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Is it time to throw away your apparatus for chlorophyll
fluorescence induction?

Alfred R. Holzwarth
Max-Planck-institut for Strahlenchemie, Stiftstr. 34-36, D-4330 MUlheim a.d. Ruhr, Germany

Chlorophyll (Chl) fluorescence has been introduced
about five decades ago into photosynthesis research.
Based on the notion that it provides an intrinsic probe of
photosynthetic activity and that it is highly sensitive to
changes in the functional organization of the photo-
synthetic apparatus, Chl fluorescence has since been
used in an ever increasing fashion as a powerful tool to
study a large variety of different properties of photo-
synthetic systems (for reviews see references 1, 2). Fluo-
rescence techniques used involve both steady-state and
time-resolved methods, extending down to ultrashort
time scales of pico- and femtoseconds (for a review see
reference 3).
One of these techniques, Chl fluorescence induction,

has become particularly popular (see references 2 and 4
for reviews). It had been recognized early that the inten-
sity of Chl fluorescence is a strong function of the redox
state ofthe reaction center (RC) ofphotosystem (PS) II,
being low when RCs are open (F0-value) and high when
RCs are closed (Fm.-value) (5). Thus by switching on
an actinic light, RCs in a photosynthetic tissue can be
closed photochemically. The usually sigmoidal time
course of the Chl fluorescence, rising from the Fo- to the
Fm -level, called the fluorescence induction curve, can
thus be recorded. Today there exists hardly a photosyn-
thesis research laboratory in the world that does not at
least occasionally use fluorescence induction and for
many laboratories this method has become one of their
major tools. At first sight the method has many attrac-
tive features: It is noninvasive, i.e., it can be applied also
in vivo, it requires relatively inexpensive equipment, it is
highly sensitive and its analysis and interpretation
seemed to be fairly straightforward so far. Furthermore,
in recent years the method has seen an additional boost
by commercial equipment that is light enough to be
carried out into the fields allowing us to record in vivo
data in ecological research on environmental plant stress
factors, etc. (2).
The necessity of theoretical justification ofthe fluores-

cence induction phenomenon had been well recognized
early on (6, 7). However, until recently the mechanisms
and kinetics ofthe energy transfer processes in the anten-
nae or the electron transfer processes in the RCs were
largely unknown. For this reason any theoretical foun-
dation of the Chl fluorescence induction phenomenon
had to rely on then experimentally unproven assump-
tions about charge separation/recombination processes
in the RCs which severely limited the applicability of

these theories. Unfortunately, however, these limitations
were often ignored when interpreting fluorescence in-
duction phenomena. Even worse, the induction curves
were interpreted often on the basis of even more uncer-
tain empirical rules that, over the years, had become sort
of a dogma in the field. This dogma involved such far-
reaching statements as, e.g., (a) "a proportionality exists
between the complementary area above the fluorescence
induction curve and the number of electrons flowing to
the acceptor side," (b) "an inverse proportionality be-
tween the complementary area and the photosynthetic
quantum yield," and (c) "the degree of PSU connec-
tivity can be determined from the curvature of the
variable fluorescence plotted against the fraction of
closed RCs."
Very recently, doubts on the validity ofsuch concepts

have been voiced in a couple ofpapers (3, 8). A paper by
Trissl, Gao, and Wulf (9), published in this issue, now
entirely wipes out the theoretical basis for the above-
mentioned relationships assumed so far to analyze Chl
fluorescence induction. Based on kinetic model simula-
tions that for the first time rely on an experimentally well
supported molecular model of the energy transfer and
charge separation processes, the so-called exciton-radical
pair equilibrium model in the PS II antenna/RC com-
plex ( 10, 11 ), this paper shows that in fact all the above-
mentioned empirical assumptions on the induction sig-
nals are invalid. It is quite clear that, at present, fluores-
cence induction phenomena cannot even be interpreted
qualitatively, let alone quantitatively. Thus we face the
probably rare case of an apparently well established and
widely used experimental method, viz. Chl fluorescence
induction, that lacks any solid theoretical justification.
According to a conservative rating, the number of

papers devoted to and exploiting the fluorescence induc-
tion phenomenon up to date exceeds a thousand. The
phenomena that have been studied extensively by fluo-
rescence induction cover such diverse subjects, like, e.g.,
cooperativity of photosynthetic units, degree of mem-
brane stacking, changes in membrane potential, cation
effects on energy distribution, pH-dependence ofphoto-
synthetic reactions, heterogeneity ofphotosystems, phys-
iological adaptation phenomena, light state transitions
and many more. Following the paper by Trissl et al. (9)
one must infer that the majority ofthe conclusions made
in these papers, if based mainly on fluorescence induc-
tion, is most probably invalid. Does this mean that we
should stop recording fluorescence induction curves en-
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tirely? Wait for a little while and do not throw your
equipment away, despite the truly unpleasant situation
given by the present lack of an adequate theoretical
basis! We may hope that out ofthe clear results presented
in the paper of Trissl et al. (9) it might be possible to
develop new analysis methods that eventually may pro-
vide a solid basis for interpretation of fluorescence in-
duction data. Given the huge body of available experi-
mental data it is to be hoped that such a method will
indeed be available soon. In the meanwhile, beware of
any conclusions based on fluorescence induction data!

Receivedfor publication and in finalform 25 January 1993.

REFERENCES
1. Papageorgiou, G. C. 1975. Chlorophyll fluorescence: an intrinsic

probe of photosynthesis. In Bioenergetics of Photosynthesis.
Govindjee, editor. Academic Press, New York. 319-371.

2. Krause, G. H., and E. Weis. 1991. Chlorophyll fluorescence and
photosynthesis: the basics. Annu. Rev. Plant Physiol. Plant Mol.
Biol. 42:313-349.

3. Holzwarth, A. R. 1991. Excited-state kinetics in chlorophyll sys-
tems and its relationship to the functional organization of the
photosystems. In Chlorophylls. H. Scheer, editor. CRC Press,
Boca Raton. 1125-115 1.

4. Lavorel, J., J. Breton, and M. Lutz. 1986. Methodological princi-
ples ofmeasurement oflight emitted by photosynthetic systems.
In Light Emission by Plants and Bacteria. Govindjee, J. Amesz,
and D. C. Fork, editors. Academic Press, New York. 57-98.

5. Duysens, L. N. M., and H. Sweers. 1963. Mechanism oftwo photo-
chemical reactions in algae as studied by means of fluorescence.
In Microalgae and Photosynthetic Bacteria. Japanese Society of
Plant Physiologists, University ofTokyo Press, Tokyo. 353-372.

6. Butler, W. L. 1972. On the primary nature of fluorescence yield
changes associated with photosynthesis. Proc. NatL. Acad. Sci.
USA 69:3420-3422.

7. Melis, A., and P. H. Homann. 1975. Kinetic analysis ofthe fluores-
cence induction in 3-(3,4-dichlorophenyl)-1,1-dimethylurea
poisoned chloroplasts. Photochem. Photobiol. 21:431-437.

8. den Hollander, W. T. F., J. G. C. Bakker, and R. van Grondelle.
1983. Trapping, loss and annihilation of excitations in a photo-
synthetic system I. Theoretical aspects. Biochim. Biophys. Acta.
725:492-507.

9. Trissl, H.-W., Y. Gao, and K. Wulf. 1992. Theoretical fluores-
cence induction curves derived from coupled differential equa-
tions describing the primary photochemistry of photosystem II
by an exciton/radical pair equilibrium. Biophys. J. 64:974-988.

10. Schatz, G. H., H. Brock, and A. R. Holzwarth. 1988. A kinetic and
energetic model for the primary processes in photosystem II.
Biophys. J. 54:397-405.

11. Lelbl, W., J. Breton, J. Deprez, and H.-W. Trissl. 1989. Photoelec-
tric study on the kinetics of trapping and charge stabilization in
oriented PS II membranes. Photosynth. Res. 22:257-275.

Holzwarth Chlorophyll Fluorescence Induction 1281


