopes demonstrating again that the tissues 
respond similarly to both culture conditions. But this 
decline is a departure from the in ovo growth curve.
A discussion of the causes of the decline would have 
to be speculative; therefore it will only be said 
that the maxima in the curves are probably not anal
ogous to the maxima in the growth curves of typical
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tissue culture explant cells. Here instead of growth 
being measured in terms of numbers of cells, we are 
concerned with cell movements; a decrease in rate of 
expansion is indicative of the activity of a uniform 
number of edge cells. It is unlikely that there is 
an increase or decrease in the number of A region cells 
over the 24 hour culture period since time-lapse 
evidence of Schlesinger [29] indicates that A cells are 
formed from B cells only when there is a removal of 
existing A cells.

During this period and thereafter the tissues 
on albumen demonstrate an expansion rate near zero 
and it can be concluded that some essential condition 
for expansion is lacking in these cultures. Intra
cellular yolk supply is insufficient to maintain normal 
expansion.

From 16 hours of culture until the end of the 
24 hour culture period the growth rates of the white 
yolk and the NCI cultures diverge. The tissues on 
white yolk continue to find the culture conditions 
suitable for expansion while the tissues on NCI 
continue their decline until at 24 hours they have 
nearly ceased to expand. A consideration of possible 
causes for the decline and the evidence supporting these
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possibilities is warranted.
First, it should be remembered that the tissues 

to be grown on NCI were washed more vigorously than 
those to be grown on white yolk. One might expect 
that there would have been more mechanical damage to 
the former. However, one would also predict that if 
the NCI tissues were damaged in preparation, they 
would have exibited abnormality early in the culture 
period. The tissues had expanded in area equal to 
many cell diameters before there was a noticeable 
divergence of expansion rates.

Second, loss of moisture from the'culture 
vessel could result in decreased activity. But this 
too is unlikely to be related to the phenomenon in 
question since it is assumed dessication would have 
occurred similarly in both culture groups. The effects 
of dessication were probably very slight in all of the 
cultures since little drying was observed; also, at no 
time during the culture period were any of the tissues 
exposed directly to the atmosphere.

Two very likely possibilities to account for the 
decrease in expansion rate of the NCI cultures are 
to be considered. These are decrease in availability 
in nutrients and decrease in pH. Since the medium 
was prepared in an agar base, the free diffusion of
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nutrients throughout the culture vessel was more 
limited than it would have been in a liquid medium.
The change in indicator color in the medium near the 
tissue shows that there was a local depletion of 
nutrient in the medium bathing the tissue and that 
nutrients absorbed by the cells were used rapidly.
This would not have occurred in the white yolk cultures 
since the tissue was continually approaching new yolk 
reserve which could be stored intracellularly and 
broken down as needed. The pH changes in the NCI 
medium surrounding the tissue could itself have been 
sufficient to inhibit normal activity. It is probable 
that even a slight decrease in pH from normal would 
result in disrupted activity. It is reasonable to 
assume that the albumen substratum in the white yolk 
cultures provides sufficient buffering capacity to 
maintain the activity of these tissues similar to 
in ovo conditions.

One other possibility exists. If the marginal 
cells are indeed accumulating functional nucleic acids 
from the white yolk, it is possible that there is a per
iod of delay between the time that the nucleic acid 
is picked up by the cell and the time that the nucleic 
acid exerts its influence on the development of the
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tissue, the process being separate from the utiliza
tion of simple yolk nutrients. Yolk spheres can be 
seen in various states of digestion in the cells of 
the blastoderm [30] and it is conceivable that nucleic 
acid-containing spheres are not digested until a 
number of hours after their uptake by the cell, where
as other yolk constituents are used rapidly. In the 
case of the white yolk cultures, nucleic acids which 
had been picked up 12 to 16 hours before could have 
been beginning to read out at 16 hours after the initi
ation of culture. These nucleic acids would have been 
absent from the tissues on NCI. However, this hypothe
sis is speculative and the effects of availability 
of nutrients and changes in pH are favored as the 
causal factors in the decline of expansion rates in 
the NCI cultures. A possible means of resolving the 
question would be to replace the NCI medium in the 
culture vessels with fresh medium after 16 hours of 
culture. If the cultures maintained their growth rates 
thereafter it could be concluded that availability of 
nutrients and pH changes were the significant variables. 
This approach would, however, expose the tissues to 
manipulation which might prove to be disruptive to 
their continued development. The agar base medium
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could not be simply pipetted into the culture vessels.

3. Maintenance of normal morphology:
In both the white yolk and NCI cultures the normal 

morphology of the tissues was maintained throughout 
the culture period. Well defined marginal ridges, 
normal appearing A region cells and a uniform monolayer 
of C region cells can be clearly distinguished in the 
photographs. Very important in this regard is the 
fact that many of the tissues developed normal appear
ing marginal folds at the same time in development 
that they would appear in ovo. (ie. compare plates 
lb and lc to plate 8) From these data it can again be 
concluded that the tissues on both white yolk and NCI 
found the culture conditions suitable for normal 
development. Tissues cultured on albumen failed in every 
case to exibit folds and generally lost their normal 
morphology at the margin.

4. Dry weights:
Although final dry weights were measured primarily 

for the analysis of the ^H-thymidine uptake data, they 
are interesting in themselves. Both paired and pooled 
analysis of the dry weights shows that there is a 
significant difference between the weights of the
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tissues grown on white yolk and those grown on NCI.
Since the area covered by each set of cultured 
tissues at the end of 24 hours is approximately 
equal, it is concluded that the white yolk tissues 
have more mass per cell. The additional mass is 
probably due to undigested intracellular yolk particles. 
In the NCI cultures, it is probable that some of the 
intracellular yolk is used up during the 24 hours , 
resulting in relatively less mass than their white 
yolk pairs. The NCI nutrient would probably not be 
stored and therefore would add mass to the cells only 
as products of metabolism. The fact that the expan
sion rates of the NCI cultures declined would suggest 
that stored nutrient reserves of yolk as well as 
local supplies of NCI had been depleted. Even if 
there had been no active digestion of intracellular 
yolk particles during the culture period, as the cells 
divided,new offspring would have been produced which 
would have contained relatively less yolk than cells 
which were actively phagocytizing white yolk. The 
tissue would therefore have weighed less than its paired 
culture at the end of 24 hours. Eventually,results 
from the electron microscopic study of cultured tissue 
should reveal whether or not the yolk particles are 
cleared from the NCI tissues.
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The relatively low weights of the albumen 
cultures represents lack of cellular proliferation 
as well as lack of yolk uptake.

5. Cell division; uptake of ^n-thymidine:
Results from the ^H-thymidine uptake study are 

somewhat disappointing. One would have expected that 
a correlation would have been evident between expan
sion rate and synthesis of DNA as judged by incorpora
tion of DNA precursor. It is extremely unlikely that 
expansion could occur without the occurrence of cell 
division since time-lapse studies of Schlesinger have 
shown that where this is the case, the tissue tears or 
pulls up under the tension exerted on the C region 
cells by the advancing A region cells [29]. In those 
white yolk and NCI cultures where no pull up was seen, 
tearing did not occur (see plates 7 and 9). Therefore, 
the similar uptake of ^H-thymidine in both expanding 
and non-expanding tissues was not predicted.

The results can be interpreted in a number of 
ways. It is of course possible that there was syn
thesis taking place in tissues of all three groups, 
but this is unlikely since, in the albumen cultures, 
it would have resulted in either synthesis without
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division, a highly abnormal condition for tissues 
of this type, or a piling up of cells due to division 
without expansion. No piling up was observed. There
fore, it is more reasonable to assume that the similar 
uptake of precursor was due to causes other than 
synthesis.

Internal fluorescence is ruled out by the relatively 
low number of counts recorded in the controls. Adhesion 
of 3h-thymidine containing albumen to the cell or 
vitelline membrane surfaces in spite of vigorous washing 
is another possibility, but more likely is the possibil-
, Olly that H-thymidine was taken up by the cells without 
being incorporated into the DNA. This would have been 
possible since the tissues were cultured on the pre
cursor continuously for 2 hours, washed, then prepared 
for liquid scintillation counting. The 3H-thymidine 
was not chased with cold thymidine. Therefore, the 
precursor could have been taken up by even a non-synthe
sizing tissue without the unincorporated excess being 
removed. Substantiating this interpretation is the 
likelihood that cell division is closely related to 
cell movement over the vitelline membrane. The transfer 
of the tissues from their original culture media to the 
media containing the 3H-thymidine could have been 
sufficiently disruptive to the tissues to cause the
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cells to stop expanding and therefore stop dividing.
Only a small amount of the ^H-thymidine would have been 
incorporated into each of the tissues since all of 
them had discontinued synthesizing DNA.

Whatever the causes, the results do not allow 
one to draw a clear cut conclusion.

6. Mitotic activity in cultured tissues:
Early in the program when the design of the 

experiments was being considered it became apparent 
that more than one means of measuring the degree of 
cell division was available. For example, the analysis 
for mitotic figures of fixed and stained whole mount 
preparations of the cultured tissues could have been 
used rather than the uptake of ^H-thymidine. However, 
the results of a pilot study revealed that a number of 
complications would make the former approach difficult 
to execute. Cell boundaries of A and B regions are 
difficult to distinguish in whole mounts due to piling 
up of cells. The occurrence of localized areas of 
high mitotic activity and localized areas of no mitotic 
activity in the same region of the same blastoderm 
makes it necessary to analyse large numbers of tissues 
in order to obtain a representative sample. Finally, 
there is apparently a large variability in the occurrence
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of mitotic activity of the tissues of the same age.
A detailed analysis would have been very time consuming.
It was hoped that the uptake of tagged precursor approach 
would avoid these problems by including large numbers 
of cells in the analysis automatically.

In light of the lack of conclusive results from 
3the H—thymidine uptake study and since time limitations 

did not allow a later detailed mitotic index study, 
the preliminary evidence for mitotic activity in the 
cultured tissues will be presented. A group of 20 
cultures, 10 on white yolk and 10 on NCI, which had been 
prepared as the pilot to test the suitability of the 
procedure was re-examined for mitotic figures. The 
tissues had been cultured with the same procedure 
described previously with the exception that instead 
of being cultured on thymidine and digested for 
scintillation counting, they were placed on glass 
slides after 20 hours of culture, fixed in Carnoys 
fluid and stained with 1-2% acetic orcein (appendix 8). 
Mitotic figures were seen with regularity in tissues 
on both white yolk and NCI. Figures were seen in B and 
C regions of the tissue often occurring in localized 
areas of high activity (plate 11). No mitotic figures 
were seen in the A region of any of the tissues 
examined. No attempt was made to quantitate the occurrence



PLATE 11
Mitotic figures in cultured marginal 
tissue. Tissues were incubated 48 hours 
prior to initiation of culture.
11a. B region of a margin culture for 

20 hours on white yolk. Three 
mitotic figures can be seen. 

lib. C region of a margin cultured 
for 20 hours on white yolk.
Single anaphase figure is shown.
C region of a margin cultured 
for 20 hours on NCI. Five figures 
can be seen.

11c.



Plate 11a

Plate lib

Plate 11c
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of figures due to the problems discussed above.
These results confirm that there is cell division 
occurring in tissues cultured on white yolk and NCI, 
and tend to dispute the possibility that expansion 
in these cultures was due to increase in cell size 
or to cell stretch. No data is available for albumen 
cultures.

7. Changes in cell width and the possibility of 
cell stretch:
Average values for expansion reveals that tissues 

grown on white yolk and NCI more than double their 
surface area in 24 hours of culture. It would be 
conceivable that if the cells increased in width 
(the dimension along the axis of expansion) during 
the 24 hour period, the difference in surface area 
before and after culture could be accounted for with
out cell proliferation. However, work by Franke 
in this laboratory [23] has shown that in ovo average 
cell width in both the B and C regions decreases 
by a slight amount during the corresponding period,
48 to 72 hours of incubation. Therefore there is no 
naturally occurring increase in cell width that could 
account for expansion. Any postulated increase in 
width would have to be an artifact of culture.
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It is possible that in response to reduction in 
cell division caused by adverse culture conditions, 
cell stretch could occur, accounting for expansion.
To test this hypothesis the internuclear distances 
of tissues cultured on either white yolk or NCI were 
compared to those of control tissues which were pre
pared without culture. The same sets of preparations 
which were used for the mitotic figure study were 
re-examined for cell stretch. One hundred-fifty-six 
measurements of internuclear distances were made on three 
48 hour tissues cultured an additional 20 hours on white 
yolk. The mean distance was 10.68 ± 0.28 p (standard 
error). One hundred-sixty-five measurements of inter
nuclear distances were made on three 48 hour tissues cul
tured for 20 hours on NCI. The mean distance was 10.58 
± 0.20 p. One hundred-fifty measurements were made on 
three 72 hour uncultured tissues (controls). The mean 
internuclear distance was 11.19 ± 0.41 p. There is no 
statistically significant difference between any two of 
these mean values. Joyce Franke found that the average cell 
width at 72 hours of incubation was 12 ± 6 p (standard de
viation) [23]. The internuclear distances of the cultured 
tissues are seen to be similar to both control internu
clear distances and established values for cell width.



99

Therefore, it is concluded that the expansion of the 
cultured marginal tissue involved cell proliferation 
rather than cell stretch.

8. General conclusion:
In recapitulation of the conclusions drawn from 

the tissue culture experiment it can be said:
a. marginal yolk sac tissue can be cultured in the 

presence of either white yolk or NCI but not in 
the presence of albumen alone.

b. expansion rates of the white yolk cultured 
tissues remain at levels typical of in ovo 
tissues at 48 hours of incubation for the 
extent of the culture period.

c. expansion rates of the NCI cultured tissues 
remain at levels typical of in ovo rates for a 
number of hours until the nutrients are depleted 
and the pH of the medium decreases to adverse 
levels.

d. expansion in the white yolk and NCI cultured 
tissues is due to tension created by the A region 
cells and to cell proliferation in the B and C 
regions.

e. lack of cell expansion in the tissues cultured 
on albumen alone is the result of the inability
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of stored yolk reserves to supply sufficient 
nutrient to maintain normal cell growth and 
development.

Taken together these conclusions tend to indicate 
that the nucleic acids present in white yolk are 
not essential to the normal growth and development 
of the avian yolk sac.

C. Electron Microscopic Experiment
Since the experiment has not been completed, 

discussion of the results of the electron microscop
ic experiment will be reserved for a later publication. 
However, it is worth reporting here that the approach 
will apparently be suitable for investigation of those 
problems which have been discussed. Preliminary 
examination of the first few preparations indicate 
that detailed descriptions of the ultrastructure of 
normal and cultured tissues can be obtained.
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SUMMARY

Three approaches were used in investigating 
the influence of yolk nucleic acids on the developing 
marginal tissue of the chick yolk sac.

The inhibitor of mRNA synthesis, actinomycin D , 
was tested for its suitability for use in experimen
tation on the marginal tissue. It was postulated that 
if it could be shown that actinomycin D binds specifical
ly to only genetically functional DNA, the culture of 
white yolk in the presence of 3H-actinomycin D would 
indicate whether or not yolk DNA plays a role in yolk 
sac development. Cells known to contain only non-func- 
tional nuclear DNA, mature avian erythrocytes, were 
incubated in vivo in the presence of 3H-actinomycin D. 
Controls were run with 3n-uridine to verify absence of 
RNA synthesis. Results showed that actinomycin D can 
bind functional and non-functional DNA. In light of
these findings and due to the difficulty in removing 

3excess H-actxnomycin D from treated yolk no further 
attempt was made to use actinomycin D.

A tissue culture technique was devised in which 
marginal tissue was cultured in the presence of white 
yolk, in the presence of a synthetic nutrient medium 
(NCI), and without externally supplied nutrient. Growth
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rate was measured in terms of expansion of the yolk 
sac tissue sheet and by uptake of ^H-thymidine.
Results show that the marginal tissue expands normally 
on either white yolk or NCI but is unable to expand if 
nutrient is not supplied. Uptake of 3h-thymidine was 
similar in all cases and no conclusion can be drawn 
from the data. However, examination of fixed cultured 
tissues revealed mitotic figures in tissues cultured 
on both white yolk and NCI. From this experiment it 
was concluded that DNA in the white yolk is not essential 
for normal growth and development of the yolk sac.

An electron microscopic study of the yolk sac 
was begun. Preliminary examination of the first few 
sections reveals that suitable techniques have been 
devised for culturing, fixing, staining, and embedding 
the tissues.
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Chick 
NaCl 
KC1 
CaCl2 
Dist.

APPENDIX 1

Ringer Solution:
7.19 gins 
0.37 gms 
0.18 gms

H20 1000 ml

57.52 gms 
2.96 gms 
1.44 gms 

8000 ml

Spratt, Nelson T. and Herman Hass. Morphogenetic 
Movements in the Lower Surface of the Unincubated 
and Early Chick Blastoderm. Jour. Exptl. Zool. 
144 (2) 1960.

Ref.



APPENDIX 2

NCI Medium
Component Gms/L

NaCl.....................................  7.400
KC1 .......................................... 285
Na HPOi * 7H 0............................... 290
KHpPCr.... t..................................083
MgSO, • 7H 0..................................154
CaCl2 - 2H20 ..................................144
Glucose..................................  2.200
L-arginine * HC1............................ 038
L-histidine • HC1........................... 038
L-lysine * HC1.............................. 080
L-tryptophan.................................020
L-phenylalanine............................. 025
L-methionine.................................025
L-threonine.................................. 038
L-leucine.................................... 025
L-isoleucine................................. 0125
L-valine..................................... 025
L-glutamic Acid............................. 075
L-aspartic Acid............................. 030
L-proline.................................... 025
Glycine...................................... 100
L-glut amine.................................. 200
L-tyrosine....................... ............040
L-cystine.................................... 0075
Hypoxanthine................................. 025
Riboflavin................................... 0005
Thiamin • HC1................................005
Pyridoxin • HC1..............................0005
Folic Acid................................... 0001
Biotin....................................... 0001
Choline...................................... 003
Ca pantothenate..............................003
Niacinamide.................................. 003
i-inositol................................... 001
Phenol Red................................... 0012
NaHC0 3 ...................................  2.240

This medium can be made from Puck's N-l6 medium by adding
to each liter of Puck's:

CaCl2............................. 128 Gms
Glucose.....................  1.100 Gms
NaHCO^......................  1.040 Gms

Grand Island Biol. Co. 1966 Price and Reference Manual p. 
3175 Staley Rd., P.0. Box 68, Grand Island, New York 14072
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Procedure for preparing blood smears for autoradio
graphy:
1. Inject chicks with appropriate compound.
2. Make blood smears at 0.5, 1, 2, and 4 hour 

intervals.
3. Air dry
4. Fix in 100% methanol ...................  3 min.
5. Air dry
6. Stain in Std. Giemsa ...................  45 min.
7. Air dry

in darkroom
8. Dip in Kodak NTB2 liquid emulsion.
9. Expose 4 weeks in light tight, dry box.

10. Develop in Kodak D-19 developer ........  5 min.
11. Rinse in tap water .....................  3 min.
12. Stop in hypo ...........................  5 min.
13. Rinse in tap water .....................  3 min.

lights can be turned on
14. Air dry
15. Restain in Giemsa if necessary
16. Coverslip

APPENDIX 3
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Pease fixative for electron microscopy:

Stock buffer solution:
Monosodium (monobasic)
sodium phosphate ...............  2.26%

Stock alkali solution:
Sodium hydroxide ...............  2.52%

To make up 500 ml fixative mix in the following 
proportions:

Buffer solution ................  415 ml
Alkali solution ................  85 ml
Trioxymethylene

(paraformaldehyde) .........  20 gm
Heat gently until solution clears.

Pease, D.C. Histological Techniques 
for the Electron Microscope. Academic 
Press, New York. p .  51-52. 1964.

APPENDIX 4

Reference;
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APPENDIX 5

Karnovsky's formaldehyde-glutaraldehyde fixative 
for electron microscopy:
1. 4 gms paraformaldehyde is dissolved in 50 ml 

distilled water by gentle heating to 60-70°C 
(with stirring).

2. One to three drops of IN NaOH is added with 
stirring until solution clears.

3. Solution is cooled.
4. 10 ml of 50% glutaraldehyde is added and 

volume is made up to 100 ml with 0.2M cacodylate 
or phosphate buffer, pH 7.4-7.6 (final pH is 
7.2) .

5. If cacodylate is used, add 25 mgms CaCl2 
anhydrous.

Reference: Karnovsky, M.J. A Formaldehyde-Glutaral-
dehyde Fixative of High Osmolality for 
Use in Electron Microscopy. Jour. Cell 
Biol. 27: 137A-138A. 1965.
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Procedure for preparing marginal yolk sac tissue 
for electron microscopy:
1. Remove edge with bibulous paper ring.
2. Culture as desired.
3. Rinse in chick ringer.
4. Fix in Pease or Karnovsky formaldehyde .....  20 min.
5. Wash in 0.2M s-collidine buffer ............  10 min.
6. Fix in 1.25% Osmic Acid ..............   20 min.
7. Dehydrate:

60% Ethanol ...............................  5 min.
7 0% Ethanol ...............................  5 min.
80% Ethanol ...............................  5 mj_n _
95% Ethanol ...............................  5 min .
100% Ethanol ..............................  10 min.
100% Ethanol ..............................  10 min.

8. Infiltrate with propylene oxide (dry):
propylene oxide ...............    10 min.
propylene oxide .......................  10 min.

9. 50/50 propylene oxide-Epon 812 ............. 20 min.
10. Embed in Epon 812 

overnight at 35°C 
next day at 45°C 
next night at 60°C

APPENDIX 6
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Preparation of Epon 812 plastic resin embedding 
medium for electron microscopy:

To make embedding medium in the proportion 
of A + B = 7:3 mix in the following pro
portions by weight:

Epon 812 ................
DDSA (dodecenyl succinic

anhydride) ...........
MNA (methyl nadic

anhydride) ...........
DMP-30 accelerator

(2,4,6-tri [dimethyl- 
amino methyl] phenol).

55.25 gms 
18.80 gms 
27.37 gms

1.5 to 2.0% 
of A+B by wt.

Reference: Luft, J.H. Improvements in Epoxy
Resin Embedding Methods. Jour. Bio- 
phys. Biochem. Cytol. 9(2): 407-
414. 1961.
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Carnoy's Fluid:

Absolute ethanol.............. 60 ml
Chloroform....................  30 ml
Glacial acetic acid..........  10 ml

Acetic Orcein Stain:

Disolve 1-2 Gms orcein in 45 ml hot 
glacial acetic acid. Dilute with 55 ml 
distilled H20 , filter.

Celloidin:

5% thick celloidin 
95%  equal parts absolute 

ethanol and ether

Dehydrate through absolute alcohol. Directly 
from the absolute alcohol, dip slides indivi
dually in a Coplin jar containing the very 
dilute ether-alcohol solution of celloidin. 
Stand slide on end to drain for to 1 minute 
or until the tissue begins to whiten around the 
edges. Wipe off the back of the celloidin 
coating. Proceed with the steps of the regular 
staining technique.

Procedure for staining cultured tissues for mitotic 
figures :

Remove tissues from culture and rinse in ringer
Fix in Carnoy's Fluid...................  30 min.
10 0% ethanol.............................. 2 min.
100% ethanol............................  2 min.
Celloidin...............................  dip
80% ethanol...............................  2 min.
Acetic Orcein............................. 3 min.
80% ethanol...............................  2 min.
80% ethanol...............................  2 min.
95% ethanol...............................  5 dips
95% ethanol...............................  2 min.
10 0% ethanol.............................. 2 min.
5 0 /5 0 xylene-10 0% ethanol................. 2 min.
xylei>e....................................  10 min.
coverslip
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