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INTRODUCTION

1., IHE EGG

The fertilized hen's egg consists of shell, shell
membrane, albumen and yblk. A diagrammatic represen-
tation of the fertilized hen's egg and its constituents
is given on page 2. From this it may be seen that the
yolk floats in the albumen with a whitish disc, the
blastoderm, on its upper surface. It is from the blasto-
derm that the embryo and all its membranes are formed.
The vitelline membrane, which is a transparent membrane,

encloses the fluid mass of the yolk and the blastoderm.

(a) ZThe Shell and Shell Membrane

The shell is made up of three layers, the inner
mammillary layer, the intermediate spongy layer and the
surface cuticle. The two inhner layers are composed
mainly of crystalline salts while the outer cuticle is
a very thin continuous layer of protein containing
scattered globules of fat (1), The entire shell is
permeable to gases and thus allows embryonic respiration
and evaporation of water to occur (2).

The shell membrane consists of two layers, a thick
outer layer next to the shell and a thinner one next to

the albumen. They are generally thought to be composed of
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keratin fibres matted together. It was shown by Calvery
(3) that the fibres are made up of exceptionally pure and
typical keratin. Mucin fibres have also been detected in
them (4). The fibres of the inner layer are of the same
size and cross one another in all directions. Those of the
outer layer are variable in size, the mesh is looser and
there is a star-like condensation of fibres at certain
points which are embedded in the calcite of the shell. This
union serves to strengthen the shell which would otherwise
be brittle and fragile. At the blunt end of the egg the
two layers are separated and form a chamber coﬁtaining air

that enters after the egg is laid (5).

(b) The Albumen

The albumen or egg-white consists of three distinct
layers, a thin but dense inner layer, a thick layer and a
thin outer layer (6). The inner layer is next to the
vitelline membrane which surrounds the yolk and is prolonged
in the form of two spirally coiled opalescent cords towards
the blunt and narrow ends of the egg respectively. These
cords are called the chalazae.

There are four well established proteins in the egg-
white. They are two albumins, ovalbumen (75%) and
conalbumen (3%) and two glycoproteins, ovomucin (7%) and

ovomucoid (13%) (7). A fifth protein, ovoglobulin, still




remains a matter of dispute, since it is difficult to
isolate free from ovalbumen and ovomucin and must be present
in minute quantities if at all (8). According to Lillie (5a)
about 2% of the total egg-white protein is ovoglobulin.

The general composition of the albumen is as followst

(9

Average weight
in grams £ of total

Total 32.9 100.0
Water 28.9 87.9
Solids 4,0 12.1

Total Organic Matter 3.8 11.5
Protein 3.5 10.6
Lipids trace --
Carbohydrates 0.3 049

Inorganic Matter 0.2 0.6

The exact nature of the carbohydrates in the glyco-
proteins 1s obscure, but they are polysaccharides and are
believed to contain mannose in various combinations with
glucosamine or galactose (5b).

Koga (lO))who was the first to study the enzymes of the
egg-white extensively, showed the presence of lipases,
proteases and lecithinase in the egg-white. The presence
of esterases has also been reported (11).

Egg-white also contains lysozyme. This is a bacterio-

lytic protein of low molecular weight with the properties



of an enzyme,and has been crystallized (12). The egg-white
contributes, therefore, not only to the nutrition of the
embryo, but serves as a protective envelope shielding the
embryo both from physical injury and from bacterial contami-

nation.,

(c) The Vitelline Membrane

The vitelline membrane of the hen's egg is made up of
a network of keratin fibres about 25 microns in thickness
(7a). It separates two very different systems, the egg-
white and the yolk, and the normal development of the
embryo is dependent to some extent upon the efficient
separation of these systems.

- On one side is the egg-white which consists of about
85% water and 15% protein. On the other side of the
membrane is the yolk which consists of about 50% water,
33% fat and 16% protein,and a little carbohydrate. The
weight of the ash of the white is approximately half that
of the yolk. As a result of these differences in composi-
tion, there is a difference in the osmotic pressure of
about 1.5 atmospheres (7b).

The membrane is permeable to water since it swells
and bursts in a hypotonic salt solution, remains unchanged
in an isotonic solution and shrinks in a slightly hypertonic
solution. In a 10% NaCl solution instead of shrinking it

swells awing to the penetration of the saline and the



consequent osmotic pressure due to the dissolving of the
vitelline in the saline (13).

It has been shown by Orru (14) that the vitelline
membrane is permeable to electrolytes,since water in which
yolks were immersed gained in electrical conductivity. In
spite of the permeability of the vitelline membrane to
electrolytes, the pH of the yolk varies from 4.5 to 6.0
whereas the pH of the egg-white is between 8.6 and 9.6.

The permeabllity of the vitelline membrane varies with
the age of the egg. However, after a long period of storage,
an equilibrium is reached. Substances such as vitamin B1
(15) and copper, found only in the yolk of a fresh egg, and
zine, found only in the white, are equally distributed after
some months of storage.

Straub & Hoogerduyn {I%) concluded that the Rliving"
vitelline membrane tends either to encourage the exit of
water from the yolk and to impede its entry, or to encourage
the entry of salts and impede their exit. An apparatus was
devised by Needham (18) to investigate the osmotic properties
of the isolated vitelline membrane,and it was found that
when placed between two salt solutions of different strengths,
the membrane offers no resistance to rapid equilibration.
Equilibration is slower with yolk and white on either side
than with salt solutions, though not as slow as in the intact
egg. It is probable that the physical structure of the yolk
and white has some feature which retards the attainment of



equilibrium and which is not wholly destroyed by mixing
each phase on its removal from the egge. The slow
attainment of equilibrium in the intact egg is probably
due to the cooperation of the two phases with the membrane.
The destruction of lipoprotein complexes has been put
forward as an explanation for the more rapid equilibration
between yolk and white following their removal from the

egg (19).

The average bursting strength of the vitelline membrane
at laying is about 4500 dynes/sq. cm. (20). After 40 hours
incubation of a fertile egg, the vitelline membrane becomes
so weak over the germinal area that its bursting strength
"can no longer be measured. With the growth of the yolk-sac

the vitelline membrane disappears.

(d) The Yolk

\

The yolk of the fertilized egg is made up of concentric
layers of white and yellow yolk. The yellow yolk is
secreted in layers around a central core of "white" or
milky yolk in the ovary of the hen (21). These layers give
the appearance of "haloes™ in the finished egg and can often
be seen in eggs coagulated by boiling. The white yolk in
the centre has a flask-like shape, the latebra, with the
neck leading up to the surface of the yolk underneath the
germinal disc and then continuing in a very thin layer all

around the exterior of the yolk underneath the vitelline

=)



membrane. The white yolk is thus the first source of
nourishment for the embryo (22).

Balfour and Foster (23) described the yolk as consisting
of tiny spheres 25 to 100 microns in diameter for the yellow
yolk and 4 to 75 microns in diameter for the white yolk.
Within the spheres there are minute highly refractile granu-
les, probably lipoprotein in nature.

(1) Proteins

The prineipal proteins of the yolk are the phospho~
proteins which are present as lipoproteins (24).

Two lipoproteins have been ldentified and their protein
components have been called vitellin and vitellenin. Another
group of~proteins and/or degradative products of phosphopro-
teins have been isolated and called vitellinic acid and
phosvitin. A fhird group, the water soluble proteins, have
been collectively termed livetin (25).

The lipoprotein complex, lipovitellin)was first prepared
by Osborne and Campbell (26) who found that it contains 15 to
30% of 1lipid whieh they believed to be lecithin. No further
study was made of the lipovitellin until Chargaff in 1942 (27)
repeated the extraction as described by Osborne and Campbell.
He found that the lipovitellin complex contained 18% bound
1lipid which was composed of both lecithin and cephalin.

& second lipoproteiln, lipovitellenin)was described by
Alderton and Fevolt €(28) in 1945. This fraction contains 36



to 41% combined phospholipid which is mainly lecithin. The
proteins of the two lipoproteins, vitellin and vitellenin,
differ only in their phosphorus content, the vitellin
containing about 1% phosphorus and the vitellenin containing
about 0.3% phosphorus. Their amino acid distribution is the
same since they both contain: alanine, arginine, aspartic
acid, cystine, glutamic acid, glycine, histidine, isoleucine,
leucine, lysine, methionine, phenylalanine, proline, serine,
threonine, tryptophane, tyrosine and valine. Thus of all

of the common amino acids, oniy hydroxyproline, di-iodotyro-
sine and cysteine have not been found in vitellin €29)¢30)(31)
(32).

The phosphorus in the vitellin is attached to the protein
through serine by a serine-phosphoric acid linkage (33)(34)
(35). waeve;,the distribution of the phosphorus and serine
in the vitellin molecule has not yet been established.

Probable degredation products of vitellin which are high
in serine and phosphorus content have been reported. Levene
and Alsberg (36) isolated one degradation product and called
it vitellenic acid. Another group recently reported the
extraction of a very similar substance which was called
phosvitin (37). It was found by Posternak and Posternak
(33)(34)(35) that there is an increase of proteoses when the
yolk is allowed to autolyse. It was suggested that this
might be of biological importance in phosphorus transfer

from raw materials to embryonic nuclein and bone phosphate.



& third group of proteins found in egg-yolk is
livetin, a pseudoglobulin containing only 0.07% phosphorus.
It is water soluble and makes up about 20% of the total
yolk proteins. Although livetin was clearly recognized
by earlier workers, Plimmer (38) was the first to separate
livetin from vitellin. The vitellin was prepared by
diluting an ether extracted solution of egg yolk in 10%
NaCl with a large volume of water and filtering off the
precipitated protein. There remained a relatively large
amount of protein in the filtrate. It was precipitated
by boiling with acetic acid and the soluble protein which
was thus coagulated was called livetin.

A study of the amino acid constituents of this protein
fraction was made (39) and the amino acids present were
found to be similar to those of the vitellin fraction.
When the livetin fraction was investigated electrophore-
ticallysit was found that there are at least three
components to this water soluble protein (40). The
livetin fraction of the yolk proteins apparently contains
the majority of the enzymes of the egge. Lineweaver gt al.
(4¥1) found esterase, amylase, peptidase, phosphatase and
catalase activity in the livetin fraction of the egg yolk.

Andther protein, vitellomucoid, which contains about
10% carbohydrate, is present in small amounts in the yolk
k2).

10
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(ii)} Carbohydrates

The egg contains relatively small quantities of
carbohydrate. The total amount averages about 0.5 grams,
or one percent of the total weight of the egg (43)(44).
About 75% is contained in the albumen and the remainder
is in the yolk. The carbohydrates in the yolk are found
both in the free form, mainly as glucose and as protein-
bound polysaccharides of the mannose-glucosamine type

(45)(39) (46) .
(iii) Lipids

The egg-yolk is extremely rich in neutral fats,
phosphatides and sterols. An egg of average weight (55
gms.), with a yolk of about 20 grams, contains in the
yolk 5.58 grams of neutral fat and 1.28 grams of
phosphatides of which 0468 grams is lecithin (47)(48).

It was found by Rae (49) that in yolk lecithin, the
B-form of glycerophosphoric acid predominates (i.e. the
fatty acids are arranged symmetrically about the choline-
phosphate radical), in contrast to brain lecithin, in
which the «~form predominates and liver lecithin, which
is an equal mixture of the two. The fatty acids of the
yolk lecithin are mainly isopalmitic, oleic, linoleic,
clupanodonic and 9:l0-hexadecenoic, with some stearic and

palmitic (50)(51). The fatty acids in the neutral fats



are mainly oleic, palmitic and stearic (52). ¥Yolk from
the egg of the hen and many other birds contains 1.75%
cholesterol (53).

(iv) Inorganic Constituents

The egg is similar to other animal cells in its
inorganic constituents. The ash from the whole hen's
egg contains A1, Ba, B, Ca, Cu, Fe, Mg, Mn, P, K, Ru, 8i,
Na, Sr, Ti and V, boron and manganese being found in the
yolk only (5%)., It should, however, be noted that
potassium is found in higher concentrations than sodium
in both the yolk and the white. This is one of the
characteristics of the egg cell (6a). The yolk also
contains a very high percentage of phosphorus, most of
which is in organic combination {55).

The iron of the yolk is absorbed in some way onto the
proteins or lipoprotein complexes in inorganic form. Most
of the iron is found in an iron-containing moiety "haema~-
tivin" in the vitellin fraction. Jukes and Kay (56) pointed
out a possible relationship of this compound to hemoglobin
formation since there is a sharp decrease in the vitellin
of the egg yolk and a simultaneous increase in the haemo-
globin of the chick embryo at about the fourteenth day of

incubation.



(v) Free Amino Acids

One of the first to investigate the amount of free
amino acids in the yolk of the hen's egg was Tomita (57).
He found that free amino nitrogen makes up 18 mgs. percent
of the wet weight of the yolk. Other investigators have
reported higher values, the variation being due to diffe-
rent methods of extraction. Thu% Cook (58) found 92 mgs.
percent and Aggazzotti (59) 58 mgs. percent of amino nitrogen.

With the development of paper chromatography (60) and
ion-exchange chromatography (61))it has been possible to
study the free amino acids in biological preparation both
qualitatively and quantitatively. The limiting factor for
accurate estimations of the amino acids has thus become
the quantitative extraction of the material. William et
al. made use of these recent advances and were able to
identify and estimate the amount of threonine, serine,
glutamic acid, proline, glycine, alanine, cysteine, valine,
isoleucine, leucine, tyrosine, phenylalanine, lysine,
arginine and methionine in the yolk of the hen's egg. From
their results, the total free amino acid nitrogen may be
calculated to be 630 uM per 10 grams wet weight,or 0.15

mg. per gram dry weight of yolk.

2, GENERAL DEVELOPMENT OF THE CHICK EMBRYQ

The fertilized egg)when laid by the hen,contains a

whitish disc about 3.5 mm. in diameter known as the



blastoderm (62). The embryo proper arises within a
clear area in the centre of the blastoderm called the
area pelucida., The remainder of the blastoderm is
extrgembryonic and from it arise: the embryonic
membranes, the amnion, the chorion and the yolk-sace

During the first four days of development the
blastoderm spreads very rapidly and by the fourth day
has given rise to blood vessels which cover the greater
portion of the yolk (area vasculosa)e By this time,
also)the embryo is fairly well developed. The wing and
leg buds are recognizable (63), the head is well defined
and the pigmentation in the eye is visible (64).

The next visible change occurs at about the sixth
day when the appendages become clearly visible. The
wing is bent at the elbow and the second digit is distinct-
1y longer than the others)which are separated by shallow
grooves. The toes stand out as ridges separated by
distinct grooves and have indications of webs between them.
The auditory sense organs are visible and the neck between
the "collar" and mandibular process has lengthened. The
beak is well advanced in development., Towards the seventh
day, feather germs begin to develop on either side of the
spinal cord at the brachial level and at the level of the
legse The egg tooth, which is used 6nly during the time
of hatching to crack the shell, is slightly protruding.

The embryo is further advanced by the end of the tenth
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day. Both the wings and legs are long and flight feathers
are conspicuous. The nostril has narrowed to a slit and
the beak is continuing its development. The nictitating
membrane covers most of the eye and the lower 1id has
grdwn upward to the level of the cornea.

By the end of the fourteenth day the'embryo resembles
the hatched chicke. Most of the body is covered with
feathers. The eyelids are well formed and the opening
between them is reduced to a thin crescent. The beék and
toes are now well developed. Except for the increase in
size and the final formation of the beak and toes, there
is no other visible change in the development of the chick
until it hatches on the twenty-first day. At this time
the yolk-sac 1s retracted into the body where it continues
to supply nutrients until the chick can digest the food

from the outside world on the second or third day.

3. CHANGES IN THE YOLK DURING EMBRYONIC DEVELOPMENT

(a) ZIhe Yolk-sac

According to Needhams

"PThe temporary structures used by the embryos
of birds during development are three in
number, the yolk-sac through which the
absorp%ion of nutrient materials from yolk
and white is carried on, the amnion which
encloses the embryo in its 'private pond’,
and the allantois which receives the excreta
from the cloaca and allows the exchange of
respiratory gases through its blood vessels
%1o§ely applied to the inner shell membrane"
'-70 .
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The yolk-sac is the earliest membrane to form and can
be recognized on the second or third day as essentially a
continuation of the intestine. In its growth it eventually
encloses the entire yolk (65). Its surface area increases
very rapidly up to the sixth day, decreases gradually from
that time until the eleventh day)and then diminishes at a
more accelerated rate (66), The apparent shrinkage of the
yolk-sac is correlated with the decrease in the volume of
its contents (67)(68).

The yolk-sac reaches a maximum wet welght of about
3.5 grams on the fifteenth day of incubation, after which
its weight falls to about 2.5 grams at hatching (9). There
is no direct relationship, therefore, between the area of
the yolk-sac membrane and its wéight. Welght is still
increasing throughout the time that surface area 1s decreas-
ing, a fact which is explained by the thickening and folding
of the inner wall of the membrane and also by the incluslon
of absorbed yolk substances within the yolk-sac cells and
blood vessels (65).

The chief functions of the yolk-sac are the formation
of blood, the absorption of nutritive materials from the
enclosed yolk and the transport of the absorbed nutrients
to the embryo. The capillary network in the yolk 1is
formed during the period of self-differentiation before
clrculation begins, The main arteries and veins are formed
only after the blood starts to flow in the area vasculosa
at the 1l6-somite stage (70). The larger arteries develop
from the portions of the network through which the blood



passes most rapidly. The vascular layer comprises the
greatest part of the thickness of the yolk-sac membrane.
The blood vessels protrude into the endoderm of the wall)
which is thus thrust into the mass of the yolk under-—
lying it. The radiating folds and ridges produced in
this manner become pronounced after the ninth day and
constitute an excellent absorptive surface (65a).

The endodermal cells of the yolk-sac secrete enzymes
into the yolk. These enzymes act upon the yolk)which is
an emulsion of fat suspended in a colloidal phospho=-
protein. There are lipases which act'upon the fat and
proteases which act upon the proteins. The liquified
material is then absorbed by the cells where digestion
is continued (71).

At the beginning of incubation the yolk 1s arranged
in the form of spheres, each surrounded by a semi-
permeable membrane. According to Grodzinski)lipases
secreted by the yolk-sac dissolve the membranes of the
yolk spheres and transform the contained fats from
glycerides to phosphatides (72). The proteases act upon
the continuous phase of the yolk emulsion. The presence
of lipases and proteases was shown by several investigators
at the beginning of this century (73)(74). The activity
of the yolk proteases, which is low in the yolk-sac at
the beginning, is believed to reach a maximum on the tenth
day, the time of maximal catabolism (75). Lipolytic
activity is low until the fifth day and reaches a maximum
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at about the 16th day. Goldstein et al. (76)(77) have shown

that the kathepsin activity of the yolk and yolk-sac increases
up to the 15th day and then remains constant. This picture so
much resembles that of the growth of the yolk-sac that the
latter is probably the largest factor in it.

Needham has shown that the yolk-sac absorbs the yolk at
a very high rate during the first five days of incubation (78).
For instance, 1t takes up more than three times its own weight
on the second day. However, most of the material absorbed
during the early period is utilized for the growth of the
yolk-sac itself. The rate of absorption falls on the 6th day
and from then on stays constant. The amount of yolk taken
up per day after this does not exceed the weight of the yolk-
sac membrane)which at thls tlme requires only a small portion

of the absorbed material for its own metabolism.

(b) ZThe Yolk Proteins and Amino Acids

At the beginning of development the hen's egg contains
about six or seven types of proteins and a number of
smaller nitrogenous molecules. At the end it consists
of another set of proteins, mostly the avian body and serum
proteins, a further collection of simpler nitrogenous subs-
tanceg)and a quantity of incombustible products of protein
breakdown. Since the yolk is the main source of nutrient

for the embryo, there are corresponding changes in the yolk.

Sznerovna (79) studied the changes that took place in
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the white, yolk and embryo during development. She measured
the protein nitrogen of both the egg-white and the yolk at
the beginning of incubation and again near the end of the
incubation. She found no intrinsic change in them during
development, but in the embryo protein the mono-amino-

acids decreased and the di-amino acids increased.

Riddle (80) showed that the level of yolk proteins
rises)during the last five or six days of incubation)when
estimated as a percentage of the dry solids in the yolk.
This is due to a preference on the part of the embryo for
lipoids and fats, the concenfration of which decreases in
a correspondingly rapid manner. For five or six days be-
fore hatching, the absorption intensity for protein falls
rapidly and that for fatty substances rises (6b). Onoe
(81) showed that while vitellin and livetin are absorbed
by the yolk-sac at about the same rate, wvitellomucoid is
absorbed at a more rapid rate during the second half of
incubation.

The changes in individual amino acids in the protein
during incubation have been investigated (82)(83). Sendju
noted a fall in tyrosine, tryptophane and cysting)but no
change in histidine, arginine and lysine. Some of these
results were confirmed by Calvery who, however, could find
no chénge in tryptophane and noted a definite fall in
lysine content.

Many investigators have estimated the free amino acid
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nitrogen of the egg-yolk at various stages of embryonic
development. Among the first to study the changes in the
free amino acid levels were Tomita (57} and Nakamura (84).
They showed a rise in the free amino acids in the yolk
from about 5 mgm. percent wet weight Before incubation to
approximately 11 mgm. percent wet weight on the second day
of incubation. After that there was a slight increase in
the amino nitrogen to about 15 mgm. percent wet weight.
Uhfortunately)neither of them took into account the varying
water content of the white and yolk and their values are
therefore difficult to assess. As the water content of
the white i1s decreasing, the yolk increases its water
content during the first ten days of incubation, so that
the values reported by Tomita are probably too low. Aggaz-—
zottl (59) took the changing water content of the yolk and
of the white into consideration. He found that the free
amino acid nitrogen showed practically no change during
development when related to dry weight in the yolk. There
was approximately 1 mgm. free amino nitrogen per gram dry
yolke

There is certainly no 'g priori' reason for expecting
big changes, for the transfer of amiho acid molecules from
egg to embryo might vary greatly in intensity without
involving a difference in absolute amount or concentration
of the intermediary substances (6c). More recent work (85)
has shown that the amino acids increase until the ninth day
but then decrease until the twelfth day. Further changes

were not investigated by these authors.
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4, TUMOUR TRANSPLANTATION TO THE CHICK EMBRYO

The fertilized egg is an excellent medium in which to
study the effects of a tumour upon a host. Except for'the
exchange of gases, the fertilized egg is a closed system
and thus the metabolism of the embryo can be investigated
under fairly standard conditions. Further, one preparation
of a tumour can be injected into many eggs at the same or
different stages of development. Since the only require-
ment for the maintenance of the chick embryos is a constant
temperature incubator, there is no problem of feeding and
cleaning as 1s found with the usual laboratory animals.

It was shown by Rous and Murphy (86) that tumours could
be transplanted to the chorio-allantoic membrane of the
chick embryo. They used minced tumour and a filterable
agent of Rous sarcoma. The following year Murphy (87)
reported that mouse and rat tumours could be maintesined
on the chorio-allantois of the embryo by continuous passage
from egg to egg. This 1s possible because the developing
chlck embryo has no defence against the growth of heterolo-
gous tlssues and it will supply blood vessels and connective
tissue for the growth of the tumours (88)€(89)¢90). It is
also possible to obtain a pure straln of tumour cells after
several egg passages, since the tumour cells by this time
may have outgrown their original stroma (91).

After Taylor et al. (92) succeeded in 1942,in trans-
planting mouse and rat tumours into the yolk-sac of the

chick embryo, heterologous tumour transplantation has been
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used extensively. Tumours from chickens, ducks, mice, rats,
rabbits, guinea pigs and man have now been successfully
'transpianted to the fertile egg through the chorio-allantoic
membrane, yolk-sac, intra-embryonic and intravenous routes
(91). It is thus possible with this technique to obtain
data in much less time aﬂgrgonvenience than 1s possible with
the use of the intact animals. The cultivation of tumours
in eggs also makes possible the rapid screening of possible
chemotherapeutic agents with reference to both normal and
tumour tissue. The tumour and the embryo share a common
blood supply but do not interfere physically with each
other*s growth and development)so that it is also possible

to obtain information on the tumour-host relationship.

5 AMINO ACID INCORPORATION INTO PROTEINS
(a) In Wormal Tissues

The study of amino acid incorporation into proteins
was made possible when Schoenheimer and Rittenberg (93}
showed that ng labelled amino acids, administered to
animals, were incorporated into tissue proteins. 8ince
these early experiments, the incorporation of isotopically
labelled amino acids into body proteins has been used as |
an indication of the bilosynthesis of proteins.

The utilization of free amino acids instead of peptides
in the synthesls of proteins has been shown recently. The

direct incorporation of free amino acids into proteins has
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been verified by the study of enzyme synthesis in yeasts
(94), Bacteria (95), pancreas slices (96) and by the study
of the synthesis of milk proteins (97).

Halvorson and Spiegelman (98) investigated the effect
of the composition of the free amino acid pool of yeast
on induced synthesis of enzyme. They found that when they
induced synthesis of the enzyme maltozymase of the resting
cells suspended in a nitrogen free medium, there was a net
decrease in the concentration of internal free amino acids.

Other methods used in the study of free amino acid
utilization in yeast have been those of nitrogen starvation
and replenishment procedures (99))and the inhibition of
enzyme synthesis by interference with the utlilization of
the free amino acids.

Enzyme synthesis studies with bacteria (95)(100) as
well as those with yeast lead to the conclusion that the
primary pathway of induced enzyme formation involves synthe-
sis of new enzyme from free amino acids.

The synthesis of other proteins from free amino acids
has been investigated. Askonas et al. (101)(102)(103)
injected radioactive amino acids intravenously and found
that the free amino acids of the blood represented the
major precursors of the milk proteins. The radioactivity
of the free amino acids and of the milk proteins were the
samg/thus showing that the only source of amino acids for

the synthesis of the milk protein was from the amino acid
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pool. The specific activity of the radioactive amino acid,
wherever it occured in the protein chain)was exactly the same.
This proved that in all parts of the protein molecule the

injected free amino acid was used and that preformed peptides

or other precursors were not used)to any significant extent.

The aldolase and phosphorylase in the rabbit muscle
have been shown to be synthesized from free amino acid by‘
radioisotope technique (104). Free amino acids are also
incorporated into the ferritin of rat liver (109).

Conclusive evidence that free amino acids are the sole
source of proteins has been put forth by Monod et gl. (106).
They cultured bacteria in the presence of radioactive sub-
strate,which was thus incorporated into the proteins of the
organisms. The bacteria were then transferred to non-radio-
actlve medium and enzyme synthesis was induced. The induced
enzyme contained no radioactivity and hence could not have
been formed from the pre-existing proteins.

The synthesis of various proteins from free amino acids
has been demonstrated by several investigators under entirely
different experimental conditions. Xeast, bacterial and
muscle enzymes, milk protelns and ferritin all seem to be
derived from the free amino acid pool. If this conclusion is

Justified in each case, it seems reasonable to assume that

all protein is synthesized from the free amino acid pool.,



(b) In Tumours

Although there does not seem to be any difference
between the amino acid composition of normal and tumour
tissues (107)(108))there is evidence which indicates a
very active amino acid metabolism and synthesis of protein
in tumours. There seems to be a one-way passage of
proteins or protein-precursors from the metabolic pool to
the growing tumour)and this has led to the use of the
term "nitrogen trap" with reference to the tumour (109).

It has been shown (110) that the tumour grows by deriving
amino acids for protein synthesis from the breakdown of
the proteins of normal tissues and ufilizing them for its
own growthe.

There is a variation in the rate of amino acid incorpo-
ration in normal and in tumour tissues. Schemin and Ritten-
berg (111) found that although the tumour and liver picked
wp the radioactive glycine in the rat at the same rate, the
liver excreted the amino acid in about half the time that
the tumour tissue excreted it. On the other hand, the
muscle and skin excreted the glycine-N15 at an even slower
rate than the tumour. More recent work (112) has shown that
the incorporation of glycine-2-Clu into the liver is more
rapid than the incorporation into the proteins of tumour
and kidney of the rat. The incorporation of tyrosine was
also investigated (113))and it was found that although the
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final specific activity of the intestinal mucosa, kidney and
tumour was the same, the rate of incorporation of tyrosine
into the tumour was the slowest.

Zamecnik et al. (114) were the first to study the incorpo-
ration of amino acids into tumour slices. They showed that
alanine-l-Clu and glycine-l-Clu were incorporated into rat
hepatomas to a greater extent than into normal liver. The
discrepancy between rates of incorporation into the tumour
and liver.in in vitro and 1nvvivo experiments has been
explained by Zamecnik gt al. (115). They claim that although
the tumour has a greater capacity to incorporate amino acids
into proteins than liver, the lower rate of incorporation
which is observed in the intact animal is caused by a relati-
vely poor blood supply to the tumour. It was shown by Winnick
(116) that amino acids are incorporated into peptide bonds)
since no radiocactivity was released on treatment of the
protein with ninhydrin until after hydrolysis.

Most of the energy required for the formation of peptide
bonds from the amino acids is derived from that liberated
during the oxidatlon mediated by the functioning of the
citrie acid cycle (117). This is done by the storage and
transfer of energy through the medium of compounds with high
energy phosphate bonds, particularly adenosine triphosphate.
The presence of this cycle in tumours has been demonstrated
by Weinhouse S. et al. (118). Further evidence for the
presence of this cycle was given by Kit and Greenberg (119))



who showed that acetate-l-Clu was partly oxidized to 002
by mouse lymphosarcoma cells and normal spleen cells and
that some of the ClLF from the acetate was found in the
cell proteins. They also found that these processes and
respiration were inhibited by fluoroacetate. Kit and
Greenberg (119) also showed that oxidation of labelled
glycine, leucine and alanine to Clho2 occurred in mouse
lymphosarcoma, the oxidations probably involving the
citric acid cycle.

The source of the necessary energy in other tissues
has been shown to be the operation of the tricarboxylic
acid cycle and it is probable that this is slso true of

mammalian tumours with the avian egg as the host.
6. THE THESIS PROBLEM

It was observed, while transplanting tumours from
egg to egg, that the chick embryo with a tumour in the
yolk-sac or on the chorio-allantolc membrane was smaller
than the normal eighteen day o0ld embryo. Since both the
tumour and the embryo are actively growing tissues, it
seemed possible that the tumour was competing with the
embryo for the available nutrients coming from the yolk.

The proteins of the yolk are hydrolyzed to free
amino acids in the yolk itself. The liberated amino
acids are then absorbed by the yolk-sac, pass into the

blood stream and are thus made available for growth of

27
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the embryo. If there is a greater demand on the free
amino acids coming from the yolk in the presence of a
tumour, it is likely that there will be a decrease in

the free amino acid concentration in the yolks of tumour-
bearing eggs. A study was therefore undertaken to
determine the amino acid levels in the yolks of embryo-

nated tumour-bearing eggse.
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MATERIALS AND METHODS

1. MATERTALS

The chemicals used were all of reagent grade and all
solutions were made up with distilled water. The tumour
used in the present studies was the mouse sarcoma 37 which
was routinely carried in this laboratory. It was maintained
in a heterologous strain of male Swiss white mice by trans-
plantation from mouse to mouse. The fertilized white-shelled
eggs were all obtained from the same variety of hens (White
Leghorn) and were purchased in 30 dozen lots per week from

Stevenson's Poultry Farm, Ottawa, Ont.

2. METHODS

(a) Tumour Trans tation

(1) Storage of the Eggs

The eggs were shipped by express and on receipt were
put in storage at 20°C. until required (usually one to three
days after arrival). It was found that it is possible to
store the eggs for one to two weeks at 120C. to 20°9C, without
affecting their viability. The embryo in the egg develops
to about the thirty-two cell stage while the egg is still in
the oviduct of the hen. When the egg is laid, the egg cools
and development ceases until the egg is placed 1in an environ-
ment where there is optimum temperature (39-40°C.) and optimum
humidity (82%). It is for this reason that it is possible to
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store the eggs for some time without ill effects. 8ix days
before the eggs were needed for tumour transplantation onto
the chorio-allantoic membrane, they were placed into an
incubator in which the temperature and humidity were kept

constant at the optimum values.

(ii) Candling

On the sixth day of incubation the eggs were candled.
This was done in darkened room by shining a light from
within a blackened box through the eggs. The shellsof the
eggs are translucent enough to permit the blood vessels of
the living embryo to be seen when the eggs are held in the
light.

In the living embryo the blood vessels form a network
lying against the shell membrane occupying a space of about
4 cms. in diameter and this network can be seen through the
shell candling. If the embryo is dead however, the blood
vessels do not appear as a neat network of red vessels, but
as a brownish mass floating within the egg. In an unferti-
lized egg, there are no blood vessels or brownish flecks
and the yolk can be clearly seen. In this way, it is possible
to sort out the non-embryonated eggs and eggs with dead
embryos from the eggs which contain living embryos. The six

day old embryonated eggs were then used for tumour transplan-

tatione.
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(1ii) Preparation of Tumour for Transplantation

The egg is an excellent cultural medium for bacteria.
For this reason all possible precautions must be taken to
prevent bacterial contamination while preparing the tumour
for transplantation. The tumour is prepared in a box (see
photograph p. 32) which has been washed with 70% alcohol
and irradiated with an ultra-violet lamp. Rubber gloves
are worn and the arms are protected by rubber sleeves which
are attached to the box. All instruments and Petri dishes
are sterilized by heating in a hot air oven at 180°C. for
2 hourse The saline used to make the tissue suspension is
sterilized in an autoclave for 20 minutes at 120°C. at
15 1bs. pressure. By the use of this sterile technique
bacterial contamination is avoided.

Mouse sarcoma 37 was transplanted onto the chorio-
allantois of the six day o0ld embryo in the following manner.
The tumour for injection into the eggs was obtained either
from a mouse or from an egg. When a mouse was used as a
source of tumour, the animal was decapitated, the fur washed
first with 70% alcohol and then 1% alcoholic potassium iodide
and finally placed in the sterile box. Removal of the tumour
was then carried out. The sarcoma 37 was removed from the
mouse by cutting along the midline on the ventral surface)
taking care not to cut the peritoneal wall. The skin was

then cut laterally on either side of the tumour and gently
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pulled back so that the tumour, which is enclosed in a
capsule of connective tissue, was exposed. The tumour was
removed with forceps and scissors, i1f possible in one piece,
and placed in a sterile Petri dish where it was finely minced
wlth scissors.

When the tumour was considered to be well minced, it
was placed into a 5 ml. syringe through the top of the barrel
and its volume was measured. Approximately 2 ml. of 0.85%
sterile saline was drawn up into the barrel with a No. 19
needle. The tumour was well mixed by rolling the barrel
between the hands and then it was injected into a 20 ml,
rubber capped vial. Sufficient saline was added to dilute
the tumour 1ls4., The tumour suspension was further homogeni-
zed by drawing it into the barrel and then squirting it into
the vial. This was repeated-several times until the homo-
genate passed freely through the needle. The tumour was
then ready for transplantation.

The tumour for transplantation may also be harvested
from either the chorio-allantoic membrane (see photograph
pe 34 ) or the yolk-sdc of the 18-day old embryo. The egg
containing the tumour was placed in an egg cup in the
sterile box and the shell over the alr space was painted
with i1odine. The painted shell was then gently removed
with forceps. With another pair of forceps, the shell

membrane was removed and the chorio-allantois was exposed.



Photograph of a tumour on the chorio-allantoic membrane. The egg was
cut in half longitudinally and all of the contents, except the tumour

and the membrane, were removed.
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This was pierced)and the embryo with the yolk-sac was
carefully removed. The tumour was located on the chorio-
allantoic membrane or inside the yolk-sac around the sinus
terminalis (see diagram p. No))depending upon the site of
injection. The tumour was removed and placed into a sterile
Petri dish where it was treated in the same manner as the

tumour from the mouse.

(iv) Method of Transplantation

It is possible to cultivate tumour tissue at two main
sites in the egg, the chorio-allantoic membrane of the six-
day old embryo and the yolk=-sac of the four-day o0ld embryo.
Since the objective of the experiments was to study the
amino acid levels in the yolk, the presence of a tumour,
which is difficult to separate from the yolk and from the
yolk-sac, would give rise to complications. For this reason
the tumour was grown on the chorio-allantoic membrane, where
it was separated from the yolk and yolk-sac and the only
contact between the two was via the blood vessels,

Before the tumour suspension was prepared, the size and
position of the area vasculosa of the six day old embryos
were determined by candling the eggs. Tumour tissue, when
placed into a foreign environment, requires a blood supply
immediately)in order to obtain the nutrients essential for

growth. For this reason, the tumour tissue which is to grow

e
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on the chorio-allantoic membrane must be placed on the blood
vessels of the area vasculosa of the embryo. The area vascu-
losa must therefore be made easily accessible and this is
accomplished by turning the eggs on their sides, so that the
area vasculosa floats on top. The shell and shell membrane
need then only be pierced in order to allow the tumour to

be placed directly on the blood vessels. For this reason

the eggs were kept on their sides in the incubator during the
preparation of the tumour suspension.

One dozen eggs on a tray was then placed in the sterile
box and the shell over the air space and over the area vascu-
losa of each egg was painted with iodine. Holes were made
in the shell over the air space and over the area vasculosa
with a metal pointed rod. Kach was punctured in two places
to relieve the pressure produced by the volume of the injec-
tion.

The tumour suspension was drawn up into a 1 ml. syringe
and the standard No. 19 needle was replaced with a blunt-
tipped No. 18 needle. The needle was gently placed into the
hole, piercing the shell membrane above the area vasculosa
and 0.1 ml. of the homogenate was placed onto the chorio;
allantolic membrane (see diagram p. 3b). When the dozen eggs
had been injected, the tray was removed from the sterile box,
the holes were closed with cellulose tape and finally the

eggs were placed back into the incubator. This procedure



was repeated until as many eggs as were required had been
injected. Daily candling of the eggs was carried out to
check for eggs containing dead embryos. These eggs were
discarded. Twelve days later, when fhe embryos were
eighteen days old, the eggs were opened and the amino acid

determinations were made on the yolk.

(b) Extraction of Amino Acids from ¥olk

Free amino acids have been extracted from eggs by
several workers using various methods (59)(57). More
recently the free amino acids of the yolks of embryonated
eggs were extracted by homogenizing the several yolks
together with a Waring Blendor and then precipitating the
proteins of the yolks with cold 15% trichloroacetic acid
V/V (120). The amino acids were found in the filtrate
when the yolk precipitate was removed by filtration.

Another method was used by Williams et al. (85). These
authors precipitated the proteins of individual yolkswith
150 ml. cold acetone to which was added 3 ml. N HCl. The
acetone solution was separated by filtration and the acetone
removed by passing a current of air over the solution. The
dried residue was made up to an appropriate volume with
citrate buffer., The concentration of amino acids was deter-
mined on this extract. These methods were not considered to

be adequate for quantitative extraction of the free amino
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acids and the following modified procedure was therefore
adopted.

Individual yolk=-sacs and yolks from eighteen-day old
embryos were used. The yolk-sac was removed by carefully
cutting it away from the intestine and from the chorio-
allantoic membrane. If the yolk-sac was broken during this
procedure, it wés discarded)since the complete yolk was
needed for each extraction. The yolk-sac was placed in a
beaker of cold distilled water and rinsed free of egg-white
and uric acid. It was then dried with tissue paper and
weighed. The yolk and yolk-sac were then homogenized in
the Waring Blendor for 30 seconds and an aliquot of about
0.1 gm. was removed by means of a stirring rod. The aliquot
was then placed on a pre-weighed aluminum planchet for water-
content determination. Thls was done by weighing the planchet
and yolk before and after drying to constant weight in a hot
air oven at 100°C. overnight.

The homogenized yolk was precipitated according to the
method of Williams et gl. (85) by addition of 150 ml. cold
acetone containing 3 ml. N HCl. The pH of the mixture was
about 2.5. The mixture was further homogenized in the Waring
Blendor and the yolk was then allowed to stand overnight in
the acetone. Due fo the water content of the yolk the final
concentration of acetone was about 80%. The following

morning the acetone was filtered off and the precipitate
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was washed with 80% acetone. The filtrate and washingswere
collected and the acetone was removed by heating in a water
bath at 60°C, under vacuum,

There remained in the flask a thick yellow emulsion of
fats and water which contained the amino acids. The fat
was removed by washing the extract several times with ether
until the ether washings were colourless. At this stage
the aqueous layer, which contained all the amino acids, had
become clear. The last traces of ether were removed from |
the aqueous layer by passing a current of air over the
solution. The solution was then made up to 100 mle. with
distilled water and the determinations were made on this

solution.

(¢) Amino Nitrogen Determination

The Van Slyke Manometric Blood Gas Apparatus was first
used for the determination of the gases in blood (121)(122).
Since that time it has been applied to many microchemical
determinations such as the measurement of the amino nitrogen
in the aliphatlic™-amino acids. The primary amino nitrogen
reacts with nitrous acid to yield nitrogen according to the

equatibn:

+ HNO ——> ROH+ H O+ N
RNHQ 2 2 2

The nitrogen from other nitrogenous groups in the amino
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acids ds: not measured by the method because only the «-amino
groups react quantitatively in 3 to 4 minutes at room tempe-
rature (123), while NHé groups in other types of substances
react much more slowly. About 25% of any ammonia which may
be present will react in the time required for complete
reaction of «x ~amino acids (12#) and only 6 to 7% of the urea
present (125).

Theo~amino groups in the aliphatic acids may be deter-
mined in the presence of many other forms of nitrogen.
Therefore, the guanidine groups of guanidine itself, creatine
or arginine do not react at all, nor does the nitrogen in
the imidazole ring of histidine, the indole ring of trypto-
phane or the pyrollidine ring of proline and oxXyproline (123).

The reaction was carried out by degasing the glacial
acetic and the amine together under Torricellian vacuum in
the apparatus (123). The sodium nitrite was then added
without allowing air from the atmosphere to enter the vessel.
The solutions were then mixed by shaking under vacuum and
the nitrogen from the amine and the nitric oxide formed by
spontaneous decomposition of the nitrous acid were collected.
The collected gases were washed in alkaline potassium
permanganate in a Hempel pipette to absorb the nitric oxide.
The pressure of the nitrogen at a constant volume was then

measured and from this the nitrogen content was calculated

in the usual way (see exampile p. b0 ).
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EXPERIMENTAL
1. INTRODUCTION

The complete extraction of the amino acids ia essential
if'their level in the yolk is to be determined accurately.
Although excellent methods such as chromatography are
available for the determination of amino acids in aqueous
solution, these methods may only be applied to biological
materials affervquantitative extraction. In the presence
of proteins, it is important to ensure that the method of
extraction, though thorough, does not lead to hydroiysis
of any of the protein material that is present.

As discussed previously, White et al. (120) homogenized
yolks from normal and tumour-bearing eggs in the Waring
Blendor, precipitated the proteins with cold 15% trichloro-
acetic acid V/V and compared the glutamic acid levels in
the filtrates.

Williams et al. (85) precipitated the proteins of
individual yolks with 150 ml. of cold acetone containing
3 ml. of N HCl. The filtrates were evaporated under a
current of air and the dried residues taken up in citrate
buffer at pH 3.4. After centrifugation, the soluble extracts
were chromatographed both on paper and in an ion-exchange
column for the identification and estimation of the amino
acidse.

The methods employed by the above authors were used
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initially in attempts to obtain complete extraction of the
free amino acids from yolk. Both 15% trichloroacetic acid
and acetone were found to precipitate the yolk proteins
completely, but it was found that after re-extraction of
these precipitates with acetone, a considerable amount of
amino acids was present in the acetone extracts. Further
extraction of the residue with acetone yielded no further
amino acid nitrogen. A modification of Williams' technique
pased on this observation was therefore adopted.A

Since a measure only of the total quantity and not
of the individual amino acids was desired, the Van Slyke
manometric technhique was used to determine the amino acid

nitrogen in the yolk extracts.‘

2. RECOVERY OF GLYCINE AT VARTOUS CONCENTRATIONS

‘Solutioﬁs of glycine at various concentrations were
prepared and the amount of nitrogen in each solution was
recovered in the Van Slyke Manometric Apparatus to deter-
mine the accuracy of the method. The amino nitrogen was
liberated with nitrous acid and measured manometrically
as described in the previous section. Sample calculation

is given on the following page.
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5 ml., water for water blank determination at 20° to 25°C.j

Gas volume exerted by water = 2 ml.

Gas + water = 100 mm. Hg.
water = _98

Water blank = 2 mm. Hg.

Sample solution contailned 3.5 mg. glycine or 0.6 mg. I
in 5 ml. distilled water,
Pressure exerted by gas from sample and water at 259C.;

Gas volume = 2 ml.

Gas + water = 498 mm, Hg.
water = _98
Therefore gas = 400 mm. Hg.
- Water blank = __2
398 mm. Hge
x factor to give mg. amino N 0,001506

in sample. 0.599388 mg., N
Percent error 0,0006 x 100 -  0.1% Error
0.6000

Therefore 0.6 mg. nitrogen was measured in a sample of

glycine which contained 0.6 mg. nitrogen.

44
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2, Sample Calculations

5 ml. water for water blank determination at 24°C.;

Gas volume exerted by water = 0.5 ml.

Gas + water = 189 mm. Hg.
water = 174
Water blank = 15 mm. Hg.

Sample solution contained 0.0067 mg. glycine or

0,00125 mge N in 5 ml. distilled water. This was obtained
by serial dilution,

Pressure exerted by gas from sample and water at 250C.;

Gas volume = 0.5 ml.

Gas + water = 192 mm. Hg.
water = 174
Therefore gas = 18 mm. Hg.

132
3 mm. Hge
x factor to give mg. amino N 0.000378

- Water blank

in sample. v 0.001128 mg. N

Percent arror 0.,0000k+ x 100 = 3,04 Error
0.,00117
Therefare 0.,00113 mg. nitrogen was measured in a sample

of glycine which contained 0,00117 mg. nitrogen.




TABLE ]

The Recovery of Glycine Nitrogen

Mg. N Contained in Sample Mg. K Measured
0.6 04599
03 0.299
0.15 0.151
0.075 0.0749
0.0375 040379
0.01875 0.01865
0.00937 0400939
0,00468 0.00465
0.,0023% 0.00236
0,00117 0.00113

Summary

The use of the Van Slyke Manometric Apparatus is an
easy and accurate method for the estimation of free «~amino

acid nitrogen.

2 (b) Recovery of Glycine After Extraction Procedure

It was important to see whether or not the extraction

procedure would effect the recovery of amino acids in
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aqueous solution. Glyclne and alanine were the two amino
acids used.

Several 10 ml. solutions of varying concentrations of
alanine, glycine and alanine plus glyclne were treated with
acetone and ether as described for the extraction of free
amino acids from egg-yolk. The final volume was made up

to 100 ml. and 0.5 ml. aliquots were used for each determination.
TABLE IT

Recovery of Glycine and Alanine After Extraction Procedure

Mg. K Contained in 0.5 ml. Sample Mg. N Recovered

Alanine 00157 00156
0.0785 0.078"
0.0392 0.039

Glycine 0.224 04223
0.112 0.112
0.056 0.057

Alanine 0.381 04381

plus

Glycine 041905 0.190

0.0952 0,095

0.0476 0.,0475
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Summary

The amino acids are not destroyed in any way during
the extraction procedure, nor does one amino acid interfere
with the measurement of another. In all cases it was
possible to'détermine quantitatively the amino acilds

present in aqueous solutions.

3¢ COMPARISON OF EXTRACTION PROCEDURES

M d 1

Individual egg-yolks from eighteen-day old embryos
were extracted according to the method of Williams et al. (85).
After removal of aliquots for the determination of water,
acetone containing N HC1l was added and the mixture was stirred
briefly with a glass rod. The extracted amino aclds were
dissolved in distilled water instead of citrate buffer at
pH 3.4+ The citrate buffer is the desired solvent for ion-
exchange chromatography. However, since only the total
amino acld nitrogen was to be measured, distilled water was
considered to be an adequate solvent for these experiments.
Aliquots of the aqueous solution were used for the nitrogen
determinations.

The yolk precipitate was then re-extracted by homoge-
nizing in the Waring Blendor in 150 ml. of 80% acetone
containing 3 ml. N HCl. The mixture was allowed to stand

overnight at room temperature and the following morning the
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acetone was filtered off and the precipitate was washed
with 80% acetone. The extract and washings were treated
in the manner already described (see pe 39 ).

Lo check for complete extraction of the amino acids,
the twice-extracted yolk precipitate was once more

extracted with acetone and treated as above.

Method 2

A variation of Williams' technique was made by homo-
genizing the acetone precipifated egg-yolk in the Waring
Blendor. The acetone was filtered off immediately and
the aqueous solution was then prepared for the nitrogen
estimation.

The precipitate was again extracted by leaving it in
the acetone overnight and the amino nitrogen in the aqueous
solution was détermined.

To ensure complete extraction the procedure was again
repeated on the twice-extracted egg-yolk and the amino

nitrogen was measured in the aqueous solution.

Method 3

A different technique (120) for the extraction of amino
acids was also tested. The yolk proteins were precipitated
with trichloroacetic acid as described earlier and the
aqueous solution was used for the free amino acid nitrogen

determination. The precipitate was further homogenized




with 80% acetone in the Waring Blendor and again extracted.
Finally re-extraction of the yolk was made to ensure complete-
ness of the procedure and the nitrogen was determined in the

final solution.

Method U

A second modification of Williams' technique was made
in which the homogenized yolk was left’in acetone overnight
to ensure complete extraction of the free amino acids. The
precipitate was again extracted with acetone and the nitrogen
was estimated in both extracts.

The amino acid nitrogen values for the different methods

of extraction are given in Table III on the followlng pagese

Summary

It may be noted that all four methods of extraction were
effective in removing the free amino acids from the egg-yolks.
However, a comparison of the results obtained for the extracts
within each method shows that only after homogenizing in the
Waring Blendor and allowing the precipitated yolk to remain
in acetone overnight was the major portion of the free amino
acids liberated. The fact that large discrepancies are
evident in the average total weights of amino hitrogen obtained
is in agreement with the observations of other workers (126) (85)
(127)(128) who observed that wide variations ocecur in the
amino acid content of different eggs. An attempt to demons-

trate this and more validly to compare the extraction methods




TABLE III

Comparison between Different Methods of Extracting Amino Acids from Yolk

Yolk _
wet wt, % Dry wt., Mg. N/gm.
gms ., Water gus, Mg. N/Yolk dry yolk
Group A * Method 1
BExtract 1 Yolk stirred
- wWith acetone; ’
then filtered 6.3 4L3.0 3.6 2.11 0.58
Extract 2 Ppt. homogenized
with acetone; ‘
left overnight 71.8 19.8
Extract 3 Same as Extract 2 0.02 negligible
Total mg. N/Yolk 73.9
% extracted on Extract 1 2.9%

* The values given within each group represent an average of the determinations on five

egg-yolks obtained from the same batch of eggs.

Table continued on following page.
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TABIE III (continued)

Yolk
wet wt. % Dry wt. Mg. N/gm.
gms . Water gas ., Mg. N/Yolk dry yolk
Group B ¥ Method 1
Extract 1 Yolk stirred
with acetone;
then filtered 10,5 44.0 5.88 4.1l 0.68
Extract 2 Ppt. homogenized
with acetone;
left overnight 123.7 21.0
Extract 3 Same as Extract 2 . 005
Total mg. N/Yolk 127.8
3.2%

% extracted on Extract 1

* fThe values given within each group represent an

egg-yolks obtained from the same batch of eggs.

average of the determinations on five

Table continued on following page.
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TABLE III (continued)

Yolk
wet . Wt. % Dry wt. Mg. N/gm.
gus. Water gms. Mg. N/Yolk dry yolk
Group A * Method 2
BExtract 1 Yolk homogenized
with acetone;
then filtered 9.1 Ll.5 5.3 33.7 6.35
Extract 2 Ppt. homogenized
with acetone;
left overmight 63.6 12.0
Extract 3 Same as Extract 2 0 0
Total mg. N/Yolk 97.3

% extracted on Extract 1

3k .6%

* The values given within each group represent an average of the

egg~yolks obtained from the same batch of eggs.

determinations on five

Table continued on following page.
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TABLE III (continued)

Yolk
wet wt. % Dry wt. Mg. N/gm,
gus. Water gms . Mg. N/Yolk dry yolk
Group B * Method 2
Extract 1 Yolk homogenized
with acetone;
then filtered 10.6 68.5 3.2 30.1 9.55
BExtract 2 Ppt. homogenized
with acetone;
left overnight 54.3 17.2
Extract 3 Same as Extract 2 0.008 negligible
Total mg. N/Yolk 8L.4
% extracted on Extract 1 35.6%

* The values given within each group represent an

egg~-yolks obtained from the same batch of eggs.

average of the determinations on five

Table continued on following page.

Y




TABLE IXI (continued)

Yolk

wet wt. % Dry wt. Mg. N/gnm,
gms. Water gus . Mg. N/Yolk dry yolk
Group A ¥ Method 3
Bxtract 1 Yolk stirred
with TCA;
then filtered 14.9 61.5 5.75 be5 .785
Extract 2 Ppt. homogenized 176.2 30.6
with acetons;
left overnight
BExtract 3 Same as Bxtract 2 0 0
Total mg. N/Yolk 180.7
% Bxtracted on Extract 1 2.5%

* The values given within each group represent an

egg-yolks obtained from the same batch of eggs.

average of the determinations on five

Table continued on following pagse.




TABLE III (continued)

Yolk
wet wt. % Dry wt. Mg. N/gm.
gms., Water gns., Mg. N/Yolk dry yolk
Group B ¥ Method 3
Extraet 1 7Yolk stirred
with TCA;
then filtered 11.0 48.5 5.3 L.53 .86
Extract 2 Ppt. homogenized
with acetone;
left overnight 162.9 30.8
Extract 3 OSame as Extract 2 0 0
Total mg. N/Yolk 169.4
% BExtracted on Extract 1 2.7%

* fThe values given within each'group represent an average of the determinations on five

egg-yolks obtained from the same batch of eggs.

Table continued on following page.
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TABLE III (continued)

Yolk
wet wt. Dry wt. Mg. N/gn.
gus., Water gns. Mg. N/Yolk dry yolk
Group A * Method 4 ’
Extraet 1 Yolk homogenized
with acetone;
left overnight 8.3 L6.7 hob 83.2 18.9
Bxtract 2 Ppt. homogenized
with acetone; :
left overnight 0.004 negligible
Total mg. N/Yolk 83.2
% Bxtracted on Extract 1 100%

*

egg-yolks obtained from the same batch of eggs.

The values given within each group represent an average of the determinations on five

Table continued on following page.
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TABLE III (continued)

Yolk
wet wt. % Dry wt. , Mg. N/gm.
gms., Water gus . Mg. N/Yolk dry yolk
Group B * Method 4
Extract 1 7Yolk homogenized
with acetone;
| left overnight 11.6 L6.5 6.3 145.1 23.1
BExtract 2. Ppt. homogenized
wlth acetonse;
left overnight 4 0
Total mg. N/Yolk 145.1
% Extracted on Extract 1 100%

* The values given within each group represent an average of the determinations on five

egg~yolks obtained from the same batch of eggs.




by subjJecting aliqueéts of the same egg=-yolk to the various
extraction procedures was made by the writer. Unfortu~
nately, it was found that homogeneous aliquots of the yolk
and yolk-sac could not be obtained.

Hydrolysis of proteins to free amino acids does not
occur when the yolk proteins are left in the acetone over-—
night. This is proved by the fact that amino acid nitrogen
cannot be measured in the second extract after extracting
the homogenized yolk precipitate with acetone.

Since Method %, in which the yolk was immediately
homogenized and extracted overnight in acetone, gave the
most rapid and satisfactory results without prior treat-
ments, it was adopted for further studies on the free amino

acid contents in the yolks of embryonated tumour-bearing
eggse

h: DETERMINATION OF FREE AMINO NITROGEN IN EGG-YOLK

(a) Sample Calculation

2 ml. of the aqueous solution of egg extract was
diluted to 20 ml. and 5 ml. of the diluted solution was

used for each determination.

Yolk wet wt. Z Water Dry wt. of ¥olk

11.4 gms. 48.5 5.97 gms,
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Pressure exerted by gas from sampile and water at 2300.;
Gas volume = 2.0 ml.
Gastwater = 497 mm. Hg.
water = 114
Therefore gas = 383 mm. Hg.
- Water blank = __2

381 mm. Hg.
x factor to give mg. amino 0.001516:
e in sample. 0.577596 mg. N

5 ml. or 0.5 ml. original solution contains 0.577 mg. N.
100 ml or 1 yolk contains 200 x .577 mge N = 115.5 mg. K.
1 gm. dry yolk contains 19.4 mg. N.

(b) Recovery of Glycine from Epg-¥blk

The possible interference of other substances in the
yolk with the extraction of the amlino acids was tested. A
known amount of an amino acid was added to the yolk and the
total amino acids present in the yolk were determined by the
methods previously described. An Increase in amino nitrogen
equal to the amount added was expected.

To each egg-yolk of unfertile eggs was added 44+.8 mg. N
or 239.7 mg. glycine in 5 ml. distilled water before the
yolk was precipitated with acetone. The amino acids were
then extracted in the usual manner and the total amino acid
nitrogen estimated in the Van Slyke Manometric Apparatus.
The values are given in Tables 1V and V.




TABLE &V

Data On Normal Unfertilized Eggs

Yolk wet wt. % Water Dry Wt. Mg. N/Yolk Mg. N/gm.
dry Yolk
20.15 46.5 10.8 11%.0 10.3
20.8 45,7 9.5 121.3 10.75
18.6 L48.05 9.65 96.6 10.0
19.5 46.6 10.4 110.5 10.6
18.6 49.5 9.4 115.65 12.3
19.1 48.6 9.8 120.5 12.3
19.3 49.9 9.65 117.5 12.3
18.9 49,7 9.5 115.5 12.2
20.1 50.15 10.0 12%.9 12.5
Average
19.4 L7.8 9.7 114.6 11.4%

€1
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TABLE V

Data On Normal Unfertilized Eggs With Glycine Added

Yolk wet wt. % Water Dry Wt. Mg. N/¥olk Mg. N/gm. Mg. N
Dry ¥Yolk added/gm.

Dry ¥olk
18.5 46.7 9.85 149.65 15.2 k.6
17.95 51.3 9.0 141.10 15.6 5.0
20.0 45.0 11.0 162.4 14.8 4.1
19.35 48.01 10.05 152.1 15.1 4.5
19.8 47,6 10.4 172,65 16.8 4.3
19.0 5042 9.45 168.7 17.8 4.8
18.6 49.8 9.35° 162.35  17.h4 4.8
18.0 47,5 9.45 165.1 17.5 4,75
19.2 50.5 9.5 170.0 17.9 %.75
Average
18.8 48.1  10.9 160.1 16.3 4.6
Actual Average Values:
(1) Normal yolk contains 110.0 mg.

N

(2) Yolk plus glycine contains 160.1 mg. N
(3) Glycine added per yolk 44,8 mg. N

Theoretical amount of nitrogen in yolk = (1) +(3) = 15%.8 mg. N

This is in close agreement with the actual value (2) = 160.1 mg. N
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Actual Average Values:
(4) Normal yolk contains 11.4% mg. N/gm. dry yolk
(5) Yolk plus glycine contains 16.3 mg. N/gm. dry yolk
(6) Glycine added 4.6 mg. N/gm. dry yolk

Theoretical amount of nitrogen in yolk = (4) + (6) = 16.0
This is in close agreement with the actual value (5) = 16.3
Summary

The glycine added to the egg-yolk may be recovered completely
and there is no interference with the recovery from the other

substances in the yolk.

5. MEASUREMENT OF POSSIBLE INTERFERING SUBSTANCES

It is possible to liberate 6-9% nitrogen from the total
urea present and 25% nitrogen from the total ammonia present
in the Van Slyke Manometric Apparatus during the reaction
period for « -amino acids (124%) (125). If urea and ammonia
are present in the yolk it would not be possible to estimate
the amino nitrogen without also measuring some nitrogen from
urea and ammonia. In view of this fact it was necessary to
estimate the amount of urea and ammonia measured in the
Van Slyke Manometric Apparatus and also to measure the amounts
of these substances in the yolk. Whether or not uric acid,
the main excretory product of the chick may be measured in

the Van Slyke apparatus was also investigated.
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(a) i Uric Acid Estimation In Agueous Solution

5 ml. sample contained 1.68 mg. uric acid or o.6 mg. N.

Amount of nitrogen measured = 0.0 mg.

ii Uric Acid Estimation In Egg-¥olk Extract

0.3 mg. N in 0.84% mg. uric acid was added to an aliquot

of egg-yolk extract and the nitrogen was measured.

Aliquot contained 0.32 mg. N
‘Aliquot plus uric acid contained 0.319 mg. N

Therefore uric acid cannot be measured in the Van Slyke
Manometric Apparatus. For this reason it was not considered
necessary to estimate the amount of uric acid in the yolk

nor does it interfere with the complete extraction of the amino

acids.

(b) 1 Urea Estimation In Aqueous Solution

5 ml. sample contained 1.07 mg. urea or 0.5 mg. N.

Amount of nitrogen measured = 0.043 mg. i -

Percent measured 0.04 x 100 _ 9.1%
0.5

Therefore 9.1% of the total urea is estimated in the
Van Slyke Manometric Apparatus under the conditions of amino

nitrogen determination.
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ii Urea Estimation In Egg-Yolk

The urea in the aqueous yolk extract was measured

according to the method of Krebs and Henseleit (129).
IABLE VI

Urea Estimation In Egg-Yolk

Addition to Mg. urea Mg. urea Mg. urea attributed
Basic Medium added recovered to added egg-yolk
extract

Blank 0.0 0.0653 -

Water and

acetate buffer

Urea 0.214% mg. C.211 -

Yolk extract 0.21k4 0.279 0.012

and urea

Yolk extract 0.0 0.048 -

It can be seen from Table YI that there is no significant
amount of urea in the extract. Therefore the methods
employed do not reveal the presence of urea in the yolk

extract.

(c) 1 Ammonia Estimation In Agueous Solution

5 ml. sample contained 0.49 mg. NHLCl or 0.125 mg. N.

Amount of nitrogen measured = C¢.042 mg.
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Percent measured 0,042 x 100 = 34.5%

It is thus possible to measure 34.5% of the total
ammonia in aqueous solution in the Van Slyke Manometric

Apparatus.

ii Ammonia Estimation In Egg-¥olk Extract

The micro~-technique of Braganca, Quastel and Schucher
(130) using the Warburg Manometric Apparatus was employed
for the determination of ammonia in aqueous extracts of

the yolk.
TABLE VII

Ammonia Estimation In Egg-¥olk

Addition to uM NH_ added uM NH. recovered ﬁH.NHg attributed

Basic Medium 3 3

added. egg-yolk
extract

Water Blank 0.0 0.5 -

N’H);Cl 5.5 6.0 -

Yolk 0.0 0.k —

extract

NHgCl and 5.5 5.7 --

Yolk extract
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It can be seen from Table VII that there is no significant

amount of ammonia in.the egg=-yolk extract. The ammonia
liberated from amides can also be egtimated in this mannere.
Since there is no appreciable liberation of ammonia, it can be

concluded that there are no amides in the extracte.

Summary
Nine per cent of urea nitrogen and 34.5% of ammonia

nitrogen present in aqueous solution can be measured in the
Van Slyke Apparatus under the conditions of amino nitrogen

determination.

There 1s no ammonia or urea measured in egg-yolk extract;
uric acid if present cannot be measured by the techniques ised

in these experiments.

6. EFFECT OF TUMOUR ON THE FREE AMINQ ACIDS IN THE YOLKS OF
EMBRYONATED EGGS

Free amino acids can be incorporated into tumour (119).
When a tumour is growing in an embbyonated egg it is likely
that the free amino acids in the yolk may be utilized in this
manner. To investigate this possibility, the free amino acid
levels were measured in yolks of eggs containing 18-day old
embryos with 12-day old tumours on the chorio-allantoie
membrane and eggs containing normal 18-day old embryos.
Eighteen~day old eggs were chosen for these studies for two

reasons. The tumour is well developed in size after 12 days:

of growth and thus exerts its maximum effect at this stage.
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Secondly, the yolk-sac has not yet started to be retracted |
into the abdomen of the embryo as is the case in older eggs.
Tables VIII and IX show the amino acid levels in the yolks
of 20 embryonated non-tumour-bearing eggs and 20 embryonated

tumour-bearing eggs.

TABLE VIII

Data on Normal 18<Day 01d Embryonated Eggs

Yolk Mg. N/gm.
Embryo Wt. wet wt. & Water Dry wt. Mg. N/yolk dry yolk

Group A
25,2 gme 1046 gme 42,1 6.0 gmn, 120.2 mg. 19.9 mg,
2645 11.5 40.6 648 146.8 21.7
23 . 843 48,6 4,25 86.5 20.h
24,3 8.3 43,1 4,7 101.k% 21.5
25.0 13.4 50 o1t 646 154.2 23.2

Group B
24,1 10.5 62.8 3.9 78.3 22.5
22.6 9.1 41.9 563 100.4 25.6
23.9 5.15 536 5el5 74.0 14,3
25.1 12.3 48,5 643 78.8 12.4
25.9 8.5 47,1 4.5 6.0 1.3
2k.0 11.0 46,1 549 24,2 %1

Table continued on following page.




TABLE VIII (continued)
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Embryo Wt. wet wt. % Water Dry wt.

Yolk

Mg. N/gm.

Mg. N/yolk dry yolk

Group C
26,9 gm, 12.8 gm. L47.1 6.8 gme 112.8 mg. 18.1 mg.
2741 11.7 47,2 6.2 87.6 14.2
25.9 12,7 51.0 6.2 221,1 35.6
23.1 11.h4 48,5 6.0 115.5 19.3
24.8 10.3 45.9 5¢6 242,15 4345
Group D
26.1 10.6 495 5.8 9te2 16.1
2342 12.2 48 .4 63 101.0 16.0
22.5 10.2 46.0 5¢5 92.2 16.8
25.0 12.6 44,10 70 110.1 15.6
Average
24,8 gm, 10465 gm 48.4 5.7 gme 1074 mg. 19.1 mg.
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TABLE IX

Data on 18-Day 0ld Embryonated Eggs with Tumour om Chorio-

allantoic Membrane

Embryo Tumour wet
wt.gms, wt, mgs.,

Yolk wet % Dry wt. Mg. Mg, N/gnm,
wt. gms. Water gms. N/Yolk dry yolk

Group A
19,0 250
18.9 456
18.1 398
16.1 1115
17.6 300
Group B
17.9 295
16.6 1210

Yolk broken in one egg

19.1 571
18.5 653
17.0 1256
Group C
17.5 779
16.9 1361
18.1 478
17.2 501
16.1 1016

9.0 46.6 4.8 50,2 10.5
12.8 L85 6.6 47.1 7.15
13.5 51.4 6.6  61.5 9.1
8.2 Mol 3.8 10.9 2.9
8.6 50,3 k.3 A47.h  1l.1
10.6 L5.15 5.9 45.0 7.6
9.8 L2.3 5.8 8.6 1.5
12.2 50,2 6.1  64.8  10.65
10.9 42,0 6.3  21.1 3.3
12.5 L6.8 6.65 1.5 0.25
11,4 L7.7 6.0 36.6 6.13
11.4 L3.2 6.l 5.1 0.79
12.7 L7.0 6.7  8L.9 12,1
8.3 W7.2 bk 49.8 11,3
13.4 43.2 6.40  18.9 2,95

Table continued on following page



TABLE IX (continued)
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Embryo Tumour wet Yolk wet % Dry wt. Mg. Mg, N/gnm.
wt.gms, wt, mgs. wbt., gms. Water gms. N/Yolk dry yolk
Group D
18.1 801 13.1 L9.6 6.6 274 Le.l5
17.9 778 15.0 L8.2 7.8 L0.95 5.3
17.8 221 11.8 L7.5 5.6 81.0 14.3
15.7 698 12,6 4L8.2 6.5 33.5 5.2
Average
17.7 683 10.9 4L6.8 5.9 37.3 6.1
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When the two tables are compared it can be seen
that the average free amino acid level in the yolks of
tumour-bearing eggs is considerably lower than that of
the yolks of non-tumour-bearing eggs. A more detailed
examination of the data in Table IX reveals further that
the total amino acid concentrations in the yolks of
tumour-bearing eggs appear to be inversely proportional
to the wet weight of the tumour. Thils relationship
between tumour weight and amino acid nitrogen in the

yolk is illustrated in Filgure 1 (see p. 13).

Re t

It can be seen that the chick embryos with a tumour
on the chorio-allantoic membrane weigh 7 gms. less than
the normal embryos. A relationship could not be found
between the difference in weight of the chicks and the
wet weight of the tumours. There seems to be a slight
decrease 1ln average water content of the yolk of a tumour-
bearing egg which may or may not be significant since
there is quite a variation in the water content from egg
to egg. The level of the free amino nitrogen decreases in
the presence of a tumour. This decrease is inversely

proportional to the size of the tumour,
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7. EFFECT OF GLYCINE UPON THE FREE AMINO ACIDS OF THE

YOLK OF THE TUMOUR-BEARING EMBRYONATED EGG,

Since the free amino acids in the yolk are decreased
in the presence of a tumour, it may be possible that the
addition of an amino acid to the yolk during the growth
of the tumour may reduce this tendency. The tumour might
utilize the added amino acid: and thus leave the yolk amino
acids for the growth of the chick embryo. Glycine was the
amino acid added to alleviate the demands on the yolk amino
acids. It was added in sufficient amounts to be detected
above the other amino acid nitrogen in the Van Slyke
apparatuse.

The yolks of 5-day old fertilized eggs were injected
with 95.8 mg. glycine or 17.9 mge N in O.4 ml. distilled
water. The tumour was placed onto the chorio-allantoic
membrane one day later. The amino acids were extracted
in the usual way on the 18th day. The effect of glycine
upon normal fertilized eggs was investigated first and

the results are given in Table X,
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TABLE X

Data on Normal 18-Day 01d Embryonated Eggs with Glycine Added

Mg. N
Embryo Yolk wet % Dry wt. Mg. N/gm. added/gm.
wt. gms. wt. gms. Water gms. Mg. N/¥olk dry yolk dry yolk

Normal
22,7 11.0 39.7 6.65 7943 12,0
21.7 10.8 43.0 6ol 7845 12.75
20.0 843 40.0 540 72.8 1.6
22.3 9.1 YWi,0 5.l 770 15.1
21.8 11.4 43.2 5¢7 7643 13.h
Average _ i

21,7 10.1 41.9 5.7 7648 13.6

Glycine Added

19.0 11.5  L5.45 6.3 98.3 15.5 2.85

19.4 12.0 Wl o 6.3 95.6 15.1 2.8

18.3 11.6 48,2 6.0 93.5 15.55 3.0

15.8 11.2 46,9 5.9 9.8 159 3.0

16.3 11.3 41.3 6.6 a6 14,3 247
Average

17.7 11.5 45,8 6.2 95.3 15.3 2.8




Actual Average Values:

(1) Normal yolk contains 76.8 mg. N
(2) TYolk plus glycine contains 95.3 mg. N
(3) Glycine added per yolk 17.9 mg. N

Theoretical amount of nitrogen in yolk = (1) *(3) = 94,7 mg. N
This is in close agreement with the actual value (2) = 95.3 mg. N

Actual Average Values:

(4) Normal yolk contains 13.6 mg. N/gm dry yolk
(9) 7Yolk plus glycine contains 15.3 mg. N/gm. dry yolk
(6) Glycine added per yolk 2.8 mg. N/gm. dry yolk

Theoretical amount of nitrogen in yolk = (4)+ (6) = 164 mg. N/gm.

dry yolk. This is in close agreement with the actual value

(5) - 1503 mge N/gmo dry yOlko

Results

The results given in Table X show that the addition of
glycine causes a decrease in the weight of the chick embryo
and that the added glycine nitrogen is quantitatively

recovered from the normal yolk.

7 (b) Recovery of Glvcine from Egg-Yolks of Tumour-bearing
Embryonated Eggs.

Glycine was injected into normal and tumour-bearing eggs

and the results are given in Tables XI and XII.




TABLE XTI

Data on Normal 18-Day 0ld Embryonated Eggs with Glycine Added

Embryo wzglgt. % Dry wt. Mg. N/gm,
wt.gms. gus ., Water gms. Mg. N/Yolk dry yolk
28,0 14.6 L7.1 77 118.7 14.1
30.2 12.5 48,0 6.5 91.6 1.1
29.0 13.3 48,8 6.8 102.1 15,0
25.7 8.3 4L,6.7 Lol 83.2 18.9
26,1 10.4 ,L8,.8 5.3 100.3 18.8
26.8 9.6 49.3 4.85 97.8 20.2
27.1 10.9 47,2 5,75 91.7 16.0
26.5 11.3 49.1 5.75 89.8 15.6

Average _
27.4 11.3 48,1 5.9 96.3 16,5

Table continued on following page.
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TABLE XI (continued)

Embryo Yolk % Dry wt. Mg. N/gnm. Mg. N
wt,gns. wet wt, gms. Water gms ., Mg. N/Yolk dry yolk added/gm.
dry yolk
22,8 9.9 Lh.1 5.5 109.6 19.9 3.2
23.0 12.4 4L8.5 6.4 115.9 18,1 2.8
19.2 10.8 Li .1 6.05 112.3 18.6 2.9
21.5 11.8 46.5 6.3 118.2 18.6 2.8
23.2 11.6 50.75 5.7 108.5 18,7 3.1
R2.4 10.9 46.7 5.8 113.3 19.5 3.0
21.0 12.1 49.5 6.1 112,.2 18.3 2.9
21.8 11.5 50,2 5.7 117.8 20.3 3.1
Average
21.8 11.3 L7.3 5.9 113.4 19.0 2.9

8L



TABLE XTI

Data om 18-Day 0ld Tumour-bearing Embryonated Eggs with Glycine Added

Tumour Yolk

Embryo wet wt, wet wt, % Dry wt, Mg. N/gm,

wt.gms. mgs. gms. Water gus., Mg. N/Yolk dry yolk
17.2 515 10.8 L7.7 5.65 28.2 5.0
18.1 261 8.0 39.9 4 .80 50,1 10.4
19.2 438 9.3 50.1 L .65 4L0.0 8.6
18,6 849 12.5 L9.4 6.3 31.8 5.05
16,5 1002 13.1 4L8.7 6.7 22.8 3.#
19.1 660 12.4 L9.3 6.3 35.2 5.6
18,7 345 9.3 L7.6 L.8 LO.4 8okt
18.5 565 8.5 4L8.3 L.b 334 7.6
17.9 950 9.3 L7.6 4.9 17.2 3.5
17.5 245 9.2 L5.3 5.05 63.7 12.6
Average

17.8 580 11.5 4L6.6 5.3 36.3 7.2

Table continued on following page.
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TABLE X11 (continued) ~

Tumour Yolk Mg. N
Emnbryo wet wt. wet wt. % Dry wt. Mg. N/gm. added /gm.
wi.gns. mgs. gms. lWater gms. Mg. N/Yolk dry yolk dry yolk
15.9 993 15.0 76,0 3.6 15.8 4.4 4,95
12.6 548 11.1 44,5 6.15 44,7 Tel 2¢9
17.2 522 19,6 56.4 8.55 76.9 9.0 2.1
16.3 909 11.2 49,2 6.8 30.6 4,5 246
18.1 301 1z2.1 48,7 6.2 76,9 12.4 2¢9
17.5 502 10,7 51.6 5.2 60,4 12,0 Bed
18.2 718 12.1 49,8 6.05 39.0 6.45 2.95
17.7 827 10,1 50.2 5,05 35.8 Tel 3¢5
16,9 381 11.1 48,7 5.7 61.0 10.7 3.1
18.1 213 12.0 49,1 5.9 86.7 14,7 3.0
Average
16.1 591 12.5 52.4 59 52.8 8.8 3.l

08
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Actual Average Values:

(1) Normal yolk contains 96.3 mg. N

(2) Yolk plus glycine contains 113.4 mg. N

(3) Glycine added per yolk 17.9 mg. N
Theoretical amount of nitrogem in yolk = (1) + (3) = 114.2 mg. N
This is in close agreement with actual value (2) = 1l1l3.4 mg. N

Actual Average Values:

(4) Normal yolk contains 16.5 mg. N/gm. dry yolk
(5) Yolk plus glycine contains 19.0 mg. N/gm. dry yolk
(6) Glycine added per yolk 2.9 mg. N/gm. dry yolk

Theoretical amount of nitrogen in yolk = (4) + (6) = 19.4 mg. N/am.
This is in close agreement with actual value (5) = 19.0 mg. N/gnm.
dry yolk.

Actual Average Values:
(1) Yolk of tumour-bearing egg contains 36.3 mg. N
(2) Yolk plus glycine contains £2.8 mg. N
(3) Glycine added per yolk 17.9 mg. N

Theoretical amount of nitrogem in yolk = (1) + (3) = 54.2 mg. N

This does not agree with the actual value (2) = 52.8 mg. N,

therefore glycine is not completely recovered from the yolk

in the presence of a tumour.

Actual Average Values:
(4) Yolk of tumour-bearing egg contains 7.2 mg. N/gm., dry yolk
(5) Yolk plus glycine contains 3.8 mg. N/gm..dry yolk
(6) Glycine added per yolk 3.1 mg. N/gm. dry yolk
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Theoretical amount of nitrogen in yolk = (&) % (6) = 10.3 mg. N/gm.
dry yolk, This does not agree with the actual value (5) = 8.8 mg.
N/gm, dry yolk, therefore glycine is not completely recovered

from the yolk in the presence of a tumour.

Results

‘ The results in Tables XI and XII indicate that injected
glycine in the yolk is utilized in the presence of a tumour.
A comparison of the figures reveals that the amount of free
nitrogen in the yolk from the injected glycine 1s inversely
proportional to the welght of the tumour. This relationship
between the tumour weight and the amino acid nitrogen in the
yolk is illustrated in Figure 2 (see page 83)., Another curve
was plotted which represents the theoretical amount of amino
acid nitrogen which might be present im the yolk of a tumour-
bearing egg in thepmesénce of added and unutilized glycine.
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Figure 2. Relationship between size of tumour and
amino acid nitrogen concentration after the injection of

glycine.
(o) Curve A Endogenous free amino nitrogen

in the presence of a tumour

) Curve B Endogenous free amino nitrogen
plus glycine nitrogen in the
presence of a tumour

a Curve C Theoretical amount of amino
nitrogen in the presence of a
a tumour 1f the glycine nitrogen
is not utilized

(Curve A 3.1 mg. glycine N).




Results

It can be seen from this graph that the amount of injected
glycine nitrogen found in the yolk increases with a decrease
in the size of the tumour. Curves B and C approach one
another and would probably meet when the tumour is too small
to have an effect on the utilization of the amino acids in
the yolk. .

The average weight of 18-day o0ld embryos was approximately
3.0 gms. lower following an injection of glycine into the yolks
on the 5th day of incubation than the average weight of normal
18-day 0ld embryos. In the presence of a tumour the average
weight of the 18-day old embryos following the injecfion of
glycine into the yolks on the 5th day of incubation was about
1.7 gm. lower than the average weight of uninjected tumour-

bearing controls.

8. IDENTIFICATION OF AMINO ACIDS IN EGG-YOLK, \

Attempts to identify the amino acids in the egg-yolk
were matte, The normal yolk extract was concentrated 2.5

" times so that there was approximately 0.125 uM amino nitrogen

in each 0.01 ml. used for each spot. The chromatograms were |
run in two dimensions in two different sets of solvents.

Propanol, acetic acid, water and m-cresol, phenol, borate

buffer (131) was used for one set of solvents and propanol,

acetic acid, water and phenol, water and 8-hydroxyquinoline

(132) was used as the second set of solvents. Unfortunately,
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the salts in the yolk were not removed ahd the interference
from these was so great that identification of the amino

aclds was impossible in their presence.
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DISCUSSION

It was observed that the growth of the chick embryo
was inhibited by the presence of a tumour on either the
chorio=-allantoic membrane or in the yolk-sac. It was
supposed, therefore, that there is competition between
the two rapldly growlng tissues, the tumour and the chick
embryo, for the available nutrients in the yolk. Among
the nutrients which may be affected by the presence of a
tumour are the free amino acids and thus a study of the
levels of these substances was undertaken.

Several investigators have studied the amino acid
concentration in egg-yolks of normal fertilized eggs.
Tomita obtained approximately O.4+ mg. amino nitrogen per
gm, dry yolk, Aggazzotti obtained 1 mg. per gm. dry yolk,
Cook obtained 2 mg. per gm. dry yolk and more recently
Williams et gl. found 0.1l5 mg. nitrogen per gm. dry yolk.
None of these values are in close agreement with the 19 mge.
per gm. dry yolk reported in the experiments of this thesis.

From the results of the control experiments 1t seems
likely that in the past the amino acids were not completely
extracteds The total amino nitrogen extracted was approxi-
mately the same for Method 1, using acetone and Method 3,
using trichloroacetic acid. These methods were found to
extract only.3% of the total amino nitrogen extracted by
Method 4, By this method the precipitated proteins were



87

homogenized in the Waring Blendor and left in the acetone
overnight. When the yolk precipitated with acetone or
trichloroacetic acid was re-extracted with acetone and

'HC1, the yield of amlno nitrogen accounted for the difference
obtained by the two methods of extraction.

It was found that more amino acids could be extracted
if the acetons and precipitated yolk were homogenized in
the Waring Blendor. This innovation increased the effici-
ency of the extraction by about 35%. The remainder of the
amino acids could be obtained when the protein precipitate
was re-extracted overnight with acetone. Complete extraction
occurred only when the homogenized yolk extract was allowed
to stand in the acetone solution overnight.

One might suspect that the increase in the amino acids
extracted by leaving the mixture overnight is due to hydro-
lysis of the proteins. This is not so, however, because
after re-extracting the precipitate with acetone, amino
nitrogen could not be detected in the extracte If hydro-
lysis had taken place, it would have been possible to
measure amino nitrogen in the final extract. The fact that
no amino nitrogen could be detected indicates that complete
extraction of the amino acids had occurred.

A second possible reason for the discrepancy in the
results is that the small peptides were not precipitated

by the acetone. The 2 -amino nitrogen from the terminal
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groups of the peptides may thus have been measured in the
Van Slyke Manometric Apparatus. It was found, however, that
acetone, in the proportion used to precipitate the proteins
in Method %, also precipitated glycyl-glycyl-glycine,
glyeyl-glycine and glutathione. It is, therefore, fairly
certain that all the nitrogen was derived from free amino
aclids and little, if any, from peptides.

It is essential for the complete extraction of amino
acids from egg-yolks that the precipitated protein be well
homogenized in order to prevent trapping of the free amino
acids in the precipitate. It is also necessary to allow
the mixture to stand for some time so that complete
extraction can take place.

Once the proper method for the extraction of amino
acids was established, it was then possible to study the
effect of the tumour upon the amino acid concentration of
the yolk of an eighteen-day embryonated egg. Several
changes occur in the egg when a tumour is transplanted
into ite The most obvious change manifests itself in the
size of the embryo. The embryos which have a tumour on
the chorio-allantoic membrane weigh about 7 gms. less than
the normal eighteen-day old 25 gm. embryos. It thus becomes
obvious that the tumour is in some way interfering with the
growth of the embryo. One of the possible ways by which

the tumour can inhibit the embryonic growth is by competing
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with the embryo for the available nutrients. Since most of
the nutrients are found in the yolk, the tumour would
probably derive much of its nourishment from the yolk. The
studies on the amino acid levels in the yolk showed this to
be true.

The total amino nitrogen in the yolk of a tumour-bearing
embryonated egg was found to be approximately 6.1 mg. per gm.
dry yolk. That of the normél egg was found to be approximately
19.1 mg. per gme dry yolk. It was also shown that the size
of the tumour bore a definite relationship to the amount of
free amino nitrogen in the yolk. The larger the tumour, the
less amino nitrogen was found in the yolke. This is not
surprising since the larger the tumour, the greater would be
its demand upon the yolk for the a%ailable free amino acids
present. There 1s the other pbssibility that the demand
upon the yolk nutrients is negligible and the building blocks
for the tumour are obtained from the chick embryo itself
without affecting the yolk. This does not seem to be the
case, Since there is a diminution of amino acids in the
yolk in tumour-bearing eggs. It would be interesting to
devise a method whereby the source of the amino acids in
the tumour could be investigated.

Another interesting question arises from this - do the
amino acids from the yolk pass directly to the tumour via
the blood stream in the yolk-sac and chorio-allantoic




membrane, or do the amino acids enter the embryo first and
then indirectly reach the tumour? Whichever pathway the
amino acids take, they are probably incorporated into the
tumour proteins as free amino acids without necessarily
first being formed into peptides. This 1s the most probable
way in which proteins are synthesized according to Askonas,
Splegelman and other investigators.

The fall in the level of amino acids in the yolk in
the presence of a tumour brings up another question - 1s
there a decreasé 1in all of the free amino acidsy is there
a decrease in some and not in others giving an overall
effect of diminution of amino acids; or is there an increase
in one or nore amino acids and a greater decrease in others
giving a net loss of amino acids? The last explanation
may be the most acceptable one because White et al. found
an lncrease in glutamic acid of the yolk in tumour-bearing
eggs. There was a corresponding decrease of glutamine,

An attempt was made to identify the amino acids by
paper chromatography and then obbaln their approximate
concentrations by the comparison of the intensity of the
colours of the spots. This was not successful, however,
and thus only the total values of amino nitrogen are
reported in this thesis.

There may or may not be a decrease in the water

content of the yolk in the presence of a tumour. There

90
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was a decrease in water content in one set of experiments
and an inerease in another set. (ne would expect a decrease
since water is needed for the growth of the tumour. The
water required for tumour growth may, however, come fram
the albumen of the egg.

Since there was a disappearance in: the amino acids of
the yolk in the presence of a tumour, the possibility that
the addition of an amino acid to the yolk might replenish
the lost amino acids needed for embryonic development was
investigated. A saturated solution of glycine was injected
into the yolk one day before the injection of the tumour.
THe concentration af the glycine had to be high so that it
could be detected above the other amino acids. It was
possible to recover all of the added amino nitrogen in the
normal unfertilized eggs and also in the fertilized eggs
containing eighteen~day old embryos.

&kt first glance it seems surprising that all of the
added amino nitrogen should be recovered after being in the
yolk for two weeks {from the 5th to the 18th day of develop-
ment). The reason for this may be as follows: the fertilized
egg is a clogsed blological system where all conditions are
optimal for embyonic development. The additiom of sub-
stances will not improve conditions but will instead inter-
fere with development. The glycine which was added was not

required for embrynic growth since there was an optimum




concentration of nutrients in the yolk in the beginning.
The glycine was therefore not utilized but remained in the

yolk. Whether or not the glycine remained as such or was

converted to another amino acid cannot be stated. The total
amino nitrogen remained the same, however.

It was found that the addition of glycine inhibited !
the growth of the chick embryo. This is probably due to
the high concentration of tﬁe amino acid used since any
substance, if used in a high enough concentration, will
be toxic,

The picture is not the same if there is a tumour
present in the egg. The extra amino nitrogen from the
added glycine could not be recovered completely. Again
the size of the tumour seemed to play a part in the
recovery of the amino nitrogen. Although the number of
eggs used in this study was not sufficient to prove that
a relationship exists between the size of the tumour and
the removal from the yolk of added glycine, the values
from the ten eggs used were plotted and the curve obtained
seemed to indicate that the larger the tumour in the egg,
the smaller the amount of glycine nitrogen that could be
recovered (see figure 2).

Another curve was plotted which represents the theore-
tical amount of amino nitrogen which might be present in

the yolk of a tumour-bearing egg in the presence of added
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and uhutilized glycine. The comparision of the two curves
indicates that the utilization of added glycine increases
with an increase in the size of the tumour. Therefore, as
the tumour size decreases, the amount of detectable glycine
nitrogen increases until a point is reached at which no
glycine nitrogen is utilized and, hence, all of it can be
recovered.

One would expect that the addition of glycine would
make more amino aclds available for the development of the
embryo in the presence of a tumour. This does not seem to
be the case since the weight of the chick embryo may even
be further decreased by the addition of the glycine as
indicated by the following data (taken from tables VIII;IX,X,XII)

Average Weight

Normal embryo 24,8 gms.
Normal embryo + glycine 21.9 gms.
Tumour-bearing embryo 17.7 gnms.
Tumour-bearing embryo + glycine 16.8 gms.

The loss in the weight of the embryo caused by the addition
of glycine is not as great in the tumour-bearing egg as in
the normal egge. If the glycine added to the egg has a
toxic effect upon the growth of the embryo, it is possible
that the presence of a tumour alleviates this condition by
utilizing this extra glycine and thus reducing its concen-

tration.
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SUMMARY AND CONCLUSIONS

Acetone was found to be an efficient solvent for the
complete extraction of amino acids from egg-yolks
provided that the yolk precipitate was well homoge-
nized and allowed to stand in the acetone overnight.
Hydrolysis of proteins did not take place under

these conditions.

One amino acid did not interfere with the recovery

of another amino acid during the extraction procedure.
Neither urea nor ammonia was found in the yolk
extracts of 18-day old embryonated eggs.

The average weight of the 18-<day old chick embryo in |
the presence of a tumour was less than the average
weight of the normal embryo.

The free amino nitrogen in the yolks of tumour-bearing
eggs was substantially less than that in non-tumour-
bearing eggs. The concentration of the total free
amino acids was shown to be inversely proportional

to the weight of the tumour.

Glycine, injected into the yolk on the fifth day of
incubation, inhibited the growth of the normal chick
embryo even though the added glycine was completely
recovered from the yolk after the second week of

incubation,
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Injected glycine was partly removed from the yolk in
the presence of a tumour. The amount of glycine

removed was shown to be directly proportional to the

weight of the tumour.
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