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In reply to a question regarding how three receptors fitted in with 
Land's theory of colour vision, Prof. W A L D said that human colour 
vision, depending on three independent variables,' whatever they may 
be ' according to Maxwell, was a central point. Prof. HURVICH 

emphasized that Helmholtz himself had stressed the tri-variability of 
Hering's system. In reply to Miss JAMESON, Prof. W A L D distinguished 
his own from STILES ' measurements. W A L D ' S criterion was photo-
chemical, whereas STILES ' was of isolated receptor types. STILES 

studied brightness discrimination wherein the first criterion is 
physiological: this is the homogeneity of the incremental function; it 
singles out receptors. Secondly, there is the 'displacement rule', 
which assumes the constancy of the shape of the incremental function. 
This is a photochemical criterion. In Prof. WALD'S view, only STILES' 

TTγ mechanism represents the isolation of a pigment. π4 and π5 must, 
however, represent mixtures of pigments as they do not obey the 
displacement rule. One of WALD'S slides would, if shown, have 
demonstrated that STILES' π5 'is exactly the envelope' of WALD'S 

green- and red-sensitive pigments. WALD'S sensitivity curves were 
very close not only to the data of P I T T but also to those of K Ö N I G , and, 
in reply to further questions by Prof. HURVICH , he said he had no 
doubt but that the new data would correlate satisfactorily with the 
CIE colour mixture functions. 

Mme. F A L U D I - D A N I E L said that in determining the equilibrium 
constants of chlorophyll-protein and carotenoid-protein complexes 
she and her collaborator could deduce the existence of three different 
fractions. First, there was the loosely bound or virtually free com-
ponent which consists of 5 per cent chlorophyll and 35 per cent 
carotenoid. Secondly, in the thermolabile fraction, there were 45 per 
cent chlorophyll, and 45 per cent carotenoid. Lastly, the strongly 
bound fraction contained 50 per cent chlorophyll and 20 per cent 
carotenoid. Previous workers visualized the protein pigment interface 
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to be packed in one layer, with chlorophylls and carotenoids in equal 
proportions. On the basis of the new data, the three components are 
also layered with the first component most remote from the protein, 
arranged in unorientated carotenoid molecules. The thermo-labile 
layer contained the two components in an equimolecular ratio. The 
outermost fraction is bound by single hydrogen bonds; the second 
fraction by co-operative and heterelogous hydrogen bonds. Nothing 
can be stated about the tightly-bound forces. 

Dr F A T T outlined the problem of visual excitation and showed why 
impedance measurements on rod outer segments were of interest. A 
single quantum could trigger an outer segment, which he described. 
The metabolic energy in the inner segment was available but geo-
metrically separated from the locus of absorption of light. One 
possibility was that the absorbing molecule might be electrically 
excited and then stray down to the inner segment, where amplification 
of energy might occur. Drs FALK and F A T T used an a.c. bridge to 
measure the impedance of masses of rods between 15 c/s to 1-5 Mc/s, 
and watched the effect of light on the impedance. The change in 
conductance with frequency was measured for two concentrations of 
NaCl, and at low frequencies, the conductance change varied with the 
conductance of the suspending medium. But above 5 kc/s the con-
ductance change increased independently of the medium, and the 
curve turned out to be sigmoid. This conductance change may be due 
to pigment molecule diffusion. Calculation of mobility shows it to be 
i o ~ 4 cm 2/V-sec; this is low for ordinary semiconductors, but reason-
able for organic molecules. 

Dr FULLER thought Dr W O L K E N had presented his material better 
than he could have done himself. Commenting on the variability of 
the far red absorption spectrum of bacterial chlorophyll, he said that 
their own work showed light intensity to affect the shape of the 
spectrum : high intensity favoured fine structure. The effect of growth 
on C O 2 and thiosulphate as a reducing agent shows similar qualitative 
changes with light intensity. Measurements have also been made of 
the phospholipid concentrations accompanying these changes: the 
protein remains constant. He showed (for the first time) a slide of a 
completely membranous bacterial cell with a double-membrane 
system. Summarizing he said that the far end of the absorption 
spectrum depended on cellular metabolic processes, as governed by 
light intensity. 

Dr KRASNOVSKI illustrated the idea that pigment-pigment inter-
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action underlies the spectral properties of chlorophyll and analogues 
in organisms. He compared the luminescence spectra of green sulphur 
bacteria (at different temperatures), pure bacterial viridin and bacterio-
chlorophyll in rhodopsendomonas. The variation with temperature 
depended on the aggregation of the films used. The mechanism also 
appears during greening of etiolated leaves. The luminescence 
absorption maximum increases with the accumulation of chlorophyll. 
The idea of pigment-pigment interaction does not, however, exclude 
interaction between pigments and proteins or lipids, but these do not 
yield such spectral changes. The geometry of packing was unknown 
but believed to be relevant. 

D R KRONENBERG examined the reason for the difference between 
his and Prof. WASSINK'S data on the growth of the photosynthetic 
bacterium Chromatium, strain D on diphenylamine (DPA) and those 
obtained by Prof. FULLER and his collaborators. In KRONENBERG'S 

experiments the shape of the near infra-red absorption spectrum of 
Chromatium, deficient in carotenoid, and grown on DPA, is similar to 
that of normal Chromatium except that the shoulder at 890 nm is 
reduced. Prof. FULLER suggested that this was due to an admixture in 
the Dutch Chromatium culture, which may have been due to a type of 
Rhodopsendomonas. However, re-isolation was undertaken of a pure 
Chromatium culture from the mixed culture, and other experiments 
done with different cultures, all listed Chromatium strain D . More-
over, DPA was used in different concentrations and under normal and 
low light intensities, and these showed the same result as before, that 
is, no changes in the near infra-red except a slightly lower shoulder at 
890 nm. Prof. FULLER now concurs, and one may suggest that the shape 
of the Chromatium absorption spectrum in the near infra-red is 
unlikely to be caused by the interaction between bacteriochlorophyll 
and carotenoid molecules. 

Dr PARK dealt with the structure of chloroplasts, a double-mem-
brane structure. The lamellae frequently revealed details in structure. 
The membrane (from a spinach lamella) consists of 10 per cent 
chlorophyll, and half protein, half lipid. Short days and temperature 
were important. Where was the lipid located in relation to the protein ? 
Selective extraction of lipids revealed that the membranes are globular 
and that the lipid is probably wrapped around the proteins, filling up 
the interstices. Protein can also be solubilized to about 80-90 per cent 
in the presence of some detergent and can then be studied by means of 
the ultracentrifuge: the highly heterogeneous proteins dissociate at 
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low concentrations, that is the solubilized material is 30,000-50,000 in 
molecular weight. Membranes cannot, therefore, be considered any 
longer as Danielli pictured them: they are probably more complicated 
and exciting. 

Dr SCHIFF said that he and his colleagues were interested in the 
return of the chloroplast to the proplastic condition. Euglena cells with 
completely developed chloroplasts were placed in the dark, and it was 
found that it mattered a great deal whether the cells were dividing or 
not. Although chlorophyll is lost at the rate of 50 per cent per genera-
tion, the number of discs in the chloroplast is reduced by only 30 per 
cent per generation, which means that chloroplast membrane produc-
tion must proceed at a slow rate in the dark, even though chlorophyll 
production is shut off completely. But, in non-dividing conditions, 
the lamellar structure is virtually intact and the number is the same as 
at the start. Moreover, 80 per cent of the pigment is left at the end, 
although it loses its magnesium. Dr SCHIFF concluded with pertinent 
ecological observations. 

Dr SIEGELM AN showed the best absorption spectrum in his posses-
sion for phytochrome, the change in the spectrum being completely 
reversible. Addition of urea to the pigment in the PR form produced 
little change in spectral absorption, but the PFR form was susceptible 
to denaturing agents, especially after some 15 min. 

Dr OLSON said that the mutants of Bishop had been examined with 
regard to their ability to show oriented chlorophyll ( ?) or non-oriented 
chlorophyll ( ?). No. 8 shows it and this indicates that the far red 
chlorophyll is the non-oriented type. He discoursed also on the 
function of the dichroic ratio as a function of wavelength. The 680 
chlorophyll is aggregated if not oriented. 

Prof. WASSINK commented on pigment-protein complexes in 
Chromatium. Apart from the effect of light intensity on the relative 
proportion of 800 and 850 maxima, first reported from his laboratory 
in 1939, he mentioned further differences between the two peaks, 
viz. a greater sensitivity to light and oxygen of the 850 peak, and a 
greater sensitivity of the 850 peak to organic solvents. He thought this 
pointed perhaps to some closer relation with solvents. He was surprised 
that Prof. FULLER found the higher liquid content of the cells connected 
with low light intensity at which less '850' is formed. This dis-
crepancy will have to be resolved. 

He also asked Prof. KRASNOVSKI what type of experiment proved 
that the relation protein-chlorophyll is unimportant for spectral 
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shifts ? Dr KRASNOVSKI pointed to the constancy of absorption spectra 
following heating the bacteria or treating them with proteolytic 
substances. Consequently, only interaction between pigment mole-
cules seemed to be important. 

Dr BRIDGES was struck by the action of hydroxylamine upon the 
component of conductive change attributed by Drs FALK and F A T T to 
electronic effects. The most obvious action of N H 2 O H is to combine 
with retinaldehyde—but this latter is the last product in the long chain 
of reactions illustrated so well by Prof. W A L D . There is every reason to 
believe that the visual impulse has been generated very early on in this 
chain. One other action of N H 2 O H , however, is that at room tempera-
ture in solutions of visual pigments or suspensions of photoreceptors, 
it accelerates the breakdown of photoproducts such as metarhodopsin. 
Did Dr F A T T think that the effect of N H 2 O H is somehow tied up with 
this ? Orange photoproducts are much more stable in suspensions and 
in solutions at alkaline pH. Has he investigated the action of pH ? 

Dr F A T T said they had not tried different pH's with N H 2 O H . The 
interest in N H 2 O H for them was that it abolishes the second com-
ponent which they attribute to electron migration. The response that 
they record in both components develops within about 3 m-sec. They 
were not dealing with an ordinary photoconductor. This shows that 
chemical reactions must occur before the electron (requisite for 
excitation) becomes available. The sort of chemical reactions one can 
guess at {pace Prof. W A L D ) are that rhodopsin (disulphide) and 
proteinated amines might lead to reduction by light, forming SH 
groups. Two positive holes so appear, which can drift through the 
semiconductor. 


