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I Atravel through history

Govindjee (2010)




Govindjee
(2010)

Richard Wilstidtter (1915)
James Franck (1925)
Hans Fischer (1930)

Otto Warburg (1931)
Paul Karrer (1937)
Richard Kiihn (1938)

Severo Ochoa (1959)

Melvin Calvin (1961)
Robert Woodward (1965)
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George Porter (1967)
James Norrish (1967)
Peter Mitchel (1978)

Johannes Deisenhofer (1988)
Hartmut Michel (1988)
Robert Huber (1988)
Rudolph Marcus (1992)

Paul Boyer (1997)

John Walker (1997)
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heliobacteria cyanobacteria
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purple
~ bacteria

green
sulfur
bacteria

Plants, algae

green
gliding 2
bacteria Bacteria

Eukaryote

Eukaryotic photosynthetic
organisms formed by
endosymbiosis of
cyanobacteria

Based on 16S rRNA
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; Transitional forms Plastid
Extensive gene Origin

Cyanobacteria
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Acaryochloris

Anoxygenic Photosynthesis Time Oxygenic Photosynthesis
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Pts
The eras of photosynthesis

Figure 1. The eras of photosynthesis, according to Martin Kamen (Primary Processes in Photosynthesis. Academic Press, New York, 1963).
The term logarithm of the reciprocal of time, expressed in seconds (pts), was suggested by David Gutsche, for which Kamen thanks him.

Govindjee (2010)



Chloroplast
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1940: Discovelzr of
radiocarbon-14 (with Sam
Ruben): story the day C-14 was
discovered?

1941: Oxygen-18 experiment
showing that oxg%en comes

from water (with Sam Ruben)

1949: Nitrogen fixation by
hotosynthetic bacteria (with
oward Gest)

Discoverer of several '
cytochromes in photosynthetic
bacteria

Received Fermi Award in
1996
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the path of carbon
in C-3 plants were :

Andy Benson;
James Al Bassham;
Melvin Calvin and

many others
(Calvin-Benson




(see Photosynth Res 2010 Onhne° o
DOI 10.1007/s11120-010-9591-3; DOI 10. 1007/511120-010-9592—2)
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The Photosynthetic Unit, 1932

The Minimum Quantum Requirement for Oxygen
Evolution, 1920s — 1960s

The Very First Ideas on Two Light Reactions, 1945
Action Spectra of Photosynthesis, 1943

The Red Drop in Photosynthesis, 1943

The Emerson Enhancement Effect, 1957

The Blinks Effect: Chromatic Transients, 1957, 1960

The Two Light Reactions and Two Photosynthesis:
Chlorophyll a in both systems, 1960
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* The Photosynthetic Unit (1932)

® “We need only
suppose that for
every 2480 molecules
of chlorophyll there
. is present in the cell
. B 1 one unit capable of
@ reducing one
R P molecule of carbon
= e e dioxide each time it
Mols chlorophyll per mm? of cells x 108 1S Suitably activated

by light.”
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......

'HansGaron (1902 1979) The 19364'”Concept;‘of

Excitation Energy Transfer” and a “photoenzyme; discovery of
hydrogen evolutlon and hydrogen uptake by algae in the 19405

Fluorescence
(Fo)

Reaction Center
(open)

Fluorescence
(Fmax)

Reaction Center
(closed)
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The 1931 Nobel-laureate in Physiology or Medicine
Otto Warburg (1883-1970) reported, for more than

40 years (1923 —1969), that the minimum number of
photons needed to evolve one molecule of oxygen, at
low light intensities, was 2.8 —4!

oOWn PhD student Robert Emerson
(1941-1958)
who obtained a value in the

Govindjee (2010) range of




~ some tlme (see Govmdjee (1999) Photosynth Res 59:249- 254), Rajm |
Govindjee, Govindjee and Eugene Rabinowitch (1968) confirmed Emerson
under the precise experimental conditions of Otto Warburg: young
~ synchronous cells, with blue catalytic light and 10% CO2 =~

Calculated Wartiury
-— —t J .
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Calvin—Benson Cycle Eg

4 {HCO3y}

Yy

{CH20} + H,0 + 3CO,

Govindjee (2010)

“....two quanta will
be needed to transfer
each of the four
required H atoms (or

electrons), first from
-y water to the

SR cyiochrome, and
then from the
cytochrome to the

final acceptor.”
---1956

4 {H20}
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~ Natural History Building, Mathews
Avenue, Urbana

Emerson Enhancement Effect was discovered during
1956-1959 by Robert Emerson and his coworkers in £

. were carried out in a room
that we entered from 157
Natural History Building

Algae were grown in a tiny
culture room

| The "Door to .Knowledge" (157 NHB) visited in
2001 by Professor Bob Clegg, a current collaborator

Cathetometers were used to

read pressure changes with
0.01 mm precision.

1]
)
i
s
=
|
>
3
3
=
S
g
~
=
oY
3
3
T~
3
QO

Emerson always wore a tie
. 9t | and an old apron in the lab.

athetometers; Warburg's Manometers; Robert Emerson (1957) in his Lab.
and Emerson's Monochromator; (Notice his tie!)
and a Second Beam



With supplementary light

§m"%uu =

Without
supplementary light

1957

Quantum yield of oxygen evolution

Govindjee, 1963
confirming Emerson, 1957
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Let us say, the rate of oxygen evolution, at a low
intens&ty of far-red light, was 10 molecules per
second.

And the rate of oxngn evolution, at a low intensity of

supplementary light, was 40 molecules per second.
Emerson discovered that when the same two beams of
light were %:Ven together, the rate was, e.g., 70 ,
instead of the expected S0.

Thus, there was an Enhancement of 20 oxygen
molecules; for the rate of oxygen evolution in far-red
light (in the presence of the supplementary light),
enhancement would have a ratio of 2 : 70 minus 50,
divided by 10 !




Emerson effect

e Myers and French (1960)
concluded, as Emerson
had done, that one light
reaction was run by
Chlorophyll a and the
other by Chlorophyll b,

Blinks effect but they added that the
.- chromatic transient

. discovered by Blinks was

,c/ seg’ h;", J related to the same basic

¢ phenomenon.
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::_:.?‘s;Govmd]ee;:and :-Ra]'m look backi’atz;;
_their experiments done 50 years
ago..

Fucoxanthol Chl 2670 Rajni Govindjee

"Hill reaction”, relative units

670
Wavelength, nm

Govindjee and
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
Govindjse & Rabinowitch, 1960 accessory pigments) . This agreed with
M2 ew w0 s 0 Duysens (1952) that all energy absorbed by
Wavelength of supplementary fight, nm— chlorophyll b is transferred to chlorophyll
a. Also Rajni’s work showed that the effect
Govindjee (2010) was in photosynthesis , not respiration

Chl a 670
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7. Antagonistic Effect of Two Lights on P700:
Bessel Kok, 1959
8. Robin Hill’s Concepts (Hill and Fay Bendall,

1960)
9. Lou Duysens and Jan Amesz’s Key Experiments
on Cytochrome f: Naming of the System 1 and
System 2; The Push and Pull Experiments;
Evidence for the Series Scheme, 1961

10. Experiments by Horst Witt and coworkers
with Light Flashes, 1961
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fv__.ij:‘?}"Be'ssel ”f;—-’ok dlscoverer of P 0 had the first
| ~ two light effect on an mtermedlate of |
photosynthesis

e Kok (1959 ), in the Robert
Emerson Memorial issue of
Plant Physiology, showed
a two-light effect, in a
cyanobacterium Anacystis
nidulans, on the redox
state of the reaction center
chlorophyll “P700”, and
dlscussed his observauons
in the context of the
discovery of the Emerson
Enhancement Effect.

Red excitation

excitation

Absorption difference, relative units
A N HhON = O = NWwAE OO

Kok, 1959
710 720 730
Wavelength, nm
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Light 1 (red light) oxidized cytochrome f (called Light Reaction 1 and its
Photosystem,PS 1) ; whereas, Light 2 (green light) reduced it (called Light
Reaction 2, and its photosystem, PS 2). This push-pull antagonistic effect
on a redox intermediate is the crux of the Series Z-Scheme.
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amadall B cytoechrome
oxidants {2

|

H2 sreductants
(photoreduction)

Fig, 3. vaothetical schema showing functions of systems 1 and
2 in photosynthesis




We note that Horst Witt had the intermediates X,Y and Z different from what
Rabinowitch had in 1945.

388

-04
TPNH, ox.Jn mt dye 0, , X/XH
K TPN mun } oxdye } i -

il ==l -04 Sys;;l ® &—rr

4 H\ Cyto (0OVICY b \

~=04 V. ”20 +037V. ~+08V, ool \
y i Cyt £ (+037V)

V2
' cm-m ? ’ cmfm ¢ +o5L ~>@ System 2
hy »
Fig. 2, Reaction pattern of photosynthesis +08 Z/HZ
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pred i, H P~ P

11. Biochemists Began to Contribute Through Use
of Chemicals, Inhibitors, Electron Donors and
Acceptors, 1962 et seq

12. Physical Separation of Pigment Systems ; Keith
Boardman and Jan Anderson, 1964

13. Geneticists (e.g.,’aul Levine) Began to Provide

Key Confirmation of the Steps Through the
Use of Mutants

By 1963, the Picture was Clear
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The Various Z-Schemes of Electron

Transport in Photosynthesis that We
Have Drawn over the Years, 1965--2010

Comments on How Best to Teach The
/-Scheme at Various Levels
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1989: 2000; and 2004

1989, Govindjee with Demeter
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The most interesting way to

explain the Z-Scheme is to
involve students by having
them play the role of
different intermediates
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hitp:/www. lile llinois. edu/govindjeaipage3. himi; hitpiwww.lde dlinois. edugovindjeataxtzsch. him; and hitp:/’www.molecularadventures.net/
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Merely b
- Or b
0] becausez _
Do not belieye -

But whatever, afte
You find

And take it as your gtude




nonomachine

The energy stored in

a pH gradient (and
electricpotential)acro-
ss the membrane is
converted into ATP
phosphate energy by
coupling mechanical
motion to chemical
bond formation.




Miscanthus is a
perennial grass that has
a very high efficiency
and a long growing
season. Currently used

in Europe as a biomass
source.

Steve Long and others
have begun to exploit
this grass for
Bioalcohol, the Big
British Petroleum grant!

I
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Algae and "~ TeaW i AN A TR

cyanobacteria ’,"
as potential B
sources of |
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~ Artificial photosynthesis

Natural photosynthesis

Cdted by Archaey F. Colings

= 0,+CH0, Adl"tﬁh |
oxygene glucose mcia

P. R.C. in leaf Photosynthesis

Artificial photosynthesis

molecular
device




1§ Robust and Sustained H, Production:
mnstead of making food, make hydrogen and thus...

TIBTECH Decen

Oxygenic microbes®

Microalgae:
a source of energy

® Wastewater bioreactors

4 ® Information from cell culture aroma

® Exploring relationships between biological objects
4 ]

Create your own virual journal online with
Recommend access to your librarian tday
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In the “City of Photosynthesis”, Urbana, Illinois, once Robert Emerson
(1903—1959) and Eugene Rabinowitch (1898—1973) walked on its streets

UNDERSTANDING
PHOTOSYNTHESIS

ILLINOIS WAS HOME TO TWO PIONEERS
OF PHOTOSYNTHESIS RESEARCH. ROBERT
EMERSON AND EUGENE RABINOWITCH MADE
FUNDAMENTAL DISCOVERIES THAT REVEALED
THE MECHANISMS FOR CONVERTING LIGHT TO
CHEMICAL ENERGY IN PHOTOSYNTHESIS.
RABINOWITCH APPLIED PHYSICAL PRINCIPLES
TO UNDERSTANDING THIS PROCESS. BY
FORGING A LINK BETWEEN THE BIOLOGICAL
AND PHYSICAL SCIENCES, THEY HELPED
ESTABLISH THE DISCIPLINE OF BIOPHYSICS.

UNIVERSITY OF ILLINOIS




