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ATP, ADP, and AMP were estimated in bio-
logical extracts using the firefly biolumines-
cenCe assay. ATP was estimated directly
with luciferin and luciferase. ADP and AMP
were estimated after enzymatic conversion
into ATP and subtracting the initial value of
ATP or AlP + ADP. [The SCIe indicates that
this paper has been cited in over 140 publi-
cations.]
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I started studying in vivo aspects of energy me-
tabolism in plants in 1964 with the aim of elucidat-
ing certain physiological mechanisms of seed ger-
mination such as photosensitivity and dormancy. I
hoped that the knowledge of the in vivo concen-
tration of molecules with very short turnover
times, such as ATP, ADP, and AMP, would give
useful information about the physiological status
of the cells. Nearly nothing was known because
the techniques were not available~the chromato-
graphic studies were too time-consuming and the
NADINADII enzymatic assays, which allowed
some preliminary data to be obtained in mammali-
an tissues, could not be used with plants.

In 1955 Strehler and loller
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had described a
method to estimate AlP by using the biolumines-
cent properties of the firefly extract. Although this
method had been rarely used, I was convinced that
its very high sensitivity could be exploited for the
determination of the mono- and diphosphate
adenine nucleotides by transforming them into
AlP.

In 1965 I was pleased to find a commercial sup-
ply of desiccated firefly tails in the catalog of a
firm that has since disappeared. I used the long
delay before receiving them to prepareequipment

to measure bioluminescence by connecting the
high-voltage power of a Geiger-Muller counter,
the photomultiplier of an out-of-order spectropho-

torneter, and the amplifier and the chart recorder
of a polarograph.

After having prepared the luciferin luciferase
extract from the tails, I tried to produce light by
mixing ATP with this extract, but I failed, even us-
ing a new batch of fireflies. I suspected that the
equipment was not adequate and I tried to see the
light after having acclimated my eyes for a long
time in a darkroom. That was also unsuccessful.

Plant biochemistry was fust beginning in France
at that time. Plant biochemists had very few con-
tacts with biochemists in other fields and I was
unable to get any advice. I was extremely disap-
pointed and put the assay aside. Two years later,
during a party, I was introduced to Dr. Nikhoro-
chess, who was an old man working on muscular
contractions. I asked him if he knew anything
about the firefly assay of ATP. His reply: “II y a un
seul secret; vous devez acheter Ies Iucioles chez
Sigma.” (There is only one secret; you have to ob-
tain the flies from Sigma.) He was right! Some
months later, with the excellent technical assis-
tance of J. Vermeersch, I was able to determine
ATP, ADP, and AMP by bioluminescence and
wrote the paper that describes the method. (It was
my first full paper.) At the same time, my col-
league j.t. Bomsel and I published a study of the
adenine nucleotides in wheat leaves.
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The two

papers were published in French in a French jour-
nal. The method soon proved very useful in plant
science as well as in many other fields of biologi-
cal sciences.

I was extremely surprised and happy to learn
that this paper has become a Citation Classic,
because, in fact, most people who used the meth-
od described in the paper referred to the first two
authors who used (and quoted) the method and
published their data in English in an easier-to-find
journal. Now the method is often used without
quotation. Its utIlization allowed us to demon-
strate that adenine nucleotide ratios or adenylate
energy charge are high in all normally metaboliz-
ing cells and that adenylate kinase maintains the
nucleotides under near equilibrium.
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It is this

paper that allowed our method to be known by the
international community. Since that time, the
adenine nucleotide ratios have been used to ap-
proach the energy status of cells or tissues mainly
under ATP-regenerating conditions. Today, the
results of 31 PNMR call into question the validity
of this approach and constitute a fascinating new
field of research. Many applications of this
method were recently reviewed.
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