While the specific origin of the
Colobinae used in this study is un-
known, their coat-color and facial char-
acteristics distinguish them as Indian
langurs.
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Venom and Venom Apparatus of the Bull Ant,

Myrmecia gulosa (Fabr.)

Abstract. The venom of Myrmecia gulosa (Myrmeciinae, Formicidae) is of a
proteinaceous type and is separated by electrophoresis into eight components.
The venom contains histamine, a hyaluronidase, and a direct hemolytic factor.
It also shows kinin-like activity. In structure the venom apparatus is found to be
massively formed internally as well as externally. It is distinguished from the
apparatus of representatives of other ant subfamilies by characteristics of the free
gland filaments, the reservoir wall, the intra-reservoir glandular area, and the

accessory gland.

The bull ant, Myrmecia gulosa
(Fabr.), was chosen as a subject for
studies on venom and the venom ap-
paratus because it belongs to the most
primitive subfamily of Formicidae
known (I), the Myrmeciinae, a group
whose distribution is restricted to the
Australian region (2).

Reduction of the sting in higher
ants such as the Dolichoderinae and
Formicinae (3), coupled with the loss
of stinging function as an aspect of
behavior, has long been recognized. On
the other hand the sting is well devel-
oped in the Myrmeciinae, where it ful-
fills a major function in the general
pattern of behavior. In M. gulosa
workers, the sting is used both de-
fensively, for the protection of the
nest, and offensively, in solitary forag-
ing for insects used as larval food.
Stinging activity is related directly to
temperature. At 18° to 20°C insect
prey introduced into laboratory colo-
nies are killed only after an interval,
if at all. At 25° to 30°C insects intro-
duced are killed immediately. This
temperature relationship has been con-
firmed by observation of the seasonal
behavior of M. gulosa in the field.
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The stimulus to sting appears to be
based on visual or sound perception,
but in nest defense, which follows a
complex behavior pattern that in-
cludes stinging, a pheromone may also
be involved.

In M. gulosa, as in other Hymenop-
tera, the venom apparatus of which
the sting is the external part, is made
up of (i) a pair of gland filaments
lying free in the body cavity which
are united in the form of a Y; (i)
a spheroidal venom reservoir into
which the base of the latter is inserted,
and from which a duct supplies the
bulb of the sting; (iii) an accessory
gland, also running into the sting
bulb; (iv) the sting mechanism itself,
which is supported on each side by
interconnected chitinous plates modi-
fied from the last three abdominal seg-
ments.

In the larger workers the terminal
part of the gaster containing the venom
apparatus is approximately 4.0 to 5.0
mm in length by 3.5 mm in width,
while the reservoir is 1.8 to 2.0 mm
by 1.4 to 1.5 mm. The sting shaft,
normally retracted under the gaster,
is three-fifths as long as the latter,

and the two venom gland filaments
coiled within the gaster are twice its
length. The lateral plates of the sting
are up to 2.7 mm by 1.9 mm in
extent, and they enclose strongly de-
veloped muscles which fill the end
of the gaster and activate the sting
lancets.

Several characteristics  distinguish
the venom apparatus of M. gulosa
(Fig. 1) from that of representatives
of other ant subfamilies. (i) The free
gland filaments are considerably longer,
but more slender than in other forms;
compare Pseudomyrmex (Pseudomyr-
micinae) (4), Solenopsis (5), Myr-
mica (Myrmicinae) (3), Bothriomyr-
mex (Dolichoderinae) (3), Formica

(Formicinae) (3) . (ii) The basal
section uniting the filaments (Fig.
1, n) has been found free only

in Pseudomyrmex and in two genera
of Ponerinae (6), in addition to
Myrmecia. In higher subfamilies the
glands penetrate the wall of the reser-
voir at their point of union. (iii) The
basal gland section enters the wall of
the venom reservoir at about one third
the length of the reservoir from its
posterior end. In Formica the point of
entry is at the posterior end, in
Solenopsis it is about the center, and
in Myrmica and Bothriomyrmex it is
at the apex. (iv) The wall of the
venom reservoir consists of an outer
network of heavy muscle strands and
an inner, tightly folded cuticular layer.
A similar muscle layer is reported to
occur in Formica, but has not been
reported in other genera. (v) After
penetrating the wall of the reservoir
the venom gland passes forward be-
tween its inner and outer layers, only
the terminal enlargement being invagi-
nated into the cavity of the reservoir.

"In Formica the invaginated region is

relatively much larger, while in Myr-
mica and Bothriomyrmex the gland is
completely invaginated from its point
of entry into the wall. (vi) The central
duct of the venom gland enlarges
terminally and opens straight into the
cavity of the reservoir, as in Myrmica
and Bothriomyrmex. In Formica, on
the other hand, it remains narrow and
is elongated and convoluted. (vii) The
accessory gland is a tubelike sac of
more or less uniform diameter as in
other groups of Hymenoptera, in con-
trast to the bulbous form in higher
ants such as Formica and Mpyrmica.
Further data on the morphology of
the venom apparatus of M. gulosa
will be reported in detail elsewhere.
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Fig. 1. Component parts of the venom ap-
paratus of the bull ant, Myrmecia gulosa
(Fabr.). Abbreviations: a.g., accessory
(Dufour’s) gland; d., venom duct; e.g.,
point of entry of free venom gland between
outer and inner layers of reservoir wall;
f.g.f., free gland filaments; n., “neck” re-
gion of venom gland; s.b., sting bulb; v.r.,
venom reservoir.

The collection of sting-bearing ants
in quantity and the extraction of their
venom present many practical diffi-
culties. These account in part for the
paucity of knowledge of ant venoms
(7), as distinct from anal and mandi-
bular secretions. During the present
study on M. gulosa collected in the
Sydney area, the venom was obtained
as a clear colorless fluid from the
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Fig. 2. Pherograms of paper electrophor-
etic separation (see 10) of the venom of
M. gulosa at pH 6.24, stained with ninhy-
drin, and with amidoschwarz 10B. The dis-
tribution curve for fractions II through
VIII was determined by measurement of
optical density at 640 mu for the amido-
schwarz-stained pherogram,
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venom reservoir, which was dissected
out of the gaster. The yield of dry
venom was 0.3 mg per reservoir, or
0.35 percent of the body weight of
the insect.

The venom, which was readily solu-
ble in water but insoluble in organic
solvents, gave a positive reaction to
each of the following reagents: nin-
hydrin, alkaline cupric sulfate, Millon’s
reagent for phenolic amino acids, and
Hopkins-Cole reagent for tryptophane.
The ultraviolet spectrum showed ab-
sorptions at 204 my and at 277 to
282 my, the latter being characteristic
of polypeptides containing aromatic
aminoacids. Acid hydrolysis of the
crude venom, followed by two dimen-
sional paper chromatography of the
hydrolysate (8), showed the presence
of at least thirteen amino acids, in-
cluding aspartic acid, glutamic acid,
lysine, glycine, histidine, serine, ala-
nine, proline, valine, leucine, and iso-
leucine.

When subjected to paper electro-
phoresis, with the horizontal technique
(9), the venom was resolved into at
least eight fractions (/0). Each frac-
tion gave a positive reaction with 0.2
percent ninhydrin; fractions II to VIII
also reacted positively with the protein
dyes bromophenol blue and amido-
schwarz 10B. At pH 6.24, fractions
I to V migrated to the cathode, and
fractions VI to VIII to the anode.
Pherograms, stained with ninhydrin
and with amidoschwarz 10B, and the
distribution curve for the separation
of the fractions, are illustrated in Fig.
2. The venom was similarly resolved
on starch gel (I/1), fractions II to
VIII again being stained by amido-
schwarz 10B.

Fraction I, ninhydrin-positive only,
was shown by comparative paper elec-
trophoresis and by paper chromatog-
raphy in three solvent systems to corre-
spond to histamine. A quantitative
colorimetric estimation (72) of the
dry venom showed 2 percent hista-
mine, a value corresponding to that
recently noted (/3) for the venom
of the bull ant, M. pyriformis. Frac-
tions IV and V showed strong hy-
aluronidase activity, estimated by the
turbimetric method of Tolksdorf et al.
(14). This activity, which was stronger
in fraction IV, was approximately one
fifth that of a standard enzyme prepa-
ration (330 U.S.P. units per milli-
gram) of hyaluronidase prepared from
bovine testes. Fractions IV and V also
showed a sustained kinin-like activity
on guinea pig ileum and on rat uterus

(I5). Fraction VII contained a direct
hemolytic factor, which was estimated
by a modification of Neumann and
Habermann’s procedure (/6). This
hemolytic factor was heat labile. The
venom did not appear to contain a
cholinesterase, 5-nucleotidase, or pro-
teinase.

This chemical investigation of the
venom of M. gulosa, together with
contemporary studies on M. pyriformis
(13), establishes for the first time the
nature of the components of a pro-
teinaceous venom in the Formicoidea
(see 7). In terms of chemical taxon-
omy, the venom is more closely re-
lated to that of the wasps (Vespoidea)
and bees (Apoidea) than to the ven-
oms of higher ant genera. Morphologi-
cally, too, as a member of the Hy-
menoptera Mymecia would be re-
garded as a genus like Vespa and
Apis whose venom apparatus is highly
evolved. But Myrmecia is a basic and
generalized ant genus, and within the
Formicoidea the venom apparatus has
evolved still further, so that there arc
structures such as those in the For-
micinae and Dolichoderinae which are
in part degenerate.
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