SCIENCE REPORT OF THE YOKOSUKA CITY MUSEUM, NO. 1 27
March, 1956

Squid producing an abundant Luminous secretion
found in Suruga Bay, Japan

Yata HANEDA*

(With 2 Plates)

INTRODUCTION

According to Dr. E. N. Harvey (1952) luminous squid may be divided into three
groups, depanding on their method of light production : 1) Those associated with lumi-
nous bacteria ; 2) Those producing an abundant luminous secretion ; and 3) Those
with well-developed photophores and intracellular luminescence. The first and second
groups are all my>psid and the third group belong to all oegopsid squid.

Among these 3 groups the second is the most interesting. It is sometimes thought
that perhaps the luminous secretions of dcep sea squid have replaced the more familiar
and so-colled ““ink> ejections ; however no atterapts have been made to confirm this.

Until recently, Heleroleuthis dispar, a decp sea luminous squid occasionally caught
along the coasts of southern Ttaly, was the only species known to be of the second group.
‘This squid has been studied by many investigators since its discovery about 50 years ago.
Mever (1906, 08) made the first studies concerning this squid, examining the morphology
and histology of the light organ.  When Puraxront, in 1918 found lurainous bacteria in
th> organs of Sepiola and Rondeletia, he suggested that Heleroteuthis might also contain
luninous bacteria ; and in 1924 after a study of the luminous gland of this specics,
Pizrantoni postulated this to be true.  However, Mortara (1922, 24) proved PirrantoN
t> be mistaken, and conclusively showed that no luminous bacteria could be cultured
from the light organ of this spccies. Herrurtn (1936) also studied the morphology and
histology of this squid group.

The luminous organ of Heleroteutliis appears in both male and female, just posterior
to the anus and surrounded by a small ink sac. In 1925 during a trip to Messina, Italy,
Dr. Harvey was able to carry out a number of biochemical experiments on the lumi-
nous secretion of Heteroleulhis along with Dr. Skowron. Some of the results of
these experiments are contained in a report published by Skowrox in 1926, Importantly,
it was noted that the dried luminous gland of this squid would emit light when fresh
water was added. Also Dr. Harvey obtained negative result of Luciferin-Luciferase reac-

tion.
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Recently anather species of the same type of luminous squid, Sepéolina nipponensis

was discovered in Suruga Bay, Japan.
MATERIAL

This squid, producing an abundant luminous secretion, was originally reported in
the auther’s paper in 1935 under the name of Stololeuthis leucoplera VrriLL ; howerer, Dr.
S. Stillman Berry later correctly identified this squid as Sepiolina nipponensis (Berry).

In the winter season near the port of Heta on Suruga Bay, trawling boats draw their
nets 200—300 fathoms deep. In these nets Sepiolina are sometimes caught. Also, from
October to May deep-sea fishing boats set out from Yui and Kambara, also on Suruga
Bay, in quest of deep-sea shrimp (Sergestes prehensilis). In these nets too Sepiolina
appears somctimes. These nets are draw only at night, in comparatively shallow water,

where many bathypelagic organisms fly to the surface water.

OBSERVATIONS

As shown in Fig, 1, the mantle of this squid is 10 to 20mm long, and upon it appears
a pair of large white bands, which have been mistaken by some observers to be a lumi-
nous skin organ. However, disection reveals the round white luminous gland to be situat-
ed upon the ink sac and connected to the exterior by two openings.

Sepiolina is not luminous when freely swimming, but if touched, it will spurt through
its funnel a beauatiful and bright bluish secretion like that of the mollusc Pholas or
Rocellaria. The luminous secretion is ejected through the openings of the luminous

gland reservoir.
MORPHOLOGY AND HISTOLOGY

In his experimental observations of this squid, the auther preserved the whole body
in a fixative of sea water prepared with formalin and Bouin’s solution. The material
was cut at 10# transversely by celloidin, and stains used were haematoxylin-eosin and
also alminium morine (500.000 times diluted solution) for observation under fluorescent
microscope.

The luminous organ of this squid situated, in both male and female, on the rather
small inc sac, from which, even though they live in total darkness, they do eject a small
amount of ink whenever disturbed. This organ is not luminous, even when stimulated ;
only the secretion which is spurted through the gland openings is luminous.

According to Pizravrtoxt the luminous orgon of Heleroleuthis dispar consists of a
luminous gland, lenses, reflector, a reservoir with two discharge openings indicating its
paired origin, and muscles to squeeze out the secretion. The luminous organ of the

Sepiolina nipponensis is the same as that of the Heteloleuthis, but only in construc-
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tion. An illustration of the transverse section of Sepiolina is shown in Fig. 3.

The organ consists of a luminous gland, a reservoir with paired discharge openings
(OP), and muscles (Mi, M:) to squeeze out the luminous secretion. However, as this
organ manifests no luminous function in itself, but rather merely serves as a reservoir of
the luminous masses of the gland, it is difficult to accept Pizraxtosrs contention that
the organ itself is luminous, for the muscles (Mi, Mz) are not transparent, and evidence
no other lense or reflector functions.

As is seen in the Fig. 2, the luminous reservoir lies situated upon the ink sac (TN).
Blood vessels (V) enter through the muscles. The muscles (Mi, M:) are eosinophilic :
they stain with eosin, the gland cell stain selectively with Haematoxylin, and the luminous
masses of gland stain with eosin. Under microscopic observation in the compartments
of the gland (G) appear as clumps of both round and bacillus-like granules. Under the
Auorescent microscope, these granules shine with a yellowish-green when stained with
alminum-morine.

It seems that these granules tend to remove from the luminous gland reservoir to the
mantle cavity, where they become luminous through contact with the sea water contained
in the cavity, and from where they ave ejected through the funnel into the surrounding
water.

This would be difficult to establish by direct observation, however the construction
of the squid body the nature of the luminous ejection, and non-lumincus character of the

organ (reservoir of the luminous masses) itself would seem to validate this conclusion.

BIOCHEMISTRY

A number of luminous organ (reservoir) were removed from their bodies and thoroughly
dried. They were then ground in a mortar and moistend with water; the luminescence
was recovered.

A negative Lueiferin-Luciferase reaction was obtained by mixing hot water and cold
water extracts of the crushed luminous organ. There was also no light when Cypridina
luciferin was mixed with Sepiolina extracts or on mixing Cypridina Luciferase with
Sepiolina luciferin. If the cold water extract is allowed to stand until the light disap-

pears, it will not recover its light when ATP is added.
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Explanation of Plate V.

Fig. 1.
Fig. 2.

Sepiolina nipponensis (Berry) X2.5

Luminous gland reservoir of Sepiolina nipponensis X6

Explanation of Plate VI.

Fig. 3
Fig. 4

. Transverse section of the luminous gland reservoir. X 18

. Transverse sections of the luminous gland reservoir X800
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Fig. 3. Transvers section of the luminous gland reservoir. x 18
G, in compartments of the gland. GIL. C., gland cell. OP,
M, Mg, muscles to squeeze out the lumi-

discharge openings.
, inc sac. V, blood vessels.

nous secletion, TN

Fig. 4. Transverse section of luminous gland reservoir. x 800
Lettering same as in Fig. 3.
In compartments of the gland appears as clumps of both round

and bacillus form glanules.
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7/

Fig. 1. Sepiolina nipponensis (Berry) x 2.5 B, white band on the mantle.

Fig. 2. Luminous gland reservoir of Segiolina nipponensis »6

L, luminous gland reservoir. °'I'N, inc sac. OP, openiag of
| [=3 =3

luminous gland. F, funnel. E, eyeball.
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