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One of the striking biological features of bioluminescence is its wide
distribution throughout the phylogenetic spectrum of the animal kingdom. That
is, the ratio of the number of luminous species to the total number of species
is quite small, whereas the ratio of the number of phyla or classes containing
luminous species to the total number of phyla or classes is quite large (Harvey,
1952).

During recent years the chemistry of bioluminescence has been examined in
extracts of about 18 different species of bioluminescent forms (Cormier & Tot-
ter, 1964; Johnson & Haneda, 1966). The general observation has been that the
luciferin and luciferase extracted from one organism differs in chemical struc-
ture from the luciferin and luciferase isolated from another species, especial-
ly if this species is not a member of the same family. That is, the luciferins
and luciferases that originate from different species normally do not cross re-
act to produce light. The only apparent exception to this that has been re-
ported involves a cross reaction between a small crustacean, Cypridina, and two
closely related species of shallow water marine fish, Apogon and Parapriacan-
thus (Johnson. et al, 1960; Sie et al,, 1961).

The difficulty in establishing the cross reaction betweén Cypridina and
Apogon or Parapriacanthus as a true interphylum cross, is due to the fact that
the luminous gland of these fish is connected via a duct to the gut. 1In addi-
tion, luminous Cypridina have been found in the gut of these animals (Johnson

35_34311961). Therefore, it is possible that the luciferin and luciferase
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found in the luminous glands of these fish originate from ingested Cypridina.

However, we wish to report here that the luciferin and luciferase from a
marine fish, Porichthys, obtained from the Gulf of Mexico, cross reacts with
that of Cypridina. Unlike Apogon or Parapriacanthus, Porichthys contains hun-
dreds of true luminescent photophores. These beautifully arranged organs are
exclusively located within the dermis, are visible to the eye, and are com-
plex structures consisting of photocyte cells, lens cells and a reflector lay-
er (Harvey, 1952).

METHODS

Preparation of 1uciferin1 - The photophores from 20-50 fish were excised from
the animal, lyophilized, and extracted with 1000 ml of benzene for 24 hours
under a purified hydrogen atmosphere using a soxhlet apparatus. The hydrogen
was purified by passing over hot platinized asbestos. The extracted photophores
were dried, in vacuo, overnight and re-extracted with 500 ml of methanol for 3
hours under a hydrogen atmosphere. The methanol solution, containing 50-757
of the extractable luciferin, was quickly evaporated to dryness in a Buchler
flash evaporator. The residue was dissolved in about 2 ml of methanol and
stored at -25°C., A precipitate formed that was remoﬁed by centrifugation at
-20°C. This solution was further purified by thin layer chromatography under an
argon atmosphere. The adsorbent was cellulose and the developing solvent was
that of Tsuji (Tsuji, 1955). For comparative purposes in some experiments Cy-
pridina luciferin was prepared the same way from dried Czpridina?

Preparation of Porichthys Luciferase - Luciferase was extracted by grinding the

freshly excised photophores, in the presence of distilled water or 0.05 sodium
phosphate buffer, pH 6.9, with a Ten Broeck type tissue homogenizer. The de-
bris was removed by centrifugation at 12,000 RPM for 10 minutes and the super-

natant dialyzed vs 0.05M sodium phosphate buffer, pH 6.9 overnight. Some luci-

1Highly purified preparations of Cypridina luciferin and luciferase were gener-
ous gifts of Drs. F. H. Johnson and O. Shimomura, Princeton University.
The authors wish to thank Dr. H. Seliger for a generous gift of dried Cypridina.
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ferase activity was obtained by this procedure and was used in experiments des-
cribed below, Numerous attempts to increase the luciferase yield were made but
without success.

RESULTS AND DISCUSSION
Evidence for the identity of Porichthys and Cypridina luciferins - Chemical
properties, such as auto-oxidizable characteristics, solubility, and Rf during
chromatography, of both Porichthys and Cypridina luciferin are identical dur-
ing purification., The Rf of each on thin layer chromatography, using cellu-
lose as the adsorbent and Tsuji's solvent (Tsuji, 1955), is about 0.7.

Figure 1 shows that the kinetics of light production using either luci-
ferin, is about the same when catalyzed by (ypridina luciferase. In this ex-
periment the concentrations of both luciferins are adjusted to approximately
the same level, as judged by total light measurements, and the kinetics of

total light production then followed.
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Figure 1. Kinetics of Cypridina luciferase-catalyzed light production using
Cypridina vs Porichthys luciferin. 1 ml of 0.2 M sodium phosphate
buffer, pH 7.0, which contained 0.03 ml of a dilute solution of
Cypridina luciferase, was injected into an agsay vial containing
0.01 ml of luciferin solution. An intergrating circuit was used
for total light measurements.
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When either Porichthys or Cypridina luciferin is mixed with dilute Cypri-

dina luciferase solutions (not more than 10—3mg/ml), a brilliant bluish Ilumi-
nescent flagh is observed that requires dissolved 02 and is easily visible to
the non dark-adapted eye. At sufficiently low enzyme and high luciferin levels
it is possible to obtain a steady state of sufficient duration to allow one to
measure the spectral emergy distribution of the light produced. Figure 2 com-
pares the bioluminescent spectral energy distribution for the reaction cata-
lyzed by Cypridina luciferase in the presence of 0), and either Porichthys or
Cypridina luciferin. As illustrated in Figure 2 the emission peak in either
case is located at about 460 my and, furthermore, the half-bandwidths are also
the same.

Porichthys luciferase will also react with Cypridina luciferin to produce
light., However, the experiments indicate that the level of luciferase in Pori-

chthys is extremely low. Thus it was impossible to do quantitative cross re-
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Figure 2. Spectral energy distribution of the Cypridina luciferase-catalyzed
light reaction using Cypridina vs Porichthys luciferin. 0.1 ml
of a methanolic solution of either luciferin was added to 1 ml of
0.2 M sodium phosphate buffer, pH 7.0, which contained 0.03 ml of
a dilute solution of Cypridina luciferase. Emission as a function
of wavelength was recorded with the use of an Aminco-Bowman Spec-
trophotofluorimeter (uncorrected for photomultiplier sensitivity).
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actions with this enzyme. This low level of luciferase is consistent with
visual observations on the bioluminescence of Poriclithys. This animal pro-
duces a low level luminescence that persist for hours as contrasted to Cypri-
dina which produces a brilliant and short-lived flash (Harvey, 1952),

The experiments described above suggest that Porichthys and Cypridina
luciferins are either identical compounds or structurally very similar.

TABLE 1
Relative luciferin content of the tissues and body

fluids of Porichthys porosissimus

Tissue or Percent of Order of De-
Fluid Photophore creasing Luci-

Emission ferin Content
1 IT I II

Photophores 100 100 1 1

Head "gels" 37 8.1 2 2

Subocular gel 18 6.2 4 3

Upper opercular gel 31 6.0 3 4

Hindgut contents 14 4.5 5 5

Skin 12 3.0 6 6

Liver 4.0 2.5 7 7

Blood 4.0 1.7 7 8

Spleen 2.9 1.4 9 9

Peritoneal fluid — 0.88 - 10

Testis 3.3 0.82 8 11

Muscle 2.6 0.75 10 iz

Urine -— 0.55 - 13

Eye 1.2 0.36 11 14

Bile —— 0.35 - 15

Endolymph —— 0.22 - 16

Tissue and fluid samples were removed from two specimens of Porichthys
(I and 1I), weighed, and placed in 10 ml of cold methanol which was made 0.1N
with HCl. The suspension was homogenized 3 minutes at 0°C, under a argon at~
mosphere, with a Servall Omni-Mixer and centrifuged at 0°C to remove suspended
materials. 0.1 ml of the supernatant was assayed for activity as outlined in
Figure 1 except that the height of the flash peak was used as a measure of re-
lative luciferin concentration. At these light intensities the flash peak
height is a linear function of the 1ugiferin_ioncentration. Light intensities
obtained were converted to quanta sec = gram = of tissue or fluid for comparative
purposes.

Distribution of Porichthys luciferin within its tissues and body fluids - Table

I shows that, although the largest concentration of luciferin occurs within the

photophores of this animal, luciferin is widely distributed throughout its body.
The '"gels" around various parts of the head also contain a reasonable amount of

luciferin. These are gelatinous tissues covered by a thin layer of comnective
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tissue and skin. In contrast, luciferin was not found in the tissues of Op-
sanus tau, a very close non-luminous relative of Porichthys.

The fact that reasonable amounts of luciferin are found in various tissues
of Porichthys probably means that luciferin is either synthesized in the photo-
phores and is leached out continuously via the circulatory system or that luci-
ferin is synthesized in one or more tissues of the body, carried by the circu-
latory system, and stored in the photophores. Luciferase has been detected
only in the photophores.

Concluding remarks - The bioluminescent cross reaction reported here between
a crustacean and a fish would appear to have broad evolutionary implications
for bioluminescence. Apparently, certain types of bioluminescent systems that
occurred early in evolution have been maintained among fish, the most advanced
evolutionary examples of bioluminescence.

Cormier and Totter (1964) found that certain patterns could be recognized
among the known biocluminescent forms. For example, it was possible to group
various bioluminescent systems into several major groups according to the type
of biochemical reaction involved. It may be that only a relatively small number
of biochemical types exist and that numerous cross reactions will be uncovered
in the future. Thus Hori and Cormier (unpublished) have recently shown that the
bioluminescent systems of Cavernularia and Remilla will also cross react.
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