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This report of the papers submitted for Group 4 includes some aspects 
of experimental research on the structure, pigment chemistry and 
function of photoreceptor systems of plant and animal cells. The main 
emphasis of this group is with the photosynthetic structures; the 
chromatophores, plastids and chloroplasts of photosynthetic bacteria, 
algae and higher plants. Another concern is with the spectral and 
other physical-chemical properties of the pigments, particularly the 
chlorophylls, the chlorophyll-protein complexes and photoreceptor 
pigment-model systems. Finally, the problem of energy transfer 
via photoreceptors, whether performed by the chloroplasts in the 
process of photosynthesis or by the retinal rod outer segments of 
the eye in the initiation of vision, is briefly considered. 

The photoreceptors seem dependent on an ordered (quasi-crystal-
line) molecular structure and a pigment system for their function. 
Whether the molecular structure of the photoreceptors and the 
molecular structure of the pigments can be incorporated into a common 
basis for function for all of the diverse photoreceptors, remains to be 
seen. Progress in this exciting area of research, however, is proceeding 
rapidly. 

R.C.FULLER {Dartmouth Medical School, Hanover, New Hampshire, 
* Control of the in vivo absorption spectrum of bacteriochlorophyir) 
has investigated the chromatophores, the photosynthetic structures, 
in a single species of Chromatium, strain D . The chromatophores are 
either tightly bound vesicular structures or a loosely arranged lamellar 
system. Their structure can be controlled by the incident light 
intensity on the growing cultures. At low light intensities the total 
bacteriochlorophyll pigment concentration and the lipids of the 
chromatophores increase. These chemical changes bring about 
structural changes in the chromatophores. The far red absorption 
spectrum fine structure of bacteriochlorophyll is also changed under 
these conditions. The absorption spectrum is also affected by the 
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source of reducing power (thiosulphate or malate). However, the 
lower the light intensity, the higher the amount of bacteriochlorophyll 
produced per cell, and the more dominant the 800 nm spectral band. 
Therefore, it was suggested that structural changes in the chromato-
phore are due to the physical and chemical environment and are 
reflected by the far red spectral fine structure of bacteriochlorophyll. 
The chromatophore structure and spectral changes, therefore, are also 
under the control of the incident light intensity and the metabolic 
conditions of growth. 

G . H . M . KRONENBERG and E . C . WASSINK {Laboratory of Plant Physio-
logical Research, Agricultural University, The Netherlands, 'Some 
properties of pigment-protein complexes in purple bacteria') also 
carried out an investigation of the properties of pigment-protein 
complexes of the chromatophores in Chromatium, strain D and in 
Rhodopseudomonas sphéroïdes. Both species were also studied by 
varying the culture, chemical medium and growth conditions. Direct 
correlation between carotenoid deficiency and changes in the near 
infra-red spectrum of Chromatium could not be established. The 
appearance of a * staircase-type ' absorption spectrum, which consists 
of a dominant 800 nm peak and suppressed peaks at 850 nm and 
890 nm, is found only at low light intensity. Carbonate instead of 
malate in the medium gave rise to a less pronounced * staircase type ' of 
spectra. In Rhodopseudomonas, the height of the 850 nm absorption 
peak does not decrease either in the presence of diphenylamine or at 
low light intensities, as it does in Chromatium. The relation in height of 
the two main absorption peaks (850/795 nm) in Rhodopseudomonas is 
sometimes even increased. 

A.KRASNOVSKI {Bakha Institute of Biochemistry, U.S.S.R. 
Academy of Science, Moscow, 'Photochemistry and spectroscopy of 
chlorophyll, bacteriochlorophyll and bacterioviridin in model systems 
and in photosynthesizing organisms') has studied the electron-donor-
pigment-electron acceptor systems in which the photosensitizing 
pigment transfers an electron from the donor to the acceptor by 
converting light energy absorbed by the pigment into the potential 
chemical energy of the products. Reactions of this type were followed 
in intact organisms ; in isolated chloroplasts, in pigment granules and 
in various model pigment systems. The dependence of the reaction on 
changes in the physical and chemical environment was also observed. 
The initial photoprocess was seen to involve the formation of free 
radicals with the subsequent formation of chemical compounds. In 



R A P P O R T E U R ' S R E P O R T 147 

order to understand this process better, the spectral properties of the 
pigments in whole organisms were compared with the spectral 
properties of extracted and pure pigments in monomeric and aggre-
gated forms. The types of the pigment-pigment interaction are 
determined by the physical-chemical properties of the chlorophyll 
molecule and its analogues; it was shown that in solid films and 
concentrated solutions of pigments the same kind of packing and 
spectral properties, that is, absorption spectra and low temperature 
( — i96°C liquid nitrogen) luminescence spectra are found, as in the 
in vivo organism. 

As the result of these different forms of aggregations, there are 
geometric changes in the chlorophyll to chlorophyll interaction. 
Therefore, all spectral shifts are due to pigment-pigment interaction. 
A comparatively weak interaction was found for the pigment-protein 
or pigment-lipids, which did not lead to 'large' spectral shifts. The 
most pronounced effects were found in studies of the green bacteria. 

J . A . S C H I F F , Y . B E N - S H A U L and H . T . E P S T E I N {Brandeis University, 
Department of Biology, Waltham, Massachusetts, ' Photocontrol of the 
development of fine structure by chloroplasts of Euglena') studied the 
structure of the algal flagellate, Euglena gracilis v. bacillaris, using 
the electron microscope. After prolonged growth in the dark, the organ-
ism was found to contain proplastids, approximately 1 μ in diameter 
without any internal fine structure. Upon light exposure, these pro-
plastids develop into plastids. The reverse process from the plastid to 
the proplastid condition was followed on dark-adaptation in dividing 
and not in non-dividing cells. 

Dividing cells, when dark-adapted, progressively lose their plastid 
fine structure. Initially, there are no free discs ; all are fused, approxi-
mately four at a time, into lamellae. After 24 h in the dark there is no 
change in the appearance of the plastids. After 48 h in the dark the 
lamellae have begun to come apart and to separate. After 72 h the 
separation of lamellae is almost complete. By 95 h the total number of 
internal membranes is reduced to a very small number, and after 144 h 
in the dark the plastids have returned to the proplastid form. Measure-
ments of chlorophyll-α concentration per cell during this process 
shows that the pigment is lost at a rate approximating 0-5 per genera-
tion. 

Estimates of the total number of discs per chloroplast (both free and 
in lamellae) indicate that there are about fifty-six discs at the incep-
tion of dark adaptation. The total number of discs is reduced by 
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approximately one-third per generation, until by eight generations 
(the end of the experiment) there are essentially none. 

The loss of the plastid structure and its return to the proplastid form 
in dividing cells, resembles the process of disc formation and fusion 
into lamellae, characteristic of normal plastid development, but at a 
slower rate and in reverse. 

After 24 h in the dark, under non-dividing conditions, there is 
essentially no change in chloroplast structure. This situation persists 
through the entire 144 h of dark adaptation. Thus, loss of internal 
chloroplast membranes is directly dependent on cell division. 

In non-dividing cells, however, there is a steady and progressive 
conversion of chlorophyll-α to pheophytin; by 144 h of dark adapta-
tion, more than 80 per cent of the chlorophyll-α is present as pheo-
phytin. The total pigment loss over this time in non-dividing cells is 
about 30 per cent. What is of interest, is that although 30 per cent of 
the total pigment has been degraded and 80 per cent of the remaining 
chlorophyll-α has been converted to pheophytin, the plastid structures 
appear normal. They suggest, then, that chlorophyll-α is not critical 
for the lamellar structure. 

The chloroplast lamellae, whether in algae or higher plants, are 
believed to be the site of the light reactions, and are associated with the 
electron transport reactions of photosynthesis. R . B . P A R K and 
J .BIGGINS [Radiation Laboratory, University of California, Berkeley, 
California, 'Some morphological and physical properties of chloro-
plast lamellar proteins') have extracted the lamellar lipids and studied 
the protein residue which accounts for 50 per cent of the lamellar 
substances. When viewed in the electron microscope, using negative 
staining techniques, the protein was found to be arranged in a network 
with a mesh size of less than 20 nm. The protein residue solubilized by 
low concentrations of detergent and then by sedimentation analysis 
and fractionation in the ultracentrifuge, shows that the solubilized 
protein contains cytochrome-£6 as well as several other components. 
The molecular weights of all these components under the conditions 
used was found to be less than 50,000. 

It appears, then, that the chlorophyll-containing membrane of the 
chloroplast consists of a gridwork of protein macro-units on about 
20 nm centres. These protein macro-units are sufficiently large to be 
the size of one photosynthetic electron transport chain and are made 
from about forty smaller proteins of molecular weight approximately 
25,000. 



R A P P O R T E U R ' S R E P O R T 1 4 9 

The physical behaviour of the lipid-free protein fraction of the 
membrane in the presence of detergent suggests the possibility of 
hydrophobic forces predominating in the structure of the membrane. 
The protein macro-units bind to one another in several patterns and 
form the structural basis for the 'quantasome', which they define as 
their functional photosynthetic unit. 

AGNES F . - D A N I E L and B . F A L U D I {Department of Phylogenetics and 
Genetics, Eötvös Lor and University, Budapest, Hungary, 'Charac-
teristics of the pigment-protein complex in normal and chloroplast 
mutant leaves ') separated free or loosely protein-bound pigments from 
leaves of higher plants by petroleum ether extraction. 

In the pigment-protein complex, two types of bondings were 
distinguished. The weaker bonding could be disrupted by heat 
denaturation (500 to 70 0 C). Heat denaturation effects about 40 per 
cent of carotenoid, 52 per cent of chlorophyll-α, and 34 per cent of 
chlorophyll-i contents. Chloroplast mutant leaves with abnormal 
carotenoid synthesis show characteristic differences in the stability of 
their pigment-protein complex. They conclude that the chlorophyll 
and carotenoid molecules are present in the chloroplasts in 
different physical states, which might represent different functional 
forms. 

In addition, the comparison of the free pigment content of barley 
leaves exhibiting normal and abnormal chloroplast structure, indicates 
that the stability of the complex in xantha-12 possessing thick lamellae 
is but slightly different from the normal one. The free pigment content 
of xantha-13 surpasses several-fold that of the normal leaves. This 
abnormality in the stability of the pigment-protein complex might be 
related to the lower photosynthetic productivity of mutant leaves as 
expressed on chlorophyll basis. The xantha-10 mutant does not 
synthesize chlorophyll and has also a labile carotenoid-protein 
complex. 

Therefore, their results indicate that, in the complex, the chloro-
phylls form a stronger bond than the carotenoids ; that chlorophyll-è 
binds to the proteins more strongly than chlorophyll-α; and that 
during chloroplast differentiation, the chlorophylls complex with the 
proteins faster than the carotenoids. 

A . G . T W E E T , W . D . B E L L A M Y and G . L . G A I N E S JR. {General Electric 
Research Laboratory, Schenectady, New York, 'Energy migration in 
monomolecular films containing Chlorophyll') have made quantitative 
studies on the mechanism of energy migration in monomolecular films 
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containing chlorophyll, using the techniques of fluorescence quench-
ing. Chlorophyll and its non-fluorescent derivative, copper pheophy-
tin, were dispersed to a known average concentration in monolayers of 
oleyl alcohol. The monolayers were spread on an aqueous subphase 
and were studied in situ. A number of precautions were found necessary 
to ensure no degradation in the porphyrin molecules. The fluorescence 
of the chlorophyll in the monolayer was excited by a mercury lamp and 
detected with a photomultiplier. The fluorescent yield was measured 
as a function of the concentration of copper pheophytin. They claim 
that their results are consistent with the Förster mechanism of energy 
transfer from the excited chlorophyll molecules to the non-fluorescent 
quencher. When interpreted according to the Förster mechanism, the 
quantitative measurements give a range of 4 ± 0-4 nm for the interac-
tion. The range can also be calculated theoretically, using the emission 
spectrum of the chlorophyll, which they have measured, and the 
absorption spectrum of the copper pheophytin. 

Further, fluorescence and absorption spectra of concentrated and 
diluted (in oleyl alcohol) chlorophyll films show measurable shifts in 
both absorption and emission spectra. This demonstrates that 
pigment-pigment interactions are detectable in monolayers with high 
chlorophyll concentrations. 

H . W . S I E G E L M A N , W . L . B U T L E R and M ILLER, U.S. Department of 
Agriculture, Beltsville, Maryland, 'Denaturation of phytochrome') 
have studied the plant morphogenic pigment, phytochrome ( P ) , a 
pigment-protein, which is a completely reversible system with 
possible analogies to the visual process, and which exists in the 
following form : 

670 NM 
P R P FR 

725 NM 

The absorption spectra of both forms of phytochrome P R and P F R 

depend upon the interaction between the pigment (chromophore) and 
the protein to which it is attached. The pigment has not yet been 
chemically identified. Denaturation of phytochrome can be specifically 
examined by measuring absorbancy changes of the long wavelength 
maxima of the two forms of phytochrome. Studies on the denaturation 
of this system, for example with urea, trypsin and other compounds, 
show that the P F R form of the pigment is more susceptible to de-
naturation than the P R form. This differential susceptibility of the two 
forms of phytochrome indicates that a structural protein change 
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accompanies the phototransformation. The P F R form apparently has a 
more 4open' structure, and is thus more susceptible to attack by 
dénaturants. Sulphydryl reactive agents suggest that sulphydryl 
groups are needed to maintain a required protein structure for the 
pigment to exhibit its photoproperties. Therefore, it is suggested that 
the light-induced interconversions between P R and P F R involve protein 
structural changes. 

Finally, we can turn to the visual photoreceptors, the outer segments 
of the retinal rods and the studies of G . F A L K and P . F A T T (Biophysics 
Department, University of London, England, ' Components of photo-
conductive change in rod outer segments ,). The impedance changes 
produced in packed suspensions of frog rod outer segments by light 
were investigated using a specially constructed conductivity cell. It 
was found that in 20 per cent sucrose with 5 to 200 mM NaCl, light 
effects a conductance increase, which is resolvable into two components 
by the frequency of a.c. used in the measurement. One component 
(AG of the admittance change AY = AG+jAB) is a constant with 
frequency, apparently extending to d.c. Above 5 kc/s a second com-
ponent of conductance increase adds to the first. The first component 
varies proportionally with the conductivity of the medium, whereas 
the second is nearly independent of ionic composition. Both com-
ponents develop rapidly and are irreversible. These components can 
also be separated by chemical treatment, for example, o*i M hydroxyl-
amine (which traps retinene to form a retinene-oxime) abolishes the 
second component only. It is presumed that the complete response is 
due to conductive changes by two separate pathways. The first 
component involves an alteration in the passage of ions through the 
rods. The second component may not involve ionic currents, but rather 
be electronic in origin, the series capacitance responsible for its 
frequency dependence being that expected to occur between the 
ionically conducting medium and an electronic conductor within the 
rods. 


