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Others who would have been  100 in 2013  are : 
Britton Chance (1913-2010); Martin D. Kamen 
(1913-2002); Jack Myers (1913-2006); and Sam 

Ruben (1913-1943)  

Chance Kamen 

Ruben 

Myers By Govindjee 



 
 
Jan Amesz (1934-2001) 
W.A. Arnold  (1904-2001) 
Daniel I. Arnon (1910-1994) 
M. Avron (1931—1991) 
G.T. Babcock (1946-2000) 
L.R. Blinks (1900-1989) 
Warren Butler (1925-1986) 
Melvin Calvin (1911-1997) 
Rod Clayton (1922-2011) 
Don C. DeVault (1915-1990) 
Robert Emerson (1903-1959) 
V.B. Evstigneev (1909-1977) 
James Franck (1882-1964) 
C. Stacy French (1907-1995) 

Hans Gaffron (1902-1979) 
Howard Gest  (1922-2012) 
Norman Good (1917-1992) 
Francis Haxo (1921-2010) 
Robin Hill (1899-1991) 
Joseph J. Katz (1912-2008) 
Bessel Kok (1918-1979) 
George Porter (1920-2002) 
Gernot Renger (1937-2013) 
A.A. Shlyk (1928-1984) 
Hiroshi Tamiya (1903-1984) 
C.B.Van Niel  (1897-1985) 
Horst T. Witt (1922-2007) 

 
 

 
 

Major discoverers who are no longer with us include the following 

A. San Pietro (1922—2008) 



There are many who are with us who need to be 
recognized ; I will mention only  a few selected ones 

(leaving out the luminaries who are present here  today): 

  Andrew Benson 
Louis N.M. Duysens 

André Jagendorf 
Achim Trebst  
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My first visit to Moscow was to attend .. 
The 5th International Biochemistry Congress, 

in 1961  
Left to Right (Last 
 row) 
A.A. Krasnovsky 
E.C. Wassink 
N.G. Doman 
V.B. Evstigneev 
Whose back is it?? 
Next row: 
Whose back is it? 
Daniel  Arnon 
Mary Belle Allen 
C. Stacy French 
JHC Smith 
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ò  We need only suppose 
that for every 2480 
m o l e c u l e s  o f  
chlorophyll there is 
present in the cell one 
unit capable of  reducing 
one molecule of  carbon 
dioxide each time it is 
suitably activated by 
light” 

The 1932 discovery of  
 “Photosynthetic Unit” 
 (2400 Chlorophylls per 

Oxygen)  

Robert Emerson 
Had, in1958,  

Explained this 
1932  Experiment 
to me..Photo by  

Govindjee 

1932 
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• Hans Gaffron (1902-1979) 
 The “Concept of Excitation Energy Transfer” and a 

“photoenzyme 

E=hν	


Hans Gaffron 

Presentation by Govindjee Provided by Late Bob Clegg 

1936 
 



Rabinowitch and Weiss (1936, 1937): See data in 
the next slide 

ò  “Reversible Oxidation 
and Reduction of 
Chlorophyll”  by 

E.Rabinowitch and J. 
Weiss, Nature 138: 
1098-1099 (1936)  

ò  They observed reversible 
oxidation (and reduction) 
of  ethyl chlorophyllide by 

ferric  and ferrous  
chloride, where the 

oxidation was stimulated 
by light. 

Presentation by Govindjee 
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Reversible oxidation of chlorophyllide by ferric chloridem (Rabinowitch- 
Weiss reaction) 

 [From E. Rabinowitch, and J. Weis (1936)  Nature 138: 1098-1099] 
 

A – Absorption spectrum of chlorophyllide in methanol (had high red fluorescence) 
B –The same after treatment with Fe+3; (fluorescence was decreased to 33%) 

C –After  further treatment with Fe+2 (fluorescence was restored ) [ Gov and AAK, Jr.] 
 

Chl + Fe+3         Chlox
   +  Fe+2       Chl 

Of signif icance was their 
observation that the oxidation 
reaction was favored greatly by 
red light. Soon thereafter, D. 
Porret and E.I. Rabinowitch 
(1937; Nature 140: 321-322) 
discovered a light-induced 
reversible bleaching of 
chlorophyll in methanol 
u n d e r  o x y g e n - f r e e 
conditions; it was proportional 
to the square root of light 
intensity. 

1936 
 



Alexander Abramovitch Krasnovsky , and  
Galina Petrovna Brin 

 made a major discovery  that pthalocyanins and ascorbate 
when exposed to light produced reduced pthalocyanin and 

oxidized ascorbate. This was followed by their work that led to  
the discovery of  what we all call the Krasnovsky reaction. 

396

Figure 13 (top). Eugene I. (Evgenii Isakowitch) Rabinowitch (1901–1973) reading a newspaper at the international biophysics congress in
Sweden in 1961. To his left are Rajni Varma Govindjee and Govindjee (hand on his face) (photo is a gift from Govindjee).
Figure 14 (bottom). Alexander Nikolaevitch Terenin (sitting), Alexander Abramovitch Krasnovsky (just behind him), Galina Petrovna Brin
(woman in white) and Vyacheslav Borisovitch Evstigneev. Photo taken at the Institute of Biochemistry, Moscow, 1946. From the Krasnovsky
family archive.

that photosynthesis is a redox photochemical process.
Hence, it should be initiated by a redox photosensit-
izer, which acts in a similar way to the Michaelis
mechanism of redox reactions and the primary light
driven reaction should be charge (electron) transfer
and the primary intermediates – ion-radicals. It should
be accompanied by proton translocation, which is a
much slower process. He found Szent-Gyorgyi’s idea
unlikely. Szent-Gyorgyi had proposed that biochem-
ical systems resemble a semiconductor crystal, in
which electrons can migrate inside the energy zones.
Therefore, Terenin found it highly promising to in-

vestigate the roles of both singlet and triplet states
as well as free radicals in the photobiochemical re-
actions, and believed that spectroscopic and fluores-
cence methods in combination with other methods of
physico-chemical analysis were the most useful for
this research (Terenin 1947b).

This lecture was actually a presentation of an ex-
tensive research program, which Terenin wanted to
initiate, and eventually did, in the Soviet Union.
From 1945, Terenin began the restoration of his
photochemistry laboratory in Leningrad (St. Peters-
burg), which was destroyed by the War. At the same

 
Photo from : Krasnovsky, Jr. (2003) 
 Photosynth Res 76: 389-403 
 
 

1946,1947  
 

A.A. Krasnovsky and G.P. Brin (1946) 
Catalytic and photosensitized 
oxidation of ascorbic acid by 
pthalocyanins. Dokl AN SSSR 53: 
447-450 (done in water solutions) 
 
A.A. Krasnovsky  and G.P.Brin  (1947) 
Photosensitizing action of magnesium 
pthalocyanin(e) and chlorophyll in 
solution. Dokl AN SSSR 58: 
1087-1090 (done in organic  solutions) 
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 A.A. Krasnovsky (1948) Reversible photochemical reduction of 
chlorophyll by ascorbic acid. Dokl AN SSSR 60:421-424; a red 
intermediate with an absorption maximum at 520 nm reacting 
reversibly in the dark was formed. It was the first reversible 
photochemical reaction of Chl (that will be known to others as the 
Krasnovsky reaction). This was further studied 10 years later by 
(a) Thomas Turpin Bannister under Rabinowitch (1958 PhD 
thesis” The Reversible Photoreduction of Chlorophyll”, 134 pp.); 
16 years later by (b) Gil Seely and Folkamanis (1964) ; and 26 years 
later by (c) Hugo Scheer and Joe Katz (1974). 
  
T.T. Bannister (1959) Photoreduction of chlorophyll a in the presence of ascorbic acid 
in pyridine solutions. Plant Physiol 34: 246-254. 
  
G.R. Seely and A. Folkamanis (1964) Photoreduction of ethylchlorophyllide by 
ascorbic acid in ethanol-pyridine solutions. J Amer Chem Soc 86: 2763-2770 
  
H. Scheer and J.J. Katz (1974) Structure of the Krasnovsky photoreduction product of 
chlorophyll a. Proc Natl Acad Sci USA 71: 1626-1629 

1948: Discovery of the reversible photochemical reduction of chlorophyll  
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Reversible photochemical reduction of chlorophyll (Krasnovsky 
reaction) [From: A.A. Krasnovsky (1948) SSSR 60:  421-424] 

1 – Absorption spectrum of a mixed solution of Chl (a+b) and ascorbic acid in water-free pyridine; it 
showed strong red  fluorescence. 
3 – Absorption spectrum of #1 after 1-2 min illumination by red light under anaerobic conditions. А 
new absorption band at 530 nm appeared; the sample had no detectable  fluorescence 
2 – Absorption spectrum of #3  after 2-3 hours in darkness; fluorescence restored to  that of #1.   

 [This slide was made by  A.A. Krasnovsky, Jr., and Govindjee] 

3 

2 

    1 

3 

2 
1 

 1 
3 

2 
  3 

Chl + ascorbic acid        Chlred 
 hv Chl 

The reaction was 
reversible: order 
of experiment:  

1 to 3 to 2, original  
number 

 was retained 

1948   
 



A.A. Krasnovsky and G. Brin (1949) Hydrogen transfer from 
ascorbic acid to  codehydrase I under action of light absorbed by 
chlorophyll. Dokl AN SSSR 67: 325-328 
 
 
 Here, they showed in the model system 

 Ascorbate-Chlorophyll-NAD 
 
 photoreduction of NAD,  2 years before NADP reduction was 
discovered in chloroplasts by S. Ochoa and W. Vishniac (Nature 167: 
768-769, 1951), L.J. Tolmach (Nature 167: 946-948) and Dan Arnon 
(Nature 167:1008-1010) 
 

1949: Photoreduction of NAD in a model system  



Energy transfer, the trap (P) and oxidation of Chl: 
PhD thesis of  L.N.M. Duysens 

ò  Duysens’ 1952 thesis on 

excitation energy transfer is 

a classic of all times. 

However, the ”P870“	 

concept  for a few 

molecules, in vivo, doing 

the reaction: oxidation of 

BChl (Chl) was an 

important concept that was 

born here 

1952 
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1952: Phycobilins don’t do chemistry as Chls do; 
they are light harvesters 

 A.A. Krasnovsky, V.B. Evstigneev, 
G.P. Brin and V.A Gavrilova (1952) , 
Dokl. AN SSSR (Biochemistry), 82:  
947-950 showed that phycobilins are 
incapable of significant reduction 
and oxidation. In my opinion, it was 
an important new observation for 
that time. 
 

It agrees with the1952  picture of  
Duysens and of C.S. French that 

phycobilins harvest light energy and 
then transfer the excitation energy to 

chlorophylls. For a historical perspective on the evolution of the Z-Scheme 
of electron transport in photosynthesis, see Govindjee and Björn 
(2011). In addition to the linear electron transport from water to 
NADP, there is also a cyclic electron transport around PSI. See 
Figure 4 for a current version of the Z-scheme of electron trans-
port in cyanobacteria. Early measurements on ATP production in 
cyanobacteria, using the luciferin–luciferase assay, were made by 
Bedell and Govindjee (1973) in A. nidulans and by Lubberding and 
Schroten (1984) in Synechococcus sp.

The flexibility of cyanobacteria was demonstrated recently 
(see an abstract by Govindjee et al., 2011; Q. J. Wang, A. Singh, 
H. Li, L. Nedbal, L. A. Sherman, J. Whitmarsh and Govindjee, 
unpublished) when cells of a PSI-minus mutant of mixotrophi-
cally grown Synechocystis sp. PCC 6803 were shown to evolve 
oxygen (∼25% of that of wild type) for 30 min in the presence 
of glucose. Studies are under way to find the mechanism for this 
observation. Perhaps, it involves uphill electron transfer using ∆ 
pH made by PSII.

DISCOVERY OF A NEW PIGMENT P750 IN ANACYSTIS 
NIDULANS
In addition to the Emerson enhancement effect, an unusual obser-
vation was that in several algae and in A. nidulans, far red light 
(720–760 nm range) caused inhibition (de-enhancement) of pho-
tosynthesis when added to short-wavelength light (Govindjee and 
Rabinowitch, 1960; Govindjee et al., 1960; Rabinowitch et al., 1960). 
Soon thereafter, Owens and Hoch (1963) using 18O-labeling and 
mass spectrometry showed that this de-enhancement was due to 
the effect of light on respiration (O

2
 uptake).

In search of pigments, which absorb in this wavelength region, 
Govindjee et al. (1961) discovered a new pigment, in A. nidulans, 
that had an absorption band at 750 nm (also, see Govindjee, 1963a; 

FIGURE 2 | Structural organization of the antenna system of PSII for red 
algae and cyanobacteria (A) and energy transfer steps including charge 
separation (photochemical reaction) at the PSII RC (B) for cyanobacteria. The 
energy of absorbed photons is passed through a number of antenna molecules 
[phycoerythrin (absent in most cyanobacteria) → phycocyanin → allophycocyanin] 

until it reaches the RC Chl a (P680). The excited P680 donates its electron, which is 
in the excited state of the molecule, to an electron acceptor (A). The electron 
vacancy of the Chl a is filled by the electron from an electron donor (D). The 
wavelength numbers (nm) inside the circles represent pigments corresponding to 
the long wavelength absorption maxima of these pigments.

FIGURE 3 | Extrinsic proteins on the lumenal side of PSII in higher plants 
(A) and cyanobacteria (B). PsbO (33 kDa), PsbQ (17 kDa) and PsbP (23 kDa) 
are the extrinsic proteins found in higher plants. In cyanobacteria, two of these 
proteins (PsbP and PsbQ) are replaced by PsbU (12 kDa) and PsbV (Cyt c550, 
17 kDa). For a discussion of lipidated extrinsic proteins in cyanobacteria 
(CyanoP, CyanoQ, and Psb27), see recent review by Fagerlund and Eaton-Rye 
(2011). Both in higher plants and cyanobacteria, these proteins stabilize the 
Mn4CaO5 cluster and optimize its water-splitting reactivity.

In the green alga Chlorella and in the diatom Navicula, Chl a 670 
belonged to the same system as to where Chl b (or Chl c) belonged 
(Govindjee and Rabinowitch, 1960b).

Amesz and Duysens (1962) provided experimental data on redox 
changes in the Cyt and NADP that supported the following picture 
of electron transfer path in cyanobacteria:

H O Q Cyt P X NADP CO(PSII) PSI2 2700→ → → → → →( )  
(Scheme 1)

Here, Q refers to a plastoquinone Q
A
, P700 to RC of PSI, and 

X to ferredoxin.

Govindjee and Shevela Adventures with cyanobacteria

www.frontiersin.org July 2011 | Volume 2 | Article 28 | 3

Figure from a review by Govindjee 
and D. Shevela (2011) Frontiers in Plant 
Science, vol. 2, article 28: 1-17.  
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Ten years later,  
Cederstrand, 
Rabinowitch  

and Govindjee (BBA 
126: 1-12; 1966) 

rediscovered what 
Krasnovsky had seen 

already  in 1956: direct 
evidence of the presence 
of  Chl a 670 and Chl a 
680 in the absorption 

spectrum of algal cells. 

1966 

407

Figure 5. Alexandr (also known as Alexander) A. Shlyk
(1928–1984). The photograph was obtained from the Photobiology
Institute, Minsk.

Byelorussian scientist Alexander Shlyk (1928–
1984) (Figure 5) was one of the first to apply the
method of labeled atoms to the studies of Chl biosyn-
thesis that allowed him to prove the phenomenon of
a constant renewal of Chl molecules in plant leaves
(Shlyk 1965). The discovery of the metabolic hetero-
geneity of Chl allowed A. Shlyk and co-workers to
advance and develop the hypothesis of the location of
the biosynthetic process at certain sites of chloroplasts
called ‘centers of Chl biosynthesis’ (Shlyk 1975;
Fradkin and Shlyk 1978; Shlyk et al. 1982; Aver-
ina et al. 1993). Fradkin et al. (1988) found that the
polyenzymic complexes in the centers of Chl biosyn-
thesis functions in contact with the pigment-protein
complexes of the photosynthetic apparatus.

A significant contribution to the studies of Chl
formation mechanism was made by academician
Alexander Krasnovsky (1913–1993) (Figure 6) and
his co-workers. Alexander Krasnovsky and Larisa
Kosobutskaya (Vorobyova) (1952) were the first to
obtain the active extracts of protochlorophyllide holo-
chrome in aqueous medium. They also showed that
in the spectra of homogenates during greening, a
bathochromic shift of the absorption band takes place
(from 670 to 678 nm). The results of these studies
compared with the data on the model systems ob-
tained in the same laboratory confirmed the existence
of two different Chl forms, monomer and aggreg-
ated, in leaves. It was also shown that protochloro-
phyll P650 was an aggregated form (Vorobyova and
Krasnovsky 1966). P650 was shown to be a phytol-
free pigment – protochlorophyllide, while P628 was
mostly protochlorophyll (Krasnovsky and Bystrova
1960; Vorobyova et al. 1963). In Krasnovsky’s labor-
atory protochlorophyll photoreduction to chlorophyll

Figure 6. Top: A photograph of Alexandr (also known as
Alexander) A. Krasnovsky (1913–1993). From www.che.nsk.su/
RAN/WIN/14/1447.HTM. Bottom: Another photograph of A.
Krasnovsky (in his office in Moscow) with the Editor Govindjee.

was first performed in solution and other model sys-
tems (Bystrova et al. 1966, 1983; Krasnovsky et
al.1970; Krasnovsky and Bystrova 1974).

Studies of the sequence of light and dark reactions
from protochlorophyllide to chlorophyll. Felix
Litvin and co-workers

At the time Kazuhiko Shibata discovered the so-called
Shibata shift (Shibata 1956, 1957) in his absorption
spectroscopy studies, the sequence of stages of chloro-

1956 vol. 1: 328-333 

 

1956 
Discovery of Different  Spectral Forms of Chl a in vivo 

Again ahead of his time 
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The Emerson Enhancement Effect : Existence of two light reactions and 

two photsystems; this had followed the discovery of the red drop by 
Emerson and Lewis  in 1943 

1957 

1943 

1957  

R. Emerson, R. V. Chalmers and C. Cederstrand 
(1957) Proc Natl Acad Sci USA 43: 133-143 

R. Emerson  
and C.M. Lewis 
(1943) Amer J 
Bot 30: 165-178 
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Bessel Kok (1918-1979) discovered P700 in 1956-1957 in 
Wageningen, The Netherlands; in 1959, he also showed the two-

light effect on it. (see BBA 22: 399, 1956) 

1956-1957, 1959: Discovery of P700 and 2 light effect on it 

  

Must not forget experiments of Duysens, Amesz and Kamp (1961) on antagonistic effect 
of light 1 and 2 on cytochrome f..That is where the terminology of Photosystem I and 
Photoystem II, and Light reaction I and II   arose. [Presentation by Govindjee] 
 



Govindjee and Rajni look back at 
their experiments done 53 years 

ago.. 

Govindjee and Rabinowitch (1960) and R. 
Govindjee et al. (1960) showed that a short 
wavelength absorbing form of chlorophyll a 
(Chl a 670) was present in the same system 
that used chlorophyll b (or other accessory 

pigments) . This agreed  with Duysens 
(1952) that all energy absorbed by 

chlorophyll b is transferred to chlorophyll 
a. The longwavelength form of Chl a was 

in the other system! 

Rajni Govindjee 

1960 



Going Back  to 1960--  A  Cartoon   of     “Z”     

Scheme  of  Hill and Bendall 



The Early Story of P680, as Govindjee has watched it 

ò  Coleman, Holt and Rabinowitch (1956, Science, 123: 745) discovered two absorbance 
decreases in the 680-685 and 700 nm range in the green alga Chlorella; they considered 
the former to be due to Chl a oxidation. 

ò  Rubinstein and Rabinowitch (1963, Science 682: 141) and Karapetyan, Livin and 
Krasnovsky (1963, Biofysika 8: 191) showed it to be caused by fluorescence artifact . 

ò  Rabinowitch and Govindjee (1965, Sci Am 213: 74) proposed that a “P680” must exist 
as a reaction center of Photosystem II, just as “P700” exists for Photosystem I. 

ò  In H.T.Witt’s lab, Döring, Bailey, Kreutz, and Witt (1968, Naturwiss 55: 220), and 
Döring, Renger, Vater and Witt (1969, Z Naturforschg 24b: 1139) discovered its 
existence. 

ò  It was challenged by Warren Butler to be a fluorescence artifact, but it has stood to be a 
true change (see e.g., Govindjee, Döring, Govindjee, 1970, BBA 205: 303), and the 
current literature. 

TRIBUTE

Horst Tobias Witt (March 1, 1922–May 14, 2007)

Gernot Renger

Received: 1 December 2007 / Accepted: 15 December 2007 / Published online: 19 January 2008
! Springer Science+Business Media B.V. 2008

The cornerstone in understanding the functional mechanism

of photosynthesis at a molecular level was the development
of physical techniques that permit the spectroscopic moni-

toring of elementary reactions within the complex overall

system. The door for achieving this goal was opened in the
middle of the last century independently by three pioneers:

Louis N.M. Duysens (the Netherlands), Bessel Kok (first of

the Netherlands, and then USA), and Horst Tobias Witt
(Germany) who were able to identify the individual key

players of the game. The other milestone on the road of

unravelling the ‘‘secrets’’ of photosynthesis was reached
more than three decades later by obtaining information on

the structure at atomic resolution of the molecular

machinery that drives the light reactions. This achievement
by using X-ray diffraction crystallography is connected

with the names of Johann Deisenhofer, Robert Huber and
Hartmut Michel (Nobel prize in Chemistry, 1987) who

disclosed the structure of the reaction centers of anoxygenic

purple bacteria. However, the structures of both Photosys-
tem I (PSI) and Photosystem II (PSII) of oxygen evolving

organisms at an atomic level were first resolved by Horst T.

Witt and his coworkers (see Govindjee and Krogmann
2005; Witt 2005). These two milestones in photosynthesis

research illustrate the unique position of Horst Tobias Witt

in the field and the enormous impact of his research on the
progress of our knowledge (see Fig. 1 for his photograph).

Horst Tobias Witt completed his PhD in 1950 in the

field of solid-state physics, but already during his thesis he
became highly interested in the process of photosynthesis

(see Witt 1991). Later, he moved to the Max Planck

Institute of Physical Chemistry in Göttingen, Germany,
where several excellent young scientists (among them

Manfred Eigen, a Nobel-laureate in 1967 in Chemistry and

Theodor Förster the ‘‘father’’ of the theory on excitation
energy transfer between pigments) created an exciting

atmosphere of modern research in studying the kinetics and

properties of very fast reactions. Inspired by this work and
especially by the development of flash spectroscopy pro-

moted by George Porter and Ronald Norrish (Nobel-

laureates in 1967 in Chemistry) in England, UK, Horst
Tobias Witt began analyzing the machinery of the light-

induced reaction sequence of photosynthesis. His brilliant

idea was to use the method of flash photometry for

Fig. 1 Horst Tobias Witt

On May 14, 2007, Horst Tobias Witt—one of the pioneers of modern
biophysical research in photosynthesis—passed away in Berlin.

G. Renger (&)
Institut für Chemie, Technische Universität Berlin,
Straße des 17. Juni 135, 10623 Berlin, Germany
e-mail: rengsbbc@mailbox.tu-berlin.de
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The role of Chl in oxidation and reduction was already born in 

1948; however, the validity that Chl molecule, in model systems, 
serves as an uphill electron carrier was firm by 1963.  

A LIFETIME JOURNEY WITH PHOTOSYNTHESIS 225 

I hv 

ACCEPTOR ~- + 

CHLOROPHYLL + A = "CHLOROPHYLL + + "A- 

I hv 

ELECTRO  

DONOR "-  + 

PHENOPHYTIN 4- D = "PHENOPHYTIN- + "D + 

"ELECTRON- 

ACCEPTOR 

"ELECTRON + 

DONOR 

Fig. 1. Primary steps of the pigment-photosensitized charge separation. 

pounds in Leningrad, and the laboratory of L.E. Blumenfeld 
and A.E. Kalmanson at the Institute of Chemical Physics in 
Moscow. Unfortunately, neither apparatus allowed illumina- 
tion of the samples directly in the cavity. When solutions 
containing chlorophyll and ascorbic acid were placed into the 
cavity after illumination, only a very weak ESR signal was 
observed which was difficult to analyze. 

We continued these experiments on the ESR spectrometer 
built by N.N. Bubnov in the V.V. Voevodskii laboratory at 
the Institute of Chemical Physics. This apparatus had a hole 
in the cavity which allowed illumination of our samples. Un- 
der illumination, well resolved ESR signals of free radicals 
were detected. The spectrum of this signal resembled that  
observed under dark oxidation of ascorbic acid in piperidine. 

A.A. Krasnovsky and N.N. Drozdova 
(1963) showed reversible photochemical 
interaction of Chl , BChl  and bacterioviridin 
with quinone and oxygen in ethylalcohol-glycerol 
media [photooxidation was done at -70C and 
reversal was shown after thawing.  
Reviews are: 
•  A.A. Krasnovsky (1972) The fragments of the 

photosynthetic electron transfer chain in model 
systems. Biophys J 12: 749-763 

 
•  A.A. Krasnovsky (1992) Excited chlorophyll and 

related problems. Photosynth Res 33: 177-193 
 
•  A.A. Krasnovsky (1997) A lifetime journey with 

photosynthesis. Comprehensive Biochemistry 40: 
205-252 
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The  early story of  “P680”: “Yes”, and then “No” 
 

Reports and Letters

Reversible Bleaching of
Chlorophyll in vivo

It has often been suggested (1) that
in photosynthesis, chlorophyll undergoes
a reversible change. It could be either
(i) transformation into a "biradical,"
metastable state (such as an electronic
triplet state, with both free valencies on
the same atom, or a tautomeric state
with the two valencies at different
atoms); (ii) reduction, either to a semi-
quinone or to a valence-saturated leuco-
compound; or (iii) oxidation, either to
a radical or to a saturated product.

Transformation into the metastable
state has been suggested as the first step
in the intemal conversion of excitation
energy, which limits the yield of chloro-
phyll fluorescence to 25 to 35 percent in
vitro (2, 3) and to 2 to 3 percent in vivo
(3). According to Franck (4), photosyn-
thesis probably occurs by reactions of
metastable chlorophyll-a molecules. Ac-
cording to Livingston and Ryan (5),
these molecules are coresponsible for
changes in the absorption spectrum of
illuminated chlorophyll solutions in the
photostationary state; Livingston and
Ryan (5) and Livingston, Porter, and
Windsor (6), using condenser flashes
with synchronized absorption measure-
ments, found that during an intense flash
up to 90 percent of chlorophyll in a
lO4M solution can be present in the
metastable state. Livingston and Ryan's
(5) steady-state experiments indicated
bleaching at 403 ml&, and enhanced ab-
sorption at 439.5 to 524.5 mzi, while- their
flash results showed bleaching at 468,
470.5, and 477.5 mRt and enhancement of
color only at 524.5 m>. However, ac-
cording to the newer flash data of Liv-
ingston, Porter, and Windsor (6), ana-
lyzed by Livingston (7), enhancement
extends to the range 450 to 560 mtL, with
a sharp peak at 475 mAt and a shoulder
at 520 m>.

Evstigneev and Gavrilova (8) found
that chlorophyll-a, photoreduced by
phenylhydrazine in toluene, has absorp-
tion bands at 518 miz and 585 ml&. Both
bands were attributed to a semiquinone,
the 518-mp band to its ion, and the
585--mp band to the nondissociated form.
Krasnovsky (9) has suggested that
chlorophyll participates in photosynthe-
4 MAY 1956

sis by reversible reduction to the semi-
quinone state.

Studies of reversible photobleaching of
chlorophyll in 02-free methanol (2, 7,
10) and of its reversible photooxidation
by Fe* in methanol (11) and by qui-
none in rigid solvents (12), as well as
of the formation of the brown intermedi-
ate in the "phase test" (probably ionized
enolchlorophyll, 13), revealed an en-
hanced absorption by the unstable prod-
uct in the region 450 to 550 mg, but no
sharp bands were detected, except in the
last-named case, where a strong band at
524 and a weaker one at 683 miz were
noted.

It thus seems that, in vitro, reversibly
reduced chlorophyll-a is characterized by
bands at 525 mgt and 585 mZt and meta-
stable chlorophyll-a by a band at 475
mn; while reversible oxidation increases
absorption in the same region, but ap-
parently without producing a sharp new
band. Enolization and ionization of chlor-
ophyll-a leads to bands at 524 and 683
m".

Duysens (14, 15) noted that illumi-
nated Chlorella cells showed, in addition
to spectral changes attributable to the
oxidation of a cytochrome (14), and per-
haps also to the reduction of a pyridine
nucleotide (15), a sharp new absorption
band at 515 mtL and a somewhat smaller
"negative" band (that is, selective de-
crease of absorption) at 478 mg. He-at-
tributed the two changes to the trans-
formation of an unidentified pigment,
whose "dark" form absorbs at 478 m,t
and whose "phototropic" form absorbs
at 515 mj.. Witt (16) noted the 515-m,t
band in plants exposed to an intense
light flash. Duysens observed no change
in the red region, thus apparently pre-
cluding the attribution of the effect at
515 mRt to chlorophyll (whose known
phototropic forms are characterized by
decreased absorption in the red band).

Using an apparatus similar in principle
to that of Duysens (17) but with much
stronger actinic light, we have been
able to observe a decrease in absorption
of illuminated Chlorella in the red. In
our apparatus, the modulated photomul-
tiplier output was amplified through
three sharply tuned and six narrow band
staggered stages; by means of a phase-
inverting parallel twin-T tuned network,

a considerable portion of the signal was
negatively fed back from the fourth stage
to the input. The ultrasharp tuning and
increased feedback were necessitated by
difficulty in discriminating between fluc-
tuations in the fluorescence excited by
the very intense actinic light and changes
in the much weaker measuring light.
After the ninth stage of amplification, the
signal was rectified, compared, and, by
means of a balanced-plate cathode fol-
lower, fed into a Brown Recorder (as in
Duysens' instrument). Special checks
convinced us that the observed difference
spectrum was not significantly affected
by changes in the fluorescence excited by
the modulated photometric beam (which
could possibly follow the exposure to the
strong, nonmodulated actinic light).

Chlorella cells were grown in our labo-
ratory, washed, suspended in carbonate,
and refrigerated until they were used
(18). The cells were used as taken from
the refrigerator (optical density of sus-
pension, 0.45, corrected for scattering at
680 and 740 mIL). The actinic light was
furnished by a tungsten lamp 1000 w, GE
100OT20, 120 v); the entire side of the
cuvette was uniformly illuminated. Be-
fore using a sample for systematic meas-
urements (19), a check was made at sev-
eral selected wavelengths to see whether
the cells showed the normal response to
illumination. The apparatus reproduced
Duysens' earlier work with excellent
agreement; in addition, it clearly showed
absorption changes in the red.
A typical result is shown in Fig. 1.

The optical density of illuminated cells
is lower at 680 myt by up to 0.25 percent.
Although exact comparison with the in-
crease at 515 mit is not yet possible, be-
cause of the different excitation light that
we had to use in the two regions, the two
effects are of the same order of magni-
tude, thus permitting the assumption
that they are both caused by a reversible
change in chlorophyll-a. Spectroscopi-
cally this change is very similar to that
observed by Krasnovsky (9), and by
Evstigneev and Gavrilova (8) on rever-
sible reduction of chlorophyll-a in vitro
and by Weller (13) on ionization of
chlorophyll enol.
The smaller changes farther in the red

I Chlorella

0
0

w
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650 700 750
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Fig. 1. Reversible bleaching of chlorophyll
in vivo.
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Fig. 1. The change in the absorption
spectrum of a Chlorella suspension upon
irradiation with blue light of high intensity
(corrected for fluorescence).

from overloading the photomultiplier.
The changes in fluorescence due to

the measuring beam were separated
from absorption changes by two meth-
ods:

1) A narrow band interference filter,
placed in front of the photomultiplier,
was used to remove a large fraction of
the fluorescence due to the measuring
beam. A large fraction of the measur-
ing beam passed this filter, which thus
reduced the fluorescence effect com-
pared with the absorption effect. Such
an interference filter can be used effec-
tively below 670 m,t; at 680 mjt its
effectiveness is sharply reduced, since
the fluorescence band itself has a peak
at 680 to 690 myu.

Results obtained by this method
clearly show that a fluorescence effect is
superimposed upon a positive absorp-
tion change at 657, and a negative ab-
sorption change at 648 m,u (Fig. 1).
When Coleman's difference spectrum
obtained in high-intensity light is cor-
rected for the fluorescence effect, it
agrees with these conclusions; and so
do the observations of Strehler and
Lynch (4) at low intensities of actinic
light.

2) In the second method, we utilized
the fact that the fluorescence in Chlor-
ella is largely (97 percent) depolarized
(10), while light transmitted in the for-
ward direction is only slightly de-
polarized (5 percent). We introduced a
polarizer in the measuring beam in
front of the suspension, and an
analyzer in the same beam between it
and the photomultiplier. Measurements
were made at a series of wavelengths,
including 680 mIA, with the polarizer
parallel to the analyzer and with the
polarizer at 900 to the analyzer. Ab-

682

sorption changes should disappear
(within the noise level of the instru-
ment) on crossing the polarizer and the
analyzer, while fluorescence changes
should be reduced only by 3 percent.
At 680 m,u the observed effect was not
reduced markedly upon crossing the
polarizers, suggesting that it is due
predominantly or entirely to changes
in fluorescence intensity. Measurements
at shorter wavelengths gave results in
agreement with those obtained with
interference filters.

These results suggest that the 680-mgA
band in the difference spectrum that
appears in- Chlorella pyrenoidosa in
strong light, is not due to the absorption
changes, but to changes in the yield
of fluorescence caused by the measur-
ing beam. This can happen not only in
steady state measurements (with read-
ings taken during the illumination), but
also in "flash" or "flow" experiments
where measurements are made in the
dark after the flash, because, as Butler
(11) has recently shown, the higher
yield of fluorescence does not decrease
immediately upon reduction of the in-
tensity of exciting light, but decays
slowly (for several seconds) until it
reaches its steady value.

Experiments by Karapetyan, Litvin,
and Krasnovsky (12), published while
this paper was in preparation, suggest
that not only the 680 m,u band in
Chlorella, but also certain changes in
the infrared region observed in the dif-
ference spectra of photosynthetic bac-
teria, are due to fluorescence.

DANIEL RUBINSTEIN
EUGENE RABINOWITCH

Department of Botany,
University of Illinois, Urbana
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1 July 1963

Technique for Sustaining Behavior
with Conditioned Reinforcement

Abstract. Pigeons were intermittently
reinforced with food for pecking at
one key. Concurrent pecking at a sec-
ond key intermittently produced con-
ditioned reinforcers (the set of stimuli
that accompanied food reinforcement,
but not the food). Under these condi-
tions, responding on the second key
was maintained indefinitely. Rates and
patterns of responding on the second
key were a function of the schedule of
conditioned reinforcement.

In the present experiment, pigeons
could peck at either of two keys which
were available concurrently. Pecks on
one key intermittently produced food
on a variable-interval schedule of re-
inforcement. Pecks on the second key
intermittently produced all of the stim-
uli associated with food reinforcement
on the first key but it was impossible
for the birds to eat, because the food
magazine was raised for one-half sec-
ond, so there was not time enough for
the birds to reach the food.
More specifically, pigeons, main-

tained at 80 percent of their free-feed-
ing weight, performed daily in a stand-
ard, two-key experimental space (1).
Each daily session terminated after 50
food reinforcements were obtained. A
yellow light and a blue light were pro-
jected upon the left key and right key,
respectively. Responses on the left key
were reinforced on a 3-minute variable-
interval schedule with a 4-second ac-
cess to the food magazine. This was
accompanied by (i) the sound of the
solenoid-operated magazine, (ii) the
illumination of a magazine light, (iii)
the absence of the key lights, and (iv)
the absence of the two house lights
which normally illuminated the experi-
mental space. Responses on the right
key were reinforced on an independent
3-minute variable-interval schedule with
all of the above stimulus changes oc-
curring for a duration of one-half sec-
ond.

Figure 1 shows a final performance,
a stable state which could be main-
tained indefinitely, under this proce-
dure, for two birds. The left records
are cumulative response records of per-
formance maintained by the variable-
interval schedule of food reinforce-
ment. A constant rate of responding
appropriate to this schedule of rein-
forcement was sustained at approxi-
mately 1.5 to 2.0 pecks per second.
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D. Rubinstein and E.I. 
Rabinowitch (1963) 

Science 142: 681-682; 
And, N.V. Karapetyan, 

F.F. Litvin and A.A. 
Krasnovsky (1963) 
Biofizika 8: 191-200 

proved this “P680” to 
be an artifact of 
fluorescence! 

 

J.W. Coleman, A.S. Holt and E.I. Rabinowitch  
(1956)Science 124: 795-796 

Jan., 1959 EVIDENCE OF PHOTOREDUCTION OF CHLOROPHYLL in Vivo 31 

Fig. 1.-Difference spectra of ChEorellapyrenoidosa (“thin” suspension in carbonate buffer, no. 0) in white light (A,,, = 555 
mp) of different intensities: dots, incident light intensity, 3.4 X 1014hv/(sec. X cm.z); circles, incident light intensity, 
12.0 X 1014hv/(sec. X cm.2); crosses: incident light intensity, 31.4 X 1014hv/(sec. X cm.2). 

chlorophyll, and (b) the apparent correlation of 
the absorption increase a t  520 mp with the ab- 
sorption decrease a t  480 mp-a region where chlo- 
rophyll a does not absorb. (The location of the 
blue absorption peak of chlorophyll b in vivo is not 
well known, but it may lie near 475 mp; however, 
that of the reduced form of chlorophyll b is located, 
according to Evstigneev, a t  560, and not a t  520 

Coleman and Holt have first measured in our 
laboratory the difference spectrum of illuminated 
Chlorella cells up to 720 mp, and found a “negative” 
band (a decrease in absorption in light), a t  G80 
mp-i.e., in the position of. the main absorption 
band of chlorophyll a in vivo.2Q The relation 
of this “negative” band to the “positive” band at 
520 rnfi remained, however, uncertain, because of 
the use of different sources of actinic light for 
measurement in the two spectral regions. 

Following are some results of the continuation of 
this study by Coleman. The instrumentation was 
essentially the same as in 20; improvements (in- 
cluding the provision of a device to  measure the 
difference spectruq of scattering) will be described 
else where. 

It rep- 
resents difference spectra of Chlorella cells suspended 
in bicarbonate buffer no. 9, for three intensities of 
white light [3.4, 12 and 31 X l O I 4  incident quanta 
per sec. per ~ r n . ~ ] .  The curves correspond to 
completely reversible and practic?lly steady 
changes, observed after 1-3 minutes of illumination. 
With longer illuminations, slower, and not im- 
mediately reversible, changes in absorption began 

nw.) 

. 

Figure 1 gives a selection of the results. 

(20) T. W. Coleman, A. 9. Holt. and E. R%hinowitcll, “Research i n  
Photosynthesis,” Interscience Publishers, New York, 19.57, PI). GS-74. 

to occur. One of the importa,nt points, which will 
have to be elucidated by further studies, is to 
what extent the observed difference spectra can 
be considered as characteristic of the steady state 
of photosynthesis, and to what extent they may 
be affected by induction phenomena. 

One would not expect changes characteristic of the 
transient induction phase to remain constant during the 
period from 1 to 3 minutes after the beginning of illumina- 
tion; also, one would expect such changes to be strongly 
affected by the duration of the preceding dark period, 
temperature and other factors, which Coleman found to 
have little influence on the changes represented in Fig. 1. 
Nevertheless, a closer study is needed to separate clearly 
steady-state effects from transient phenomena. In par- 
ticular, the sometimes complicated relations observed liy 
Coleman between the amplitude of a difference band and the 
intensity of illumination may be due, a t  least in part, to 
the superposition of transient changes upon the steady state 
effect. 

Figure 1 reveals a complicated picture of a dif- 
ference spectrum containing about a dozen “nega- 
tive” and two (or three) “positive” bands; each 
of these may represent a potentially valuable piece 
of information concerning reversible changes in the 
photocatalytic apparatus of the cell. 

The ordinates in Fig. 1, marked 1000 X E,  are 
fractional changes in absorption, AI/I (expressed 
in tenths of a per cent.). For a change dc in the 
concentration of an absorber with molar absorption 
coefficient E, in a vessel 1 cm. deep, we can write 

Since we deal with small changes (A1/1<0.3%), 
ATIAc = dI/dc, and consequently 

(1) - - =  A’ EAC I 

J.W. Coleman  
And E.I. 
 Rabinowitch 
(1959) J Phys 
Chem 63: 30-34 
had discovered 
other changes 
that must not be 
forgotten 

1956--1963 



There must be a real P680, we said 

In the summer of  1964, I 
made a scheme for 

teaching a course in 
Urbana, and convinced 
Rabinowitch that a real 

“P680” must exist in 
Photosystem II, and he 

agreed to include it in our 
popular article  

(Rabinowitch  and 
Govindjee (1965) Sci Amer  
213: 74-83) . Here Wolfgang 

Junge is looking at it on 
Sep.27, 2013 

1964--1965 

Presentation by Govindjee 
 



How did I convince Rabinowitch to my point of view of  “P680”?  

1570 BOTANY: KREY AND GOVINDJEE PROC. N. A. S.
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FIG. 2.-Emission spectra obtained in low intensities [II (dotted), and 12 (dashes and
dots)] and in high intensity [I, + 12 (dashes)] of green (544 mIA) light in Porphyridium
cruentum. The solid line (AF) is the "difference emission spectrum" (see text).
First, the half-band width of the 693-mM difference emission band is 10-15 mjA,

in contrast to 30 my which is the half-band width of the 685-myA emission band. Ex-
periments with spinach chloroplasts14 suggest that the 685-mA band may be a com-
plex band, composed of at least two bands. Because of this, a comparison of the
sharpness of the 685-ma and 693-mu bands is not very meaningful. Still, the 693-
mu band appears remarkably sharp, and we do not quite understand why this is so.
(The half-band width of chlorophyll a in solution is around 18 mL4.)
The second distinctive characteristic of the fluorescence difference spectrum is

the location of the new band on the long-wave side of the 685-muA band. This sug-
gests that a pigment with an absorption maximum on the long-wave side of that
producing the 685-miA emission band is responsible for the 693-mA emission band
(vide infra).
The apparent absence of a vibrational satellite band needs to be confirmed.
When photosynthesis is light-saturated, light energy reaching the reaction center

(energy trap) cannot be utilized efficiently for chemical purposes. It is logical to
assume that this may lead to a loss of excitation energy, by fluorescence. If this
were so, and if the absorption spectra of the trap and the bulk pigments were some-
what different, one would expect the emission spectrum, measured at high light
intensity, to be different from the emission spectrum measured at low light intensity.
The 693-mn difference band in the fluorescence spectrum can be tentatively at-

tributed to fluorescence from trap II, and not from trap I, because the action spec-
trum of the stimulation of fluorescence, measured by Butler,'5 was that of system II.
Green light causes excitation mainly of system II. If we accept the "separate-
package model" of photosynthesis (cf. ref. 16), we expect to see also fluorescence

Sci Amer 213: 74-83 (1965)  

Krey and Govindjee (1964) in Proc Natl Acad 
 Sci USA 52: 1568-1572 wrote : “We believe 
 that the small 693-nm fluorescence band emanates 
 from "photochemically frustrated” 
 trap II under these [high light and DCMU] 
 conditions” 
 

1964-1965 



Discovery of Reaction Center of PSII, P680, in Berlin in 
Witt’s lab 

1969 



Govindjee, G. DÖring and R. Govindjee (1970) showed that P680 was present in wet-
heptane extracted chloroplasts and in Tris-extracted chloroplasts and it was not due to  

fluorescence artifact.  

SHORT COMMUNICATIONS 303 

dominate in the ensuing oxidation. Taking this into consideration it does appear that  
the membrane imposes a limitation on the rates of oxidation of cis-aconitate and 
isocitrate by  rat liver mitochondria under these conditions, even at saturating L- 
malate concentrations. This limitation, it must  be emphasised would probably have 
little bearing on the situation in vivo where mitochondrial NADP ÷ is substantially 
reduced and the NAD-isocitrate dehydrogenase would predominate in the oxidation 
of isocitrate derived from citrate. 

Department of Biochemistry, 
University of Bristol, 
Bristol (Great Britain) 
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BBA 43 263 

The active chlorophyll a,, in suspensions of lyophilized and Tris-washed 
chloroplasts 

In photosynthesis, light absorbed in two different pigment systems is used for 
two different light reactions 1,*. The reaction center for System I (the P7oo) was dis- 
covered by KOK 3. Suggestions for the existence of a t rap in System I I  came first from 
EMERSON AND RABINOWITCH 4. Further hints came from fluorescence studies at low 
temperatures 5-~. Recently D~RING et al. 8 have discovered absorbance changes due to 
chlorophyll a (Chl a) in System I I  with peaks at 435 nm and 682-690 nm 9 and a half- 
life a IOO times shorter than that  of P7oo. 

Abbrev ia t ions :  Chl, ch lorophyl l ;  DCMU,  3 (3 ,4 -d ich lo ropheny l ) - I , z -d imethy lu rea .  

Biochim. Biophys. Acta, 2o5 (197o) 3o3-3o6 

1970  The Berlin P680 was  not a fluorescence artifact   



“P680” participates as electron carrier, not just as a sensitizer 
 

1971-1972 

(1971) BBA 226: 103-112 

(1972) Biophys J 12: 851-857 



P680 and P700 absorption changes (after Ke, 1973; after Van Gorkom et al., 1975) 

P680 

P700 

There is no doubt now  that P680 and P700 are real things 



A.A. Krasnovsky, G.P. 
B r i n a n d  V . V . 
N i k a n d r o v ( 1 9 7 6 ) 
P h o t o r e d u c t i o n o f 
o x y g e n  a n d 
photoproduction of 
hydrogen on inorganic 
photocatalysts. Dokl 
AN SSSR 229: 990-993; 
see figure. 
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In 1961, we conducted an experiment that we called an 
'inorganic model of the Hill reaction' [64]. We used TiQ, 
ZnO, and WOa illuminated with the 365 nm mercury emis- 
sion band. In water suspensions containing semiconductor 
particles and electron acceptors (ferric compounds or p- 
benzoquinone), we observed oxygen photogeneration, al- 
though, with a low quantum yield (1-3%) (Fig. 5). Both for- 
mation of ferrous compounds and the release of hydrogen 
ions corresponded stoichiometrically to the oxygen produced 
[65]. In the experiments conducted in collaboration with re- 
searchers at the Institute of Chemical Physics (using lsO- 
labeled water), it was shown that oxygen was actually gen- 
erated from water molecules [66]. 

Under aerobic conditions, when methyl viologen was used 
as an electron acceptor and ascorbate, dithiothreitol and 
other compounds as electron donors, we observed a photo- 
sensitized reduction of methyl viologen. In the presence of an 
appropriate catalyst (bacterial hydrogenase), the evolution of 

AQUEOUS SOLU~ON ZnO, TiO 2 

Fe 2 (~) ~ Fe ~ _ CONDUCTION BAND 

OH 

02 ~ - -  VALENCEBAND 

CONDUCTIONBAND 

AQUEOUS SOLUTION ZnO, TtO 2 

• MV ~ )  ' MV ( ~ ( ~  CONDUCTION BAND 

I / 2  H 2 VALENCE BAND 

07- ) 
OH PHASE BOUNDARY 

ACCEPTOR 

PHASE BOUNDARY 

Fig. 5. Hypothetical scheme of photosensitized oxygen and hydrogen evolu- 
tion on the particles of 7702 and ZnO. 

1975; 1976: Krasnovsky goes for Hydrogen 
 Evolution in TiO2 and ZnO particles 

Again ahead  of his time 



 
 

1977: Discovery of pheophytin as PSII acceptor 

A LIFETIME JOURNEY WITH PHOTOSYNTHESIS 237 

what  extent can one observe pheophytin participation not 
only in bacterial reaction centers, but also in that  of P S I  
and PS II? 

Reviewing our photochemical experiments, I noted the 
similarity in the behavior of chlorophyll and pheophytin: 
both were capable of reversible photooxidation and reduc- 
tion. The difference was that  chlorophyll underwent more 
readily reversible photooxidation, whereas pheophytin 
showed photoreduction. It seemed that  pheophytin must be 
somehow involved in photosynthesis. Many researchers had 
previously reported that during pigment extraction from 
green leaves, there were always small amounts of pheo- 
phytin detectable. Perhaps, rather than being a purification 
artifact, pheophytin was significant in electron transfer? 

Already, in our experiments in 1968, in collaboration with 
M.G. Shaposhnikova, we applied the fluorimetric method of 
pheophytin determination under conditions excluding pheo- 
phytinization (low temperatures, etc.). However, even then, 
a small amount of pheophytin (making up 1-1.5% of the 
chlorophyll content) was always present [59]. The puzzle 
was solved later by the research group in Pushchino when 
pheophytin was found to be a component of the reaction cen- 
ters of PS II. The experimental evidence of this was obtained 
when membrane particles enriched in PS II reaction centers 
were studied. Klimov et al. [58] managed to observe pho- 
toreduction of pheophytin coupled to photooxidation of reac- 
tion center chlorophyll. This concept is now generally ac- 
cepted (Fig. 4). 

. 
DONOR ACCEPTOR 

CHLOROPHYLL PHENOPHYTIN 

Fig. 4. Photoinduced electron transfer between chlorophyll and pheophytin. 

V.V. Klimov, A.V. Klevanik, V.A. Shuvalov 
and A.A. Krasnovsky (1977) Reduction of 
pheophytin in the primary light reaction of 
Photosystem II. FEBS Lett 82: 183-186 ; they 
discovered that membrane fragments enriched 
in PSII showed photoreduction of  pheophytin 
coupled to photooxidation of  Chl. 
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molecular hydrogen was observed (Fig. 5) [67]. In these ex- 
periments, methyl viologen served as the intermediate elec- 
tron carrier from semiconductor particles to hydrogenase. 
Recently, we observed coupling of TiO2 particles with living 
Clos tr id ium cells. In this case, reversibly photoreduced 
methyl viologen diffused through cell walls to the hydroge- 
nase localized inside the cells (Fig. 6) [68]. 

In experiments performed by M.A. Shlyk et al. [69], the 
electron transfer  from the semiconductors (TiO2 and CdS) to 
hydrogenase, was shown, without methyl viologen as inter- 
mediate electron carrier. When TiO2 was used, the quantum 
yield of electron transfer to hydrogenase achieved 20%. Tris- 
buffer, sulfhydryl compounds or formate served as electron 
donors in these reactions [69]. A number of systems of hy- 
drogen photoproduction with the use of inorganic catalysts 
has been described by M. Gratzel [70]. 

It seems attractive to use molecular nitrogen as electron 
acceptor in reactions of this type. G.N. Schrauser and T.D. 
Guth experimentally observed dinitrogen photoreduction on 
the surface of TiO2 [71]. Using the system TiO2-N2- 
acetaldehyde, photosensitized amino acid formation was ob- 
served. The quantum yield of these reactions was extremely 
low, about 10 -s in the latter case [72]. The use of semicon- 

lip 

Dred ~ ~ __ ee._ ._~ 

Dox .~  ~ ' -  MV++ 

PHOTOCATALYST PARTICLE 

H2 

--~f~HYDROGENAS! 
' ~ J ~ - H +  

CLOSTRIDIA CELL 

Fig. 6. Scheme for hydrogen photoproduction in the coupling of mineral 
photocatalyst to Clostridium cells. MV, methyl viologen; Dre d and Dox ~ re- 

duced and oxidized electron donor, respectively. 

Krasnovsky’s group moved from solution 
systems to (anaerobic) liposomal systems where 
they used ascorbic acid inside the liposomes and 
succeeded in using methyl viologen as electron 
acceptors (A.A. Krasnovsky, A.N. Semenova and 
V.V. Nikandrov    (1982) Chlorophyll-containing 
liposomes, photoreduction of  methylviologen, and 
photoproduction of  hydrogen. Dokl AN SSSR 
262 :469-472); and they were able to show 
hydrogen evolution, in the presence of bacterial 
hydrogenase (A.N.Semenova, Ya V. Barannikova,  
V.V. Nikandrov    and     A.A. Krasnovsky (1987) 
Conditions for the efficient photoinduced 
transmembrane electron transfer in chlorophyll-
and pheophytin-containing liposomes. Biolog 
Membr (in Russian) 4: 448-557. 

 Again Ahead of his Time 
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hv 

HYDROGEN ~ ~ CHL ~ METHYL 
DONOR ~ ~ "VIOLOGEN+ ~ G ' / 2  H2 ENASE 

OXIDISED ~ "~ OCHL+d ~ METHYL H+ DONOR VIOLOGEN++ 
Fig. 2. Scheme of the photosensitized reduction of methyl viologen coupled 

to hydrogenase. 

The state of the photosynthet ic  p igments  in l iving 
cells 

In 1950, with the initial idea to find photochemical reactions 
of phycobilins, I went  to the Sevastopol Biological Station of 
the Academy of Science, which had been restored after its 
destruction during the war. The staff of the Station were 
several enthusiastic scientists, headed by Professor Vodya- 
nitsky, who actively invited researchers of the Academy of 
Sciences to come for work. Living conditions at the Station 
were hard at that  time. I and the ichthyologist and future 
academician Svetovidov lived and worked in one of the labo- 
ratories of the Station. Our food consisted predominantly of 
bullheads which Professor Svetovidov used to fish right from 
the wall of the Station, and which I boiled in the laboratory's 
Er lenmeyer  flasks. 

I was given a boat which I used for voyages in the harbor 
waters and for collecting various species of red algae from 
the stones. Calitamnium Ribosum was the best for my ex- 
periments. It lost color in distilled water  with the formation 
of aqueous solutions of phycoerythrin and phycocyanine. The 
next step was the purification of these pigments. As an ad- 
sorbent for the columns, I used a tooth powder which I was 

1982; 1987: Reduction of  methyl viologen in liposomal 
Systems; and hydrogen evolution, with hydrogenase present  



1989 
Primary Photochemistry: Conversion of light energy into chemical 

energy occurs in picoseconds in PSII: Our  First measurements on P680  
in PSII  
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Romero	  et	  al,	  Biochemistry,	  2010	  
Novoderezhkin	  et	  al,	  ChemPhysChem,	  2011	  
Romero	  et	  al,	  Biophys.	  J.,	  2012	  
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I have several other  photographs of Academicien Krasnovsky  that had 
been provided to me  by  Armin Meister, of Germany (Email: 

armin.meister@t-online.de) some time ago, but I decided to provide them 
to you separately ( they are with Navik Karapetyan and with A.A. 

Krasnivsky, Jr.)  to  celebrate Acad. Krasnovsky’s  100th birth anniversary.  
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Figure 2. Alexander Krasnovsky (second from left) with scientists visiting Moscow: the late Jan Amesz (first on the left), Govindjee (third
from the left), H. Metzner (fifth from the left) and N. Karapetyan (extreme right) (1970s). Courtesy of Govindjee.

Chibisov, Eugene Kholmogorov, Georgiy Gurinovich,
Anatoliy Losev, Boris Kiselev, Michael Stolovitskiy
Iosif Dilung, among others. It is worth noting that
such well-known biophysicists as Vladimir Shuvalov
(now a Russian academician), Vitaly Sineshchekov
and Alexander Krasnovsky, Jr. started their careers in
photosynthesis in Felix Litvin’s group (organized by
Alexander Krasnovsky). (Figure 2 shows a photograph
of Krasnovsky with Karapetyan and scientists visiting
from abroad.)

Lev Tumerman (1899–1986)

Lev Tumerman (see Figure 3) is undoubtedly the
founder of the physical school of photosynthesis in
the former USSR. He was very enthusiastic and de-
voted to science. Before the Second World War he
worked for two years at the Physical Institution in Mo-
scow without salary while awaiting a vacancy! Sadly,
in 1947 one of his experiments ended with an explo-
sion and ruined his small installation. In these gloomy
times of Stalin, this was enough to forward him to
trial where he was sentenced to eight years (1947–
1954) imprisonment. The prosecutor claimed that this
explosion was anti-Soviet sabotage, but the Soviet
Academy president at that time, Sergey Vavilov, de-
fended Tumerman from such a mortal accusation. For-
tunately, Tumerman was soon transferred from a reg-
ular jail to a camp in Siberia, specially organized for
arrested scientists. At this camp scientists had access

Figure 3. Lev Tumerman (1980s). Courtesy of Shmuel Malkin.

to the scientific literature, and occasionally Tumerman
encountered information about new ideas in photosyn-
thesis, in particular contributions by A. Krasnovsky,
in which L.N.M. Duysens work was cited. Tumerman
read them with great interest and decided to direct his
future scientific career into this exciting realm. After
release at the beginning of 1954 and passing verifica-

Navik Karapetyan Jan Amesz 

Gov 
Prof  Metzner 
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Left to right: George C. Papageorgiou (Greece) , Acad. A.A. 
Krasnovsky, Norio Murata (Japan) , Esther Dujardin (Belgium)  and 

Prasanna Mohanty (India); Photo, ~ 1991 
(presented on behalf of George, my very first PhD student) 

My thanks go to Navik Karapetyan for inviting me to   share my 
thoughts  with you, especially because of my deep appreciation for 

Acad. Krasnovsky.  

Presentation by Govindjee 
 


