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Introduction

The hatching- of an amphibian embryo from its jelly capsule is
aided by a hatching substance that is secreted by the embryo. The nature
of this substance, sometimes called a hatching enzyme, has not been

completely characterized although it has been shown to be heat labile
(1) and to have a general proteolytic activity (4). This substance has
been demonstrated in both urodele and anuran embryos (1, 3, 4, 5, 6, 7,
10) and acts by digesting a hole in the jelly capsule surrounding the
embryo and thereby allows the wiggling embryo to escape.
It

has been shown in an urodele,

Amby stoma

opacum, that the pro-

duction of the hatching substance is restricted to the head region (6, 7).
In this region there are unicellular epidermal glands that are large and

and empty after hatching. This
phenomenon is true whether the hatching is natural or induced by treatment with pilocarpine. For this reason these cells have been given the
intact prior to hatching but collapsed

name hatching gland

cells.

Similar unicellular glands have been described in anurans (2, 11) but
there has been no demonstration of a localized production of the hatchingsubstance. The following experiments were performed to determine
whether the hatching substance in Rana pipiens embryos is produced in
a specific area or over the entire body surface.

Methods and Results

The basic approach taken in this work was to isolate portions of
pre-hatch embryos, culture alike pieces together, and then determine if
the media in which they were cultured contained any hatching substance.
Hatching substance was detected by the ability of the culture media
either to raise the vitelline membranes of gastrulae or to dissolve pieces
of jelly capsule.

In the first experiment 70 pre-hatch embryos, Shumway stage 16 (8),
were demembranated by removing all jelly capsules and membranes with
watchmakers forceps. The embryos were then placed in full strength
Steinberg's solution (9) containing antibiotics at the following concenand penicillin 0.04%. (This
solution from here on will be referred to as the standard solution.) They

trations: Elkosin 0.1%, streptomycin 0.04%,

were then put through three washes of fresh standard solution by transferring them with a pipette from one watch glass of fresh media to
another. The embryos were cut into quarters with iridectomy scissors
as shown in Fig. 1. Alike quarters were put together in standard solution in petri dishes and allowed to sit for two hours in order to heal.
Contribution #7S0 from the Zoology Department, Indiana University.
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1.

»Stage 16

Rana

pipiens

embryo showing

quarter designation in the

first

lines of cut

and

experiment.

They were then washed the same way as the whole embryos and

finally

placed in small plastic petri dishes containing standard solution. The
volume in the dishes was adjusted to 3.2 ml. Seventy embryos from the
same clutch of eggs were demembraned, washed, and placed in standard
solution and the volume was adjusted to 4.0 ml. Twenty-one control
embryos with membranes were put in standard solution. After 21 hours
at room temperature, 22° C, the controls were at late stage 19 and all
21 had hatched. The producers, that is the demembranated whole
embryos and the quarter embryos, were removed from their culture
media 10 hours later. The petri dishes of culture media were stored at
room temperature until 12 hours later when two stage 10 embryos (early
gastrulae) were put in each of the five culture media and in some stand-

TABLE
3 hrs.

I

6 hrs.

9 hrs.

23 hrs.

Standard Solution

Whole Embryos

+

Posterior Dorsal
Posterior Ventral
Anterior Dorsal
Anterior Ventral

Results of observations in the first experiment on the ability of
these solutions to raise the vitelline membranes of gastrulae. Time is
from the time the gastrulae were placed in the solution, -f indicates
raising of

membrane.
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ard solution. The test embryos were checked periodically for raising of
the vitelline membranes. The results are shown in Table I. From this it
is apparent that the anterior dorsal quarter of the embryo is the only
quarter producing any significant amount of hatching substance.

The second experiment was performed to localize, if possible, the
area producing the hatching substance. In stages 16 and 17, just prior
to hatching, the most anterior blunt end of the embryo is in direct contact with the vitelline membrane. An anterior view of the embryo (Fig.
2), shows a triangular shaped dark area which generally coincides with
the area of contact. This area was considered, therefore, as a possible
production site of the hatching substance.
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Figure

'1.

Stage 1G embyro showing dark area on anterior end
and lines of cut in second experiment.

Ten stage 17 embryos were demembranated, quartered, and washed,
as in the previous experiment, but only the anterior dorsal quarters were
These were then cut with glass dissecting needles, as shown in
and the following pieces were retained: the section containing the
dark area, the right side, and the dorsal section. These were washed and
alike pieces were put together in standard solution in a small depression
in wax contained in a watchglass. It was felt that the manipulation of
these small pieces of tissue would decrease their ability to function so
the volume of media was kept as small as feasible. Each culture contained, therefore, between 0.02 and 0.03 ml. of standard solution. These
small volumes precluded the use of gastrulae as test subjects. Instead,
small pieces of jelly capsule, taken from the experimental embryos during
demembranation, were placed in the cultures along with the pieces of
retained.

Fig.

2,

A

fourth culture of jelly capsule alone in standard solution was
The softening or solution of the pieces of
jelly capsule would indicate the presence of the hatching substance. The
watchglass was then put in a moist-chamber to prevent evaporation.

tissue.

set

up

in the watchglass.
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Twenty-one control embryos with membranes were put in standard soluand these and the cultures were left at room temperature, 25° C.
The pieces of jelly capsule were checked periodically for softening. The
results are shown in Table II. At 13 hours all of the control embryos
were at early stage 19 and had hatched. From these results it can be
concluded that the hatching substance is produced in the most anterior
region containing the dark area and probably to a lesser extent along
the dorsal part of the embryo.
tion

TABLE

II

13 hrs.

19 hrs.

—
—
±
—

—
—

Standard Solution
Right Side
Anterior
Dorsal

-f
-f-

Results of observations in the second experiment on the ability of
these solutions with their producers to dissolve pieces of jelly coat.
Time is from time of placement of embryo tissue and jelly coat in the

+

solution.

indicates softening or solution of the piece of jelly capsule.

Discussion

The

results of these experiments agree with the

Amby stoma opacum

work previously

and go further in showing a relatively restricted region of production which coincides with a visible landmark on the embryo. The descriptions of the distribution of hatching
gland cells in certain anurans indicate that most of the cells are located
in this frontal area and to a lesser extent along the dorsal midline (2, 11).
If it is assumed that the distribution of the hatching gland cells in R.
pipiens is similar to that described for other anurans then there appears
to be a correlation between the demonstrated production site and the
done with

(6, 7)

of the hatching gland cells. Obviously histological work
should be done to determine the location of these cells in R. pipiens.

distribution

Summary
Pre-hatch embryos were stripped of their jelly capsules and membranes and cut into quarters, or smaller sections, and alike pieces were
cultured together. The culture media were then tested for hatching
activity by determining their ability either to raise the vitelline membranes of gastrulae or to dissolve pieces of embryo jelly capsule. From
the results of these experiments it was concluded that the hatching substance was produced mainly in the most anterior portion of the embryo
and to a lesser extent along the dorsal midline.
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