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Prelude

In August 1958, the late Robert (Bob) Emerson (1903-
1959; see Rabinowitch, 1959) delivered a very
important (i.e., of high significance) historical lecture
where he presented his speculations concerning the
synergistic role of light absorbed by accessory
pigments (e.g., chlorophyll b, phycobilins, and
fucoxanthol) and chlorophyll a in diverse groups of
algae. It was published in the November 1958 News
Bulletin of the Phycological Society of America, and
is reproduced below (Emerson and Chalmers, 1958;
note that his coauthor, Ruth Chalmers, was his highly
talented technical assistant). Emerson had three brief
abstracts on this topic, all presented at the annual
meetings of the U. S. National Academy of Sciences
(Emerson, Chalmers, Cederstrand, and Brody, 1956;
Emerson, 1957; Emerson, 1958)1, and his key (highly

recognized) paper on the synergistic effect of light
absorbed in chlorophyll b on photosynthesis by light
absorbed in chlorophyll a in the green alga Chlorella
was published in the Proceedings of the National
Academy of Sciences (Emerson, Chalmers  and
Cederstrand, 1957).

Robert Emerson was already the ‘Grand
Master of Photosynthesis and Related Processes’
in this World when I knew him during 1956-1958, as
my mentor and advisor (Govindjee and Govindjee,
2021). In his PhD thesis in Berlin, Germany, Emerson
(1927) explored, in depth, in several algal species, the
intriguing absence of inhibition of respiration by
hydrogen cyanide (HCN) and carbon monoxide (CO);
this phenomenon baffled him, as well as his advisor
Otto Warburg; and even today, full molecular
understanding of this phenomenon still needs attention.

1Experiments on the two-light effect were done by Emerson only after he had failed to understand the “red drop” in the action spectrum
of the quantum yield of photosynthesis, as in Emerson and Lewis (1943). The first attempt to understand this seeming anomaly was
reported by Emerson et al., (1956)  in Chlorella and Porphyridium. Together with his assistant, Ruth Chalmers (who grew the algae and
ran manometry), Carl Cederstrand (who managed the instruments), and Marcia Brody (a graduate student), he explored the “red drop”
at 5o C and 20-26o C, and at different light intensities. We recognize that it was here that the first experiments on the use of supplementary
light and enhancement of photosynthesis is mentioned. Further, it is here, that he suggested that the conclusion of Haxo and Blinks
(1950) about inactive chlorophyll (Chl) a, in the red region, may have been due to temperature effects, and that Chl a was fully active
and normal at shorter wavelengths! Emerson’s 1957 presentation is a preliminary summary of the (Emerson) Enhancement Effect in
Chlorella that was published soon thereafter by Emerson et al., (1957) – and led later to provide background for the two-light reaction-
two-pigment system concept of photosynthesis. The last presentation of Emerson (1958), at the US National Academy of Sciences
annual meeting, was mainly to show that the “two-light effect” he had discovered had nothing to do with the catalytic blue-light effect
that Warburg et al., (1957) had reported—it was a totally different phenomenon.
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[See: Lichtenthaler and Bjorn, (2020) for the English
translation of this 32-page thesis, as well as comments
by Govindjee (2020) on Emerson. Further, Emerson’s
famous 1948 Stephan Hales lecture is also now
available (Govindjee, 2018)].

In 1932, Emerson, together with his
undergraduate student William Arnold (Govindjee and
Srivastava, 2014), discovered the concept that
hundreds of chlorophyll a molecules ‘cooperate’ to
perform oxygen evolution (Emerson and Arnold,
1932a, b), which has led to the concept of
‘Photosynthetic Unit’ (i.e., ‘antenna and the reaction
center’). In 1943, Emerson, together with Charlton
M. Lewis, not  only confirmed that the minimum quanta
requirement for the evolution of one oxygen molecule
is 8-12, not 3-4, as the Nobel Laureate Otto Warburg
had insisted, but discovered that there was a “Red
Drop” in the long-wavelength region, beyond 685 nm
(Emerson and Lewis, 1943)—both were early
“teasers” to the current concepts of photosynthesis
(see Govindjee, 2001, for Emerson’s contributions;
Nickelsen and Govindjee, 2011, for the controversy
on the minimum quantum requirement for oxygen
evolution; and, Govindjee et al., 2017, for the evolution
of the current Z-scheme of photosynthesis). It is very
unfortunate that Emerson passed away, in a tragic
plane crash, long before we showed that different
spectral forms of chlorophyll a are present in both the
photosystems I and II (Govindjee and Rabinowitch,
1960 a, b). R. Govindjee et al., (1960) showed that
Emerson’s two light effect is in photosynthesis, not in
respiration, and the minimum quanta requirement, even
under conditions dictated and insisted by Otto Warburg,
is 8-12, not 3-4 (R. Govindjee et al., 1968) confirming
Emerson. Lastly, the two-light effect of Emerson in
photosynthesis was confirmed through observations
of a two-light effect on chlorophyll a fluorescence, in
1960 (G. Govindjee et al., 1960).

I provide below a brief personal commentary
on Emerson’s 1958 lecture, along with full references
cited in his lecture (the latter are marked with a
superscript, *). (For readers unfamiliar with the
background and details of photosynthesis, we refer to
Rabinowitch and Govindjee (1969), to Shevela et al.,
(2019), and most importantly to Blankenship (2021)

for a more thorough and complete current
understanding of the mechanism of photosynthesis.)

In addition to the 1958 lecture of Emerson
(discussed here), his famous 1948 Stephan Hales
lecture on the present, past and future of
photosynthesis, which was also unavailable earlier, has
now been published by Govindjee (2018). For a history
of all aspects of photosynthesis research, see different
chapters in the book edited by Govindjee et al., (2005).

Commentary on Emerson and Chalmers (1958)

The major discovery, presented here for the first time,
is the very first action spectra in different algal
species, of what we now call the ‘Emerson
Enhancement Effect’ (i.e., enhancement in the yield
of oxygen in far-red light), by adding supplementary
light absorbed by various accessory pigments. These
included: chlorophyll b (peaks at 480 nm and 655 nm)
in Chlorella (a green alga), phycoerythrin (peak at
546 nm) in Porphyridium (a red alga), phycocyanin
(peak at 600 nm) in Anacystis (a cyanobacterium),
the carotenoid fucoxanthin (fucoxanthol; peak at 540
nm), and chlorophyll c (peak at 645 nm) in the diatom
Navicula. Although shown in the lecture, the published
1958 paper has no figures.  Tragically, Emerson died
on February 4, 1959; and thus, these action spectra
were published only 2 years later by Eugene
Rabinowitch (Emerson and Rabinowitch, 1960). We
must point out that Emerson missed the action band
of a short-wavelength absorbing form of chlorophyll
a along with that of accessory pigments because he
had used Hg-Cd lines for his supplementary light and
not a monochromator, providing all wavelengths of
light. I have always regretted that I could not have his
name on my paper when we observed (Govindjee and
Rabinowitch, 1960 a, b) that chlorophyll a 670 was in
the same system as chlorophyll  b (in Chlorella) and
fucoxanthol (in Navicula).

Emerson began his 1958 lecture by talking about
the function and phylogenetic significance of so-called
accessory (or auxiliary) pigments in algae (1) by
pointing out that the older ideas in the book by
Josephine Elizabeth Tilden (Tilden, 1935) needed to
be reexamined, and (2) by stating that there was a
real need to understand the physiological significance
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of different combinations of pigments present in algae.
He then talked about the “Red drop” in the yield of
photosynthesis (Emerson & Lewis, 1943) and the
enhancement by supplementary light he had just
observed (Emerson et al., 1957, not 1956 as stated in
the 1958 paper); he also mentioned his earlier
presentation at a conference (e.g., Emerson, 1957).
Then, he talked about his unusual data with yellow-
green algae: Polyhedriella helvetica and Tribonema
aequale. We mention this so that someone may
reexamine the available literature and even engage in
doing new experiments to find the reasons why
Emerson had failed to find the ‘Enhancement effect’
in these organisms. I regret that I did not pursue it
then (or even later) because this is what Emerson
wanted me to do for my PhD and I did not. – Yes, I
grew Polyhedriella (then known to us as Polyedriella)
and Tribonema during 1958, but soon became
frustrated with their slow growth! [I note that these
algal isolates were provided by Richard Starr from
his culture collection maintained at the University of
Indiana in Bloomington. Later, these unialgal cultures
were moved to the University of Texas and this
UTEX (utex.org) collection has been integrated into
the American Type Culture Collection (ATCC;
www.atcc.org)]. Emerson also mentioned in his lecture
that he had not yet tested Ochromonas (see Myers
& Graham, 1956). Tanabe et al., (2011) have published
as to how some Ochromonas species use the
xanthophyll cycle to their advantage. However, further
research is   needed on the “two photosystems” of
this alga.

Emerson ended his lecture by relating his
observations to the evolution of the combination of
pigments. He cited Oparin (1957), speculating that
the earliest organisms contained not only chlorophyll
a, but carotenoids, that may have had limited
photosynthesis as in Ochromonas. The rest of
Emerson’s talk dealt with how the accessory pigments
helped in the evolution of efficient photosynthesis –
not only for capturing light not absorbed by chlorophyll
a, but in a different way, as we know now — through
their use in capturing light for the two distinct
photosystems I and II. Lastly, Emerson noted that he
had not done any experiment on anoxygenic
photosynthetic bacteria (see Chapter 6 in Blankenship,

2021, for further information on the mechanism of
photosynthesis in such bacteria).
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What  follows  is the paper of  Emerson and  Chalmers (1958)  as  published  in  the News  Bulletin
of the  Phycological  Society of  America (PSA), Volume XI, Number 35,  November, 1958, reproduced
here, with permission; also see the link to the Phycological Society of America at: <  https://
www.psaalgae.org/>
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