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Pholasin is a bioluminescent photoprotein of Pholas dactylus. Pholasin is a commercially available photo-
protein used to measure intracellular reactive oxygen species. Although extensive efforts have been car-
ried out to determine the chemical structure of the prosthetic (chromophore) group, it still remains
unclear to date. Herein, we report the enhancement of pholasin luminescence by the addition of dehydro-
coelenterazine, which is organic substance of luminous squids’ photoprotein.

� 2008 Elsevier Ltd. All rights reserved.
Pholasin is a bioluminescent photoprotein of Pholas dactylus,
which is a marine, rock-boring, bivalve mollusk. Since the discov-
ery of its luciferin–luciferase reaction by Dubois,1 many efforts
have been done in order to analyze its bioluminescent mecha-
nism.2,3 Pholasin is now commercially available from Knight Scien-
tific Ltd. (Plymouth, UK), and Pholasin� is the registered trade mark
of Knight Scientific Ltd. Since pholasin luminescence is strongly
activated by reactive oxygen species (ROS), pholasin has been used
to measure the activities of intracellular peroxidase and myeloper-
oxidase.4–8 Pholasin has a prosthetic group which exhibits lumi-
nescence and the prosthetic group covalently binds to protein.
Müller et al. studied the prosthetic group of pholasin and reported
that coelenterazine (1) and Vargula luciferin (2) could not activate
pholasin luminescence.9 They concluded that a flavin moiety (3)
might be involved in the pholasin bioluminescence by using a fluo-
rescent spectroscopy (Fig. 1). However, precise structure of the
prosthetic group of pholasin was not determined and remained un-
clear. Due to the ambiguous structure of the prosthetic group, re-
combinant pholasin has not been activated as native pholasin10.

As mentioned by Shimomura,11 luminescence of photoproteins
obtained from luminous squids (Symplectoteuthis luminosa and
Symplectoteuthis oualaniensis), were also strongly activated by the
addition of ROS prepared from the combination of hydrogen perox-
ide and catalase. These photoproteins also possessed a prosthetic
group, which bounded to photoprotein. The chromophore was
comprised of dehydrocoelenterazine (DCL) (4) (Fig. 1) and apo-
photoprotein. This similar mechanism in the activation of lumines-
ll rights reserved.

: +81 52 789 1064.
s@asahi-net.or.jp (M. Kuse).
cence between pholasin and Symplectoteuthis luminescence
prompted us to investigate whether DCL (4) had any effect on
pholasin luminescence.

Our strategy was simple, thus we only investigated whether
pholasin luminescence was enhanced by the addition of DCL (4)
to pholasin solution.12 We assayed for pholasin with and without
DCL (4) by following the protocol of Pholasin� ABEL�-21 Kit
(Scheme 1).13 As shown in Graph 1, luminescence of pholasin with
DCL (4) resulted in three times higher light intensity than that of
pholasin without DCL (4). Both luminescence of pholasin with
and without DCL (4) finished within 5 min, and total light yield
of pholasin with DCL (4) gave four times higher light yield than
that of pholasin without DCL (4) in 5 min (Graph 2). Without
pholasin, DCL (4) did not yield any light in the buffer, thus DCL
(4) required pholasin to emit light.

We then investigated optimum amount of DCL (4) required to
enhance pholasin luminescence. Increase in amount of DCL (4)
did not affect enhancement of pholasin luminescence (Graph 3).
We also noticed that increase in volume of DMSO did not show
any inhibitory effect for pholasin luminescence.

To verify whether 4.0 mM concentration is the optimal concen-
tration of DCL (4) required, we investigated DCL (4) effect on
pholasin luminescence below 4.0 mM. As shown in Graph 4, phola-
sin luminescence was dependent of the concentration of DCL (4).
Decreasing concentration of DCL (4) from 4.0 mM caused the de-
crease in the total light yield of pholasin luminescence. Below
2.0 mM, DCL (4) did not show any enhancement of pholasin lumi-
nescence. Thus, we proved that luminescence of commercially
available Pholasin� ABEL�-21 Kit (100 lL) was enhanced by addi-
tion of dehydrocoelenterazine (2.0 lL of 4.0 mM DMSO).
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Figure 1. Structure of coelenterazine (1), Vargula luciferin (2), 4a-hydroxyflavin (3), and dehydrocoelenterazine (4).
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Scheme 1. Assay for pholasin luminescence with and without DCL (4).
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Graph 1. Time course of pholasin luminescence with DCL (A) and without DCL (B).
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Graph 2. Total light yield of pholasin luminescence in 5 min with DCL (A) and
without DCL (B).
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Graph 3. Total light yield of pholasin luminescence against amount of DCL (4) over
4.0 mM. Numbers on X-axis show amount of 4.0 mM DCL (4) in DMSO (lL) added to
pholasin solution (100 lL).
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Graph 4. Concentration dependence of pholasin luminescence against DCL (4)
below 4.0 mM.
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During these studies, we noticed that the light intensity of phola-
sin luminescence weakened over time, although we followed the
kit’s manual by storing our pholasin solution in a refrigerator at
3 �C. Koppenol group reported that pholasin� solution could be used
during 1 day5, thus, we investigated the decrease in activity of
pholasin for further days. As shown in Graphs 5 and 6, light intensity
of pholasin luminescence weakened after dissolving in reconstitu-
tion buffer. After 1 day, pholasin luminescence decreased by 5% of
the freshly reconstitute pholasin. After 3 days, the luminescence
was still enough for measurement. However, it was not easy to mon-
itor time course luminescence after 6 days. We need to derive a con-
dition to effectively store pholasin solutions without losing their
luminescent activities in our further studies.

By addition of DCL (4) to pholasin, we observed the enhance-
ment of pholasin luminescence. We confirmed that this lumines-
cence was not caused by a mixture of the buffers and DCL (4)
based on our controlled experiment. However, we could not con-
clude that DCL (4) is a true organic substance required to form a
prosthetic group of pholasin. This is because there is a possibility
that pholasin luminescence with DCL (4) might occur with differ-
ent luminescent mechanism from its original mechanism. It is
known that DCL (4) itself could not react with any ROS to show
luminescence, since DCL (4) is oxidized product of coelenterazine
(1).14 In order to react with ROS, DCL (4) needs to be converted
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Graph 6. Time course of pholasin luminescence in the presence of DCL (4) at 2 days
(C), 6 days (D), and 7 days (E) after pholasin was reconstituted. Peak max of light
intensities of C and B of Graph 5 are almost the same value.
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Scheme 2. Plausible chromophore (5) for pholasin luminescence with DCL (4).
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Graph 5. Time course of pholasin luminescence in the presence of DCL (4) at the
same day (A) when pholasin was reconstituted, and 1 day (B) after pholasin was
reconstituted.
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to the reduced form like a chromophore (5), which is similar to the
chromophore (50) of symplectin (photoprotein of Symplectoteuthis
oualaniensis)15 (Scheme 2). We now postulate that DCL (4) might
react with an amino acid residue of pholasin to form chromophore
(5) to be luminescence.

Only photoproteins of Symplectoteuthis species are recognized
as photoproteins that use DCL (4) as organic substance to form
chromophore. If DCL (4) is the organic substance for pholasin, this
might imply that pholasin is the second example of photoprotein,
which shows luminescence by forming a chromophore with DCL
(4). Pholasin could also use DCL (4) as an organic substance, since
both photoproteins show strong luminescence in the presence of
ROS.

Our finding that pholasin luminescence is enhanced by addition
of DCL (4) could be useful as recombinant pholasin might be acti-
vated with addition of DCL (4). Increase in pholasin luminescence
could be useful to measure intracellular ROS with higher sensitiv-
ity. We could observe three to four times dilute ROS with only a
simple combination of pholasin and DCL (4).

In conclusion, we observed the enhancement of pholasin lumi-
nescence by simple addition of DCL (4). This could be useful to acti-
vate recombinant pholasin and to assay for ROS with higher
sensitivity. Further investigation of this enhance mechanism of
pholasin luminescence by addition of DCL (4) is underway.
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