
Journal of 

The Chemical Society, 

Chemical Communications 

NUMBER 5/1976 3 MARCH 

Biosynthesis of Luciferin in Pyrophorus Pellucens 

By FRANK MCCAPRA* and ZIA RAZAVI 
(School of Molecular Sciences, University of Sussex, Brighton BNl 9Q J, Sussex) 

Summary The luminescent click beetle, P. pellucens, 
incorporates DL-cystine into the substrate in the light 
reaction, showing that luciferin is synthesised in adult 
beetles. 

THE mechanism of light emission during the oxidation of 
firefly luciferin has been reasonably well established, but 
much less is known about the biosynthetic origin of this 
unique molecule. It would also be interesting to know 
whether the adult insects emerge with sufficient luciferin for 
use during their lifetime as Seliger has estimated2 or 
whether luciferin is synthesised by the adult beetles as 
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SCHEME 1. 

indicated by the work of Okada and his co-workers.3 We 
now report a preliminary examination using the large click- 
beetle, Pyrophorus pellucens, from Trinidad.* This animal 
has two yellow-green photophores on the posterior portion 
of the pro-thorax and an orange-yellow organ on the ventral 

surface of the thorax. The luciferin from the former 
organs is identical to that from the other members of the 
Coleoptera so far investigated.6 

TABLE 

Compound Radioactivityc/mg 
43058 
4999b 

D-Luciferin (1) 
D-Lucif erin 

(2) 288 

a 33 beetles; b 115 beetles; C disintegrations/1000 s after 
subtraction of background radiation (1010 f 8d/s). 

By the administration of radioactive 2-cyano- B-hydroxy- 
benzothiazole to the Japanese firefly (Luciola species), i t  has 
been shown3 that some synthesis of luciferin may occur. 
However this compound readily formed luciferin with added 
cysteine in the buffered solution used in the experiments. 
The amount of radioactivity obtained in vitro was com- 
parable to that of the in vivo experiment. Thus confirma- 
tion of the synthesis in living animals would be desirable. 

x Ff” 

121 

4652 d/1000s [average) 288 d/1000s 

1- [14C]-~~-Cystine hydrochloride (0.05 mC, 1.2 mg) was 
dissolved in a 10% sucrose solution (10 ml), and 0.1 ml of 
this solution applied to each of 33 squares of filter paper 
(3MM, 1 cm2). The beetles (33) in separate plastic con- 
tainers were each given a filter paper and were seen to 
imbibe the solution avidly. Two more applications of the 
labelled solution were made to the filter paper in 48 h and 
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the beetles then dried directly in a desiccator. The photo- 
phores were excised, extracted with ethanol and 5mg of 
pure D-luciferin added to the residue after evaporation of the 
solvent. After purification by t.1.c. and crystallisation, i t  
was clear that the luciferin was active, (Table) but owing to 
the uncertainty of the amount of cystine consumed, i t  was 
not possible to give a radioactive yield. Essentially the 
same experiment was repeated using 115 beetles, with 
10 mg of luciferin for dilution. 

We can thus confirm that some synthesis of luciferin does 
occur in this species and perhaps in adult luminescent Cole- 
optera generally. A preliminary attempt was also made to 
substantiate our proposals for the biosynthesis of the benzo- 
thiazole grouping. This proposal is shown in Scheme 1, and 
although the order in which the reactions occur is not 
necessarily specified, the labelling pattern shown should 
result. We have fully characterised the derivative (2) first 
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briefly reported by the Japanese  worker^,^ and the results 
of the degradation to (2) are indicated in the Table. The 
carbon dioxide was not collected. Two explanations for the 
observed result seem possible. Either the proposal is 
essentially correct, and the low value obtained is caused by 

incorporation of an already present benzothiazole deri- 
~ a t i v e , ~  or the luciferin is more generally labelled to a small 
extent, and there is no specific labelling a t  C(2'). We 
degraded the luciferin to 6-hydroxybenzothiazole in an 
attempt to answer this question, but insufficient material 
prevented us recrystallising it to constant activity. Further 
work may show that C(2') is not derived from the carboxyl 
group of cysteine, and we therefore intend to investigate a 
modified hypothesis (Scheme 2), which shows a feasible 
route using an alternative carbon atom of the proposed 
benzothiazine (3). 

NH, 

Similar reactions, particularly those of the adducts of 
aminothiols and o-quinones related to dopa have been 
extensively investigated by Prota and his collaborators7 dur- 
ing their work on the trichochromes.8 Although the 
biosynthesis of these compounds has been examined,Q 
luciferin biosynthesis must differ significantly. An earlier 
attempts to demonstrate a feasible biosynthetic path 
mistakenly used a benzothiazine dimerlo as the substrate. 
We now report that cyclisation and ring contraction can 
occur in one synthetic operation apparently without in- 
volving the dimer. The adduct of cysteine ethyl ester and 
benzoquinone (4) (850 mg characterised and analysed as the 
trifluoroacetamide) was dissolved in ethanol (20 mi) and 
aqueous K,Fe(CN), (18 ml, 1 M), made basic with 4 N NaOH 
(1-2 ml), added. Work up after 1 h gave 67% of the 6- 
hydroxybenzothiazolyl ester (5)  in crude form. The ana- 
lytically pure material (20% yield) gave the expected 
analysis and showed satisfactory i.r., u.v., n.m.r., and mass 
spectra. Treatment of the benzothiazine dimer under 
identical conditions gave very little change in 5 h, as 
evidenced by the almost unchanged U.V. spectrum. Traces 
of the benzothiazole were observed by t.1.c. but on this basis 
the dimer is not an intermediate under these conditions. 

We thank the S.R.C. for financial assistance. 

(Received, 16th September 1975; Corn. 1059). 

F. McCapra, Endeavour, 1973,32, 139; F. McCapra, Y .  C. Chang, and V. P. Francois, Chem. Contm., 1968, 22. For a statement of 
the current position and most pertinent references see E. H. White, J. D. Miano, and M. Umbreit, J .  Amer .  Chem. Soc., 1975, 97, 198. 

H. H. Seliger, 'Chemiluminescence and Bioluminescence,' eds. M. J. Cormier, D. M. Hercules, and J. Lee, Plenum Press, N.Y., 
1973, p. 335. 

K. Okada, H. Iio, I .  Kubota, and T. Goto, Tetrahedron Letters, 1974, 2771. 
4 We thank Dr. Fred Bennett, Entomologist in Charge, Commonwealth Institute for Biological Control, Curepe, Trinidad for 

arranging collections of the insects. 
5 H. H. Seliger and W. D. McElroy, ' Light-Physical and Biological Action,' Academic Press, 1965, p. 182; Y .  Kishi, S. Matsuura, 

S. Inoue, and T. Goto. Tetrahedron Letters. 1968, 2847. 

7 G. Prota and R. A. Nicolaus, Advances i i z  B,ioZogy of Skin ,  1967, 8, 323; G. Prota, S. Crescenzi, G. Misuraca, and R. A. Nicolaus, 

* R. H. Thomson, Angew. Chem. Internat. Edn. ,  1974, 13, 305. 

lo G. Prota and E. A. Ponsiglione, Tetrahedron Letters, 1972, 1327. 

F. McCapra and 2. Razavi, J.C.S. Chem. Comm.,  1975, 42, 492. 

Exfierientia, 1970, 26, 1058; G. Prota, 0. Petrillo, C. Santacroce, and D. Sica, J .  Heterocyclic Chem., 1970, 7, 555. 

L. Minale, E. Fattorusso, S. De Stefano, and R. A. Nicolaus, Gazzetta, 1970, 100, 461. 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

19
76

. D
ow

nl
oa

de
d 

by
 W

as
hi

ng
to

n 
St

at
e 

U
ni

ve
rs

ity
 L

ib
ra

ri
es

 o
n 

26
/1

0/
20

14
 0

3:
23

:2
4.

 
View Article Online

http://dx.doi.org/10.1039/c39760000153



