
406

PHOTOSYNTHETICA
International Journal for Photosynthesis Research

HISTORY & BIOGRAPHY 

LETTER TO THE EDITOR

On “P750s” in cyanobacteria: A historical perspective

G. GOVINDJEE*,+        , L.O. BJÖRN**, and R.E. BLANKENSHIP***

Department of Plant Biology, University of Illinois at Urbana-Champaign, Urbana, Illinois 61801, USA*

Department of Biology, Molecular Cell Biology, Lund University, Sölvegatan 35, 22362 Lund, Sweden**

3536 S. Kachina Drive, Tempe, Arizona 85282, USA***

Acknowledgment: We thank Alexandrina (Sandra) Stirbet for reading this “letter” and for asking whether there may exist more than one 
P750 and whether the one in Anacystis nidulans may be chlorophyll f. An earlier version of this letter was shared with Norio Murata 
and G. Öquist before, and the current version was read and approved by Hartmut Lichtenthaler. Lastly, we thank Karl F. Schlipf for 
providing us with the jpeg file of Fig. 1, and Rajni Govindjee for reading the final version of this manuscript.
Conflict of interest: The authors declare that they have no conflict of interest.

  Received 15 December 2024
  Accepted 17 December 2024
  Published online 18 December 2024

  +Corresponding author 
  e-mail: gov@illinois.edu

DOI 10.32615/ps.2024.042� PHOTOSYNTHETICA 62 (4): 406-408, 2024

Prelude

Emerson et al. (1957) discovered enhancement of 
photosynthesis when far-red light (>700 nm) was 
supplemented with light of shorter wavelengths, 
and this led to the concept of the two-light reaction  
two-pigment system scheme for oxygenic photosynthesis 
(for a perspective, see Govindjee 2023; for evidence, by 
mass spectroscopy, that the effect is on photosynthesis, 
not respiration, see Govindjee et al. 1963). In addition, 
Govindjee et al. (1960) showed that in Porphyridium 
cruentum and Chlorella pyrenoidosa (but apparently not in 
Anacystis nidulans) “extreme red” light (>720 m) inhibited 
photosynthesis produced by “far red” light (690–700 nm). 
From the action spectrum of this phenomenon, it appeared 
that an unknown pigment, with an absorption band 
around 745 nm, was, perhaps, behind this phenomenon. 
This unusual result led to careful measurements of the 
absorption spectra of dense samples of these organisms, 
in the 720–780 nm range, using a home-built absorption 
spectrophotometer (Govindjee et al. 1961). 

To the surprise of the authors, a clear intense 
absorption band, at 750 nm, was found in Anacystis 
nidulans (see Fig. 1), but only very weak absorption bands 
in Porphyridium and Chlorella, but the latter turned out  
to be mostly “artifacts” (Govindjee and Cederstrand 
1963). Further, in a detailed mass spectroscopic study, and 
by using O18, Govindjee et al. (1963) showed that although 
light affects respiration (oxygen uptake), there was  
a clear Emerson enhancement effect in photosynthesis. 
In addition, Owens and Hoch (1963), also by using O18 
and mass spectrometry, showed that an inhibitory effect, 
they had observed, of extreme-red light on far red-light 
photosynthesis in Anacystis nidulans was due to the effect 
of light on O2 uptake, i.e., respiration, not photosynthesis. 
It is unclear why in the experiments of Govindjee et al. 

Fig. 1. Absorption spectra of three different “thick” suspensions  
of Anacystis nidulans, grown mainly under white, fluorescent  
light (Govindjee and Rabinowitch 1960). They all show  
the presence of a “P750”; reproduced from Govindjee et al. 
(1961). [Note: for the wavelength of light, mμ, millimicrons, 
was used then in most journals – although nm, nanometers, had 
already been initiated by Thomas Young (1773–1829) long ago!]
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(1960), Anacystis did not show this effect. However, P750, 
in Anacystis, remained a mystery as to its function. It is not 
possible to know, without further new experiments, if this 
P750 is due to the recently discovered long wavelength 
chlorophyll f (for Chl f, see Chen et al. 2010, Nürenberg 
et al. 2018). We now present what we know about P750.  
It turns out that there are several P750s – not just one!

The P750 or P750s

Aghion et al. (1963) showed, through methanol-induced 
changes in chloroplasts, the formation of a P750, and 
Govindjee (1963a) showed that a P750 was fluorescent – 
with an emission peak at 760 nm. In addition, Govindjee 
(1963b) showed that isolated chlorophyll a from Anacystis 
can artificially produce P750A – an aggregate form of 
Chl a. All of this was confirmed, many years later, by 
Goedheer and Hammans (1975). However, no correlation 
of this band with photosynthesis was found by Gassner 
(1962). This seemed to us to be an example of a dead-end 
research as far as we were concerned. However,  
Van Baalen (1965) found that a P750 was involved in  
the photo-oxidation of uric acid in Anacystis nidulans; 
and Fischer and Metzner (1969) suggested that P750, 
he was looking at, maybe an open chain tetrapyrrole, 
but not a bacteriopheophytin, and not a chlorin! Several 
years later, Öquist (1974) found that iron deficiency in  
A. nidulans increased fluorescence at 755 nm, perhaps, 
due to an increase in the concentration of a P750 there 
(cf. Shubin et al. 1991). On the other hand, Goedheer and 
Hammans (1975), mentioned above, observed excitation 
energy transfer from several photosynthetic pigments 
to P750; and then Hammans et al. (1977) established 
that P750, in Anacystis nidulans, actually initiated 
oxygen uptake. Further, Hammans (1978) showed that 
P750 sensitizes photo-oxidation of several endogenous 
reductants in the same organism; however, these reductants 
neither served as electron donors to Photosystem I (PSI), 
nor they were oxidized in any Chl-sensitized reactions! 
There was, however, a hint that excitation of both P750 
and Chl may cause the formation of singlet oxygen. 

A major question had been as to where any of these 
P750s are located. Murata et al. (1981) showed that  
a P750 was present in the cell envelope, not in  
the thylakoids, where there was also a small amount of 
pheophytin (Pheo)-like pigment with an absorption 
maximum at 673 nm, and even some carotenoids. This 
observation explained why this P750 had nothing to do 
with photosynthesis. Then, Nultsch et al. (1983) found that 
P750 was absent in Anabaena, another cyanobacterium, 
and could not have been involved in phototaxis. Three 
years later, Worcester et al. (1986) related a P750 to  
an in vitro micellar system of aggregated Chls; this 
correlation was suggested to be with the chlorosomes 
of green bacteria. Soon thereafter, Gombos et al. (1987) 
showed that a P750, an aggregated form of Chl a, was 
formed during nitrogen starvation of cyanobacteria at 
~39°C and that this process was reversible. Interestingly, 
however, in Arthospira platensis, redox titration of P750, 
using its fluorescence band (F758) showed that it has  

the same midpoint potential as P700; and, based on 
available data, it was suggested that its fluorescence 
quantum yield, measured at 758 nm, is proportional to 
the concentration of P700. It is not clear how and what 
this means. However, in contrast, observations of Gombos 
et al. (1987), cited above, suggested a link of P750 to 
photosynthesis, at least in this organism. 

In addition to the various P750 species described 
above, there is a large literature on highly aggregated 
chlorophylls in vitro, usually involving water. These 
aggregated chlorophylls typically have absorption 
maxima in the 730–750 nm region (Jacobs et al. 1954, 
1957; Ballschmiter and Katz 1972, Strouse 1974). These 
species are in many ways similar to J-aggregates, which 
are highly aggregated dyes whose absorption maxima are 
strongly red-shifted (Würthner et al. 2011). It is not clear 
whether any of these aggregated chlorophyll species have 
any relationship to the in vivo species described above.

In view of all the observations, summarized above, 
further research is needed to understand the role  
(or the roles) of the different P750s, i.e., where they are 
exactly located in cyanobacterial cells, and what function 
or functions they perform, and what is their importance 
in the evolutionary tree. For general information on 
photosynthetic pigments, see Lichtenthaler (1987).  
We conclude this “letter” by urging scientists, interested 
in cyanobacteria, to find the possible location(s) and 
function(s) of the various P750s there, and in other 
organisms (if any) after examining different aspects of 
chlorophylls and bacteriochlorophylls (Grimm et al. 
2006), as well as the overall molecular mechanisms of 
photosynthesis (Blankenship 2021).
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