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ABSTRACT  Little information is available concerning enzyme activity in pri-
mordial germ cells (PGCs) of the early chick embryo. The present study is de-
signed to examine the disposition of alkaline and acid phosphatase activity in the
PGCs during their migration into the developing gonads of the early chick em-
bryo. White Leghorn chick embryos were sacrificed at daily intervals from 1 to 6
days of incubation. Following sacrifice the embryos were fixed, dehydrated, and
embedded in glycol methacrylate (GMA). Alkaline and acid phosphatases were
demonstrated by the simultaneous diazo-coupling method. The embryonic tissues
at the different ages were examined for PGCs and the histochemical reactions for
alkaline and acid phosphatasesin these cells evaluated. Acid phosphatase activity
did not appear within PGCs until 3 days of incubation, and then in only a few
PGCs in the active phase of their migration in the dorsal mesentery, suggesting
that there is no large wave of degeneration of these cells during migration. Alka-
line phosphatase activity was observed as early as 2 days of incubation in PGCs
during the passive phase of their migration in extraembryonic blood vessels. Alka-
line phosphatase-positive PGCs in the active phase of migration were also found in
the dorsal mesentery; however, the cellular localization of this enzyme differed
from that observed in the passively migrating PGCs, indicating that there are
alterations in the metabolic activities of these cells during the active and passive

phases of migration.

Little information is available concerning en-
zyme activity in primordial germ cells (PGCs)
of the early chick embryo. These cells, which
are formed from the hypoblast (i.e., extraem-
bryonic endoderm) in the area of the “germinal
crescent” (Swift, 1914), undergo a passive
migration through the blood vessels followed
by an active phase during which time they
pass from the blood vessels into the embryonic
mesenchyme tissue and then to the developing
gonads, which is their final destination. Two
enzymes which have been frequently associ-
ated with important cellular metabolic acti-
vities are acid and alkaline phosphatase. A
knowledge of their presence within a specific
cell can provide indications of the metabolic
processes occurring therein and, in the case of
the PGCs, assist in understanding what role
these processes might play in the migratory
activity displayed by these cells.

The histochemical localization of alkaline
phosphatase has long been used as an identify-
ing marker for PGCs in the human (McKay et

0003-276X/82/2023-0379302.50 © 1982 Alan R. Liss, Inc.

al., 1953), the mouse (Chiquoine, 1954; Clark
and Eddy, 1975), the rat (McAlpine, 1955), and
the rabbit (Chretien, 1966). Early studies on
the chick embryo using similar techniques
have not been effective since with the alkaline
phosphatase technique used, all cells stained
for this enzyme, thus impairing its use as ex-
clusive marker for the PGCs (Chiquoine and
Rothenberg, 1957).

The classical paper by Moog (1944) on alka-
line and acid phosphatase localization during
the early embryonic development of the chick
provides an in-depth account of the appearance
and distribution of these enzymes in different
organ systems of the developing chick embryo.
However, no mention is made of any activity in
the PGCs.

Techniques employed in these earlier studies
for localizing alkaline phosphatase involved
the use of paraffin-embedded tissues which
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necessitated exposing the tissue to harsh
chemicals and high temperatures. Such treat-
ment may have affected the precise appear-
ance and distribution of these enzymes. A tech-
nique is now available for acquiring thin sec-
tions of embryonic tissue and avoiding any ex-
posure of such tissue to harsh solvents used as
clearing agents and to heat, which insures pre-
servation of enzyme activity. This technique,
which involves the use of glycol methacrylate
(GMA) as an embedding medium (Nusbickel
and Swartz, 1979), preserves both histological
detail of the tissue and specific enzyme acti-
vity.

The purpose of this study is to examine the

disposition of alkaline and acid phosphatase
activity in the PGCs of the chick embryo
during their migration from extraembryonic
areas to the gonads in order to assess the meta-
bolic activity of these cells during this critical
period of their early development.

MATERIALS AND METHODS

Fertile white Leghorn eggs (Truslow Farms,
Inc., Chestertown, Md.) were placed in an incu-
bator at 37°C and 70% relative humidity.
Eggs were opened and embryos sacrificed at
daily intervals from 1 to 6 days of incubation
(Stages 8-29; Hamburger and Hamilton,
1951). Following sacrifice, embryos were fixed
in a solution containing 95% ETOH, 5% acetic
acid, and 10% neutral-buffered formalin in a
volume ratio of 85:0.4:10, respectively (Nus-
bickel and Swartz, 1979). After fixation for 1
hour, the embryos were dehydrated in a graded
series of ethanols and embedded in glycol
methacrylate (GMA). A detailed description of
the embedding procedure was provided in an
earlier publication (Swartz and Nusbickel,
1979).

The polymerized GMA blocks containing
the embryonic tissue were trimmed and 3-pm-
thick sections were cut on a Sorvall JB-4A
microtome using glass knives. Each tissue sec-
tion was mounted on a glass slide, air-dried,
and stored at 0°C until used.

The alkaline phosphatase technique
employed was the simultaneous diazo-
coupling technique, using naphthol AS-MX
phosphate as the substrate, at a pH of 8.4, and
Fast Red TR as the coupling salt (Burstone,
1962). Acid phosphatase was demonstrated
using naphthol AS-MX, but at a pH of 5.2 with
Fast Violet LB as the coupling salt (Burstone,
1961). Control slides were exposed to
incubation medium devoid of the substrate.
Incubation of tissue sections was performed at
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37°C using the drop method in a closed
environment incubation chamber (Nusbickel,
1980). Times of incubation were 1 hour for
alkaline phosphatase and 2 hours for acid
phosphatase. Following incubation, the
tissues were counterstained in 1% Fast Green
and coverslipped.

The embryonic tissues at the different ages
were examined for PGCs and the histochemi-
cal reactions for alkaline and acid phosphatase
in these cells were evaluated.

RESULTS
Acid phosphatase

One- and 2-day embryos were devoid of any
specific acid phosphatase activity. In 2-day
embryos numerous PGCs were found within
extraembryonic blood vessels; however, they
were negative for acid phosphatase (Fig. 1). In
these same embryos nonspecific acid phospha-
tase activity was observed in the yolk of the
area opaca (Fig. 2).

By the third day of incubation PGCs were
still seen within the vascular system; however,
most had left the intraembryonic circulatory
system and entered the dorsal mesentery.
Although some blood cells in the extraembry-
onic circulation were positive for acid phospha-
tase, the PGCs still circulating were not.

Numerous PGCs were found in the dorsal
mesentery at 4 and 5 days of incubation prepa-
ratory to entering the gonads. A few PGCs
demonstrated a positive reaction for acid phos-
phatase but most of these were located some
distance from the gonad (Fig. 3). Most PGCsin
close approximation to the gonads were devoid
of any acid phosphatase activity (Fig. 4). By
the fifth day of incubation the majority of
PGCs were situated within the developing
gonads and there was no indication what-
soever of any acid phosphatase activity in
these gonadal PGCs (Fig. 4). The results were
similar in 6-day embryos.

Alkaline phosphatase

Alkaline phosphatase activity was first
noted with consistency in PGCs as early as 2
days of incubation. PGCs found in the extra-
embryonic circulation at this stage of develop-
ment exhibited a positive reaction for alkaline
phosphatase activity in the form of a globular
deposit(s) in the cytoplasm near the nucleus
(Fig. 5). This type of reaction was still seen in
circulating PGCs at 3 days of incubation.

Once the PGCs left the intraembryonic circu-
lation and entered the mesenchyme a rear-
rangement in the distribution of their alkaline
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phosphatase activity ocurred. Whereas its
appearance in the vascular system was of a glo-
bular nature positioned near the nucleus, alka-
line phosphatase activity was now found to be

Abbreviations

BYV, Blood vessel

C, Coelom

DA, Dorsal aorta

DM, Dorsal mesentery
G, Gonad

M, Mesonephros

associated with the cell membrane found
around the entire border of the cell (Figs. 6-9).
This membrane-associated alkaline phospha-
tase activity was seen not only in those cells lo-
cated in the dorsal mesentery but also in those
cells already having reached their final destina-
tion in the gonads (Figs. 6, 7). This cell mem-
brane-associated alkaline phosphatase activi-
ty was also evident in clusters of PGCs near
the gonads (Fig. 8) and in PGCs undergoing
mitosis (Fig. 9).

Fig.1. Extraembryonic blood vessel of a 2-day (Stage 12)
chick embryo. Note that the primordial germ cell (PGC, ar-
row) is devoid of acid phosphatase activity. x 500.

Fig. 2. Section through the area opaca of a 2-day (Stage
12) chick embryo. The darkened areas in the yolk below the
blood vessel indicate nonspecific acid phosphatase activity.
X 500.

Fig. 3. Acid phosphatase activity in a PGC (arrow) lo-
cated in the mesenchyme between the notochord and the
dorsal aorta of a 5-day (Stage 26) chick embryo. Positive en-
zyme activity and the fact that this cell is located caudal to
the gonads suggests that the PGC may be undergoing de-
generation, x 500,

Fig. 4. Portion of the left gonad and dorsal mesentery of
a 5-day (Stage 26) chick embryo. Note the absence of acid
phosphatase activity in PGCs (arrows) in both the gonads
and dorsal mesentery. X 500.



Fig.5. Extraembryonicblood vessel of a 2-day (Stage 12)
chick embryo containing a PGC (arrow). The dark areain the
cytoplasm near the nucleus indicates alkaline phosphatase
activity. X 500.

Fig. 6. Low-power view of the gonadal area of a 6-day
(Stage 28) chick embryo. X 125.

Fig. 7. High-power view of left gonad and adjacent dor-
sal mesentery outlined in Figure 6. Compare the dark rim of
alkaline phosphatase activity along the cell membranes of
the PGCs (arrows) in both the gonad and dorsal mesentery
to the globular appearance of this enzyme activity in
Figures 5 and 10. X 500.

Fig. 8. Cluster of PGCs in the dorsal mesentery of a
5-day (Stage 26) chick embryo entering the gonad. Note the
darkened rings along the cell membranes of the PGCs in-
dicating alkaline phosphatase activity x 500.

Fig. 9. Alkaline phosphatase-positive PGC in mitosis in
the dorsal mesentery along the coelom of a 5-day (Stage 26)
chick embryo. Observe the cellular membrane-associated ar-
rangement of the alkaline phosphatase activity. X 500.

Fig. 10. PGC (arrow) in the mesenchyme near the
segmental branch of the dorsal aorta at the level of the
gonads of a 5-day (Stage 26) chick embryo. Observe the
globular appearance of the alkaline phosphatase activity in
the cytoplasm. X 500.
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Figure 10 is a photomicrograph of a PGCin
the mesenchyme near a segmental branch of
the dorsal aorta at the level of the gonads.
Although this cell is within the dorsal mesen-
tery, its alkaline phosphatase activity resem-
bles that of circulatory PGCs. Because of the
close approximation of this PGC to a blood
vessel, it is suggested that this cell may have
recently exited.this vessel and may be in a
transition stage withrespect to its distribution
of alkaline phosphatase activity.

DISCUSSION

The present report describes the localization
of acid and alkaline phosphatase in migrating
PGCs of the chick embryo. The PGCs of the
chick are unique in that they are first observed
in an area located anterior to the developing
embryo called the germinal crescent, situated
at the junction of the area opaca and area pellu-
cida (Swift, 1914). These cells bud off from the
endoderm and come to lie between the en-
doderm and ectoderm. With the development
of extraembryonic blood vessels in this area
the PGCs either migrate into or are trapped
within these developing vessels and, thus, be-
gin the passive phase of their migration, being
propelled through the bloodstream. With the
joining of the independently developing intra
and extraembryonic circulatory systems at 33
hours of development (Romanoff, 1960) the cir-
culating PGCs enter the embryo proper. The
majority of PGCs then actively leave splan-
chonopleuric blood vessels in the area of the de-
veloping genital ridges and gain access to the
mesenchyme of the dorsal mesentery from
which they actively migrate to the developing
gonads.

The alkaline phosphatase reaction has long
been used as anidentifying marker for PGCsin
mammalian species (Chiquoine, 1954; Mintz,
1959; Chretien, 1966); however, because of a
generalized reaction in many tissues of the
avian embryo it can not be used as sole means
of identification of avian PGCs (Chiquoine and
Rothenberg, 1957). With the advent of the use
of the periodic acid-Schiff reaction for identi-
fication of avian PGCs, resulting from their
high glycogen content (Meyer, 1954), studies
of alkaline phosphatase, a very important
metabolic enzyme, in these avian cells ceased.
With increased knowledge of theroleof this en-
zyme in cellular activities made available, it be-
came imperative to examine this enzyme in
these unique cells.

The results presented here clearly demon-
strate that the use of GMA as an embedding
medium is an effective means for histochem-
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ically localizing specific enzymes in PGCs. The.
resulting histological sections allow for easy
identification of the PGCs and precise cellular
localization of acid and alkaline phosphatase
activities.

Alkaline phosphatase activity is found as
early as 2 days of incubation in PGCs within
the extraembryonic circulation and is still pre-
sent in PGCs at 6 days ofincubation, the latest
stage studied. However, the cellular localiza-
tion of this enzyme differed significantly be-.
tween those cells in the passive and those in
the active phases of their migration.

Chiquoine (1954) and Mintz (1959) found
alkaline phosphatase activity in the PGCs of
the mouse to be evenly distributed throughout
the cytoplasm. More recently, the ultrastruc-
tural investigations of Jeon and Kennedy
(1978) and Clark and Eddy (1975) demon-
strated this enzyme at the plasma membrane
of mouse PGCs. Fujimoto et al. (1976) reported
alkaline phosphatase activity in smear prepa-
rations of PGCs taken from 2-day chick em-
bryos, but they made no mention of the cellular
distribution of this enzyme activity.

In the present study alkaline phosphatase
activity was also associated with the cell mem-
brane of the avian PGCs, but not until these
cells had reached the tissue or active phase of
their migration. Prior to this time the PGCs
are in the passive phase of their migration in
which they are propelled through the extra and
intraembryonic vasculature. During this
vascular phase, the PGCs also show a positive
reaction for alkaline phosphatase; however, it
is not evenly distributed along the cellular
membrane but is clumped in the cytoplasm
near the nucleus. Whether this clumped reac-
tion product originates in the Golgi apparatus
and then is transported to the surface cannot
be determined from this study. Examing these
cells ultrastructurally would assist in
elucidating this factor.

The role of alkaline phosphatase in the meta-
bolic plan of the cell is not clear. It has been
associated with the initiation of mineralization
in various calcifying tissues (Boskey, 1979).
This enzyme has been implicated in important
cellular processes such as secretion (Bradfield,
1950), phospholipid synthesis (Malone, 1960),
and carbohydrate metabolism (Moog and
Wenger, 1952). It has been observed at cell
membranes where active transport occurs
(Kaplan, 1972) and has been considered to be
involved in the transfer of metabolites across
cell surfaces (Zamboni and Merchant, 1973).

The difference in distribution of alkaline
phosphatase in passively and actively migrat-
ing PGCs indicates that there is a change
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occurring in these cells during these two
stages. Whether this changeis due to an altera-
tion of the metabolic activities of the PGCs or
whetherit indicates different stagesin thesyn-
thesis of alkaline phosphatase cannot be deter-
mined by this light microscopical study. Cer-
tainly the metabolicneedsof thesecells change
once theyreach the tissue and begin to actively
migrate. It may be that these cells are becom-
ing more specialized as they near the gonads.
This rearrangement of alkaline phosphataselo-
calization may reflect these changing activi-
ties. There are ultrastructural differences be-
tween passively and actively migrating PGCs.
Lee et al. (1978) observed chick PGCs in the
blood vessels to be more spherical in shape
than the tissue PGCs possessing pseudopod-
like projections. The membrane-associated
enzyme activity found in tissue PGCs actively
migrating to the gonad might indicate an
active metabolic interchange between PGCs
and the surrounding tissue. This interchange
may be of a secretory nature as aresponse to a
“chemotactic factor” emanating from the
developing germinal epithelium (Cuminge and
Dubois, 1969).

Acid phosphatase activity in migrating
PGCs was limited to a few PGCs in the dorsal
mesentery. The presence of acid phosphatase
has been associated with lysosomal activity
(de Duve and Wattiaux, 1966) and has been
used as an indicator of cell death. Karner and
Leikola (1976) suggested that the presence of
acid phosphatase in Henson’s node of the chick
embryo might facilitate cell migration through
the node by breaking down epithelial-type
junctions. Since acid phosphatase was present
in only a few tissue PCGs in this study, it
would appear that this enzyme activity is not
an indicator of a migratory force, but one of
possible degeneration.

This limited acid phosphatase activity in
PGCs suggests that there is no wave of degen-
eration of these cells during their migration.
Furthermore, thereis no increased incidence of
this enzyme activity in PGCs on the right side
as opposed to theleft side, which, if there were,
might account for the asymmetrical distribu-
tion of PGCs in the avian species. The explana-
tion for this asymmetry is still wanting.

Beginning with 5 days of incubation clusters
of closely associated PGCs are found within
the dorsal mesentery in close proximity to the
gonads (Swartz, 1975). The purpose for this
close association is not known. Since these
cells exhibit no acid phosphatase activity but
do demonstrate alkaline phosphatase activity
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similar to individual PGCs in both the gonads
and dorsal mesentery, it appears that these
cells are carrying out normal cellular activities
of PGCs. Whether the PGCs comprising thesg *
cell clusters will subsequently undergo degen-
eration is not known. Extending the present.
study beyond 5 days of incubation will aid in *
answering these questions. '

The present study has shown a limited ex-
pression of acid phosphatase activity in PGCs
and a difference in the cellular localization of
alkaline phosphatase activity in passively and
actively migrating PGCs. Work on the status
of other enzymes in these cells during this
migratory period may serve to elucidate the
metabolic activities of these cells and thus pro-
vide explanations for migration of these cells
to the gonads and not to some other embryonic
area.
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