Opponent Color Responses in
Retinal Ganglion Cells

Abstract. The receptive fields of certain
ganglion cells in the goldfish retina have
been mapped. These fields are “off” center,
“on-off”” intermediate, and “on” periphery
types. The excitatory process controlling
the “on” response is stimulated maximally
by green light; the “off” response process,
inhibitory in nature, is stimulated maxi-
mally by red light. The two processes can
be light adapted independently.

We have recorded the elecrophysio-
logical responses to monochromatic illu-
mination of one type of ganglion cell in
the retina of the goldfish. These cells
give “on-off” type responses similar to
those found in other vertebrate retinas
when illuminated (7). Figure 1 is a plot
of the intensities necessary to evoke a
threshold response at “on” and at “off”
for various wavelengths of the stimulat-
ing light. For the particular cell shown,
“on” thresholds could be obtained from
about 425 to about 600 my but not at
longer wavelengths. “Off” thresholds
were obtained from about 530 to about
750 mp. These thresholds seem to de-
fine two separate but overlapping spec-
tral luminosity functions, one associated
with the “on” response, the other with
the “off” discharge. In the region of
overlap of the two functions an increase
in the stimulus intensity above that of
the “off” threshold diminishes or
abolishes the “on” response. Reillumina-
tion at any wavelength above the “off”
threshold tends to inhibit any “off”
discharge following a previous stimu-
lation.

The “on” and “off” processes could
be light adapted separately. Adaptation
to a steady background of red light
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Fig. 1. Intensity necessary to elicit va-
rious types of threshold responses from
a single ganglion cell at different wave-
lengths. Each point is an average of four
determinations at that wavelength. The
duration of the stimulus was 1.0 sec; 0
log units = 5.5 X 10 uwatt/cm® for all
wavelengths. Stimulus diameter, 5 mm.
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Fig. 2. Receptive field of a single gang-
lion cell. Central clear area indicates re-
gion where only “off” responses were
found. Hatched area indicates region
where “on-off” type responses were found.
“On” responses were found only in
peripheral area indicated by solid black.
Test stimulus was 153 u in diameter, wave-
length 600 mg, intensity 18 pwatt/cm?
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raised the threshold of the “off” re-
sponse, but the threshold of the “on”
response was slightly lowered. A blue
adapting light made the “on” process
less sensitive and the “off” process more
sensitive.

Most of the ganglion cells studied had
their “on” maxima at about 525 mp
and their “off” maxima at about 620
my, which suggests that this kind of cell
may be connected to both porphyropsin
and cyanopsin systems (2).

Figure 2 is a plot of the response pat-
terns observed when the receptive field
was explored with a small spot of 550
my wavelength. The “off” center, “on”
periphery character is evident.

The two antagonistic processes may
indicate the presence of a Hering type
opponent color mechanism in the gold-
fish retina which is encoded not only in
terms of wavelength but also spatially in
terms of the receptive fields of the gang-
lion cells (3).
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Chlorophyll-Sensitized
Photoreduction in the
Thionine-Ferrous System

Abstract. The reduction of thionine in
aqueous solution to leucothionine by fer-
rous ions in light can be sensitized by
chlorophyll in the colloidal state, as ob-
tained by diluting alcoholic solution with
water.

The ability of chlorophyll in the
molecularly dispersed state to catalyze
various oxidation-reduction reactions
is well known (7/-3). Recently some
evidence was found of a similar ability
of chlorophyll in colloidal solutions,
prepared by dilution with water of
solutions of chlorophyll in alcohol,
pyridine, or acetone (4).

We have studied the photochemical
behavior of the thionine-ferrous iron
system in aqueous solution (see 2, 5)
and have found that, in the presence
of colloidally dispersed chlorophyll,
reversible photoreduction of thionine
can be produced in red light absorbed
only by chlorophyll (A > 650 my).

The ferrous sulfate (analytical re-
agent grade) was used without further
purification; thionine (biological stain
of the National Aniline and Chemical
Co., Inc.) was purified by repeated
recrystallization. Chlorophyll (a or b)
was prepared from fresh spinach by the
method of Zscheile and Comar (6).
The purity of the chlorophyll and of
the thionine was checked by chromatog-
raphy and spectroscopy.

A fresh aqueous solution of thionine
(~5 X 107°M), containing ferrous iron
(~10°M), was placed in the main,
square optical cell (1 cm®), while a
fresh ethanolic solution of chlorophyll
was placed in a side tube, connected to
the main cell by a closed capillary. To
remove oxygen, both solutions were
pumped out on a high-vacuum line; the
residual oxygen pressure was < 107°
mm-Hg.

The thionine-Fe** cell, immersed in
a thermostat, was first illuminated in
the absence of chlorophyll, by a 1000-
watt incandescent lamp, through a glass
filter cutting off infrared radiation, and
a red interference filter (Amax = 6455 A).
A Dbattery-operated ribbon filament
lamp (6 volts, 18 amp), focused first
on the sample and then on the en-
trance slit of a Farrand monochroma-
tor, provided the scanning beam. Its
intensity was reduced by a variable
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