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Fig. 3. Efflux of rubidium absorbed by
Chlorella from 0.2 and 10 mM RbCIL
Chlorella cells (500 mg dry weight equiv-
alent) were allowed to absorb from **RbCl
for 4 hours under light and were then
transferred to 1 liter of unlabeled RbCl of
equimolar concentrations. Samples were
drawn at different times to measure the ra-
dioactivity retained in the cells.

RbCI, even at 3 hours (Fig. 3). Res-
piration of Chlorella is significantly en-
hanced by 10 and 30 mM RbCI (Table
2).

A dual isotherm for the absorption of
a given ion points to two transport sys-
tems and raises the question of the lo-
cation of each system, whether they
operate in parallel at the same mem-
brane or function consecutively across
the plasmalemma and tonoplast. The
evidence in support of the sequential
transport through the two membranes is
derived mainly from the absorption iso-
therms of nonvacuolate root tips and
vacuolated segments of corn roots (13).
Nonetheless, it has been admitted that
the distinctions made on this basis can-
not be absolute since the subapical cells
differ from the apical ones for reasons
other than vacuolation. Furthermore,
the conclusion that the compartments
into which the ions move are subcellu-
lar in origin is drawn from the kinetic
analysis of ion absorption by multicellu-
lar systems (3, 13), which consist of cells
differing morphologically and physio-
logically between themselves. The uni-
cellular alga. C. pyrenoidosa is nonvacu-
olate (9) and hence devoid of an inner
tonoplast membrane. The mechanisms
for the dual pattern of rubidium ab-
sorption observed in this system there-
fore must reside in the plasmalemma.
Chloroplasts are known to accumulate
ions. However, these are functionally
and anatomically different from the
vacuoles. The occurrence of a dual pat-
tern of absorption by Chlorella cells in
the dark is evidence that the chloro-
plast is not implicated in the two ion-
absorption mechanisms.

It has been contended that ions at
high concentrations readily negotiate
the plasmalemma by diffusion (2). How-
ever, sensitivity to metabolic inhibitors
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and nonexchangeability of the ion
clearly support the view that the uptake,
in the low and high concentration
ranges, is energy-dependent. The energy
for the operation of dual mechanisms
in both the light and the dark (Figs.
1 and 2) is presumably derived from
photosynthesis and respiration. The
implication of respiration with rubidium
absorption in the high concentration
range (Table 2), which has been ob-
served in higher plants (salt respira-
tion) (14, 15), suggests that ion ab-
sorption by the second mechanism is
not diffusive.

SESHADRI KANNAN
Biology Division, Bhabha Atomic
Research Centre, Bombay 85, India
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Receptive Field Organization of Units in the

First Optic Ganglion of Diptera

Abstract. Centripetal spike potentials were recorded from two classes of units
(transient and sustained) in the intermediate chiasma of flies. On-off units were
characterized by a transient discharge after the onset and cessation of a light
spot presented within its elliptical receptive field. Receptive fields of sustaining
units were composed of three roughly circular regions arranged adjacently along
a line; stimulation of the center region elicited a sustained discharge, whereas
stimulation of either adjacent region elicited an off discharge. Adjacent regions
antagonized the central region, for stimulation of either inhibited the discharge
resulting from stimulation of the central region.

The retina and first optic ganglion
of flies have highly ordered structures.
The retina is comprised of an array of
several thousand ommatidia, each con-
sisting of eight retinular cells; the first
optic ganglion is composed of a cor-
responding array of synaptic compart-
ments, called cartridges, each contain-
ing endings of six retinular cell axons
and several second-order neurons (I,
2). Within each cartridge numerous
synaptic contacts are made between
the six retinular cell axons and two
second-order neurons (type I mono-
polar cells) which send their axons to
the second optic ganglion (2). Further-
more, the presence of elements con-
ceivably capable of supporting inter-
action between neighboring cartridge
elements (2—4) suggests that more
than simple summation may occur
within the first optic ganglion. Although
slow potentials (5, 6) have been re-
corded from the cartridge region of
flies, the fact that no spike potential
has ever been observed raises the
question of how neural signals are
transmitted to the second optic gan-
glion. Experiments were performed
which show that, indeed, spike poten-

tials are carried by fibers en route to
the second optic ganglion. Two types
of fibers were identified whose - spatial
and temporal characteristics of dis-
charge indicated complex integration
mechanisms.

Several species of flies, principally
Phaenicia sericata, were studied, and
no species differences were observed.
A specimen was prepared for an ex-
periment by removal of a small trian-
gular flap of exoskeleton from the
posterior surface of the head capsule,
which exposed one optic lobe. The
preparation was placed at the center
of a reflecting sphere (2 m in diameter)
upon which stimulus patterns were
projected. Tungsten microelectrodes
(noise level 20 uv, peak-to-peak) were
placed in the intermediate chiasma,
and centripetal discharges representing
two distinctly different classes of units
were recorded (7).

One type is an on-off unit which
responds to a diffuse light pulse with
a transient discharge following the
onset and cessation of stimulation. The
other type is a sustaining unit which
is quiescent in the dark, as is the on-
off unit, but a diffuse light pulse elicits
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Fig. 1. Receptive field organization of the on-off and sustaining units. The three records
of simultaneously recorded on-off and sustaining units correspond to different location
of the 1.5° stimulus spot (dark spots) and characterize the receptive field organization
of both units. Whereas the on-oftf unit responds in a transient fashion (on-off) regard-
less of the stimulus location within the receptive field, the sustaining unit responds with
a maintained discharge upon stimulation of the on region and with a pure off discharge
upon stimulation of either adjacent off region. In this case the receptive fields of both
units were coincident and are schematically represented by the dashed (on-off unit) and

solid (sustaining unit) lines.

an on discharge which slowly adapts
to a steady rate dependent upon the
light intensity. Frequently a unit of
each type is recorded simultaneously
with one electrode (Fig. 1), and in all
cases the amplitude of the spike
potential of the on-off unit exceeds
that of the sustaining unit. Although
102 on-off and 74 sustaining units were
studied, the relative number of ecach
type does not reflect their true propor-
tion, for on-off units were easier to
observe and isolate. Another property
which differentiates the two units is the
threshold, for the sustaining unit is, on
the average, 1.3 log units more sensi-
tive to a small spot of light placed at
its receptive field center.

The receptive field configuration of
each unit was investigated by the pres-
entation of a 1.5° light spot at each
point of a 7 by 11 grid having a 1.5°

Fig. 2. Inhibitory influence exerted through
the off regions of the sustaining unit. Post-
stimulus time histograms A and B repre-
sent the average discharge behavior result-
ing from stimulation of the on region (spot
1) and off region (spot 2), respectively.
Note that some discharge occurred during
the presentation of spot 2 and was pre-
sumably due to scattered light. Histogram
C represents the average discharge behav-
ior when both regions are stimulated in
the temporal order indicated and reveals
the inhibition resulting from stimulation
of the off region. The histograms weie
computed from 12 trials, and the bir
width was 4 msec. Both spots were 1.5°,
and spot 2 was 0.9 log unit more intense.
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spacing between grid points. Three rep-
resentative records of the 77 taken
during a typical experiment in mapping
the receptive field are shown in Fig. 1.

Off region On region  Off region
Spot 1 —/ : Spot 2\
A 100 spikes
per second

0.2 second

Spot 1 .
B
Spot 2
C
———— Spot 1
Spot 2

An on-off and a sustaining unit were
recorded simultaneously; the dark spots
represent the approximate size and
location of the three stimuli relative to
the schematized outlines for the recep-
tive fields (8) of both units. The on-
off unit has an elliptical receptive field
with average half-sensitivity angles (9)
of 5.5° and 4.2° along the major and
minor axes, respectively. Furthermore,
the orientation of the major axis for
all on-off units studied corresponds to
the mediolateral axis (10) of the eye.
The receptive field is homogeneous in
that the discharge rate and not the dis-
charge pattern is dependent upon the
stimulus location.

In contrast, the receptive field of the
sustaining unit is not homogeneous

_but, instead, consists of three func-

tionally distinguishable regions each
being roughly circular and arranged
adjacently along a mediolateral axis
line. Stimulation of the center on region
elicits a sustained discharge charac-
teristic of stimulation with diffuse light
(Fig. 1); however, stimulation of
cither adjacent region elicits an off
discharge. Consequently, the sustaining
unit also possesses an elliptical recep-
tive field which, like that of the on-off
unit, is always oriented with its major
axis roughly along the mediolateral
axis of the eye. The average half-sen-
sitivity angles of the on region along
the major and minor axes are 2.4° and
2.7°, respectively, which compares
favorably with the 3° average half-
sensitivity angle for retinular cells in
the frontal part of the eye (11).

On the basis of the discharge pat-
terns evoked by stimulating the on and
the off regions and on the basis of the
pinched appearance of the on region
along the major axis (/2), antagonism
between the on and off regions was
suspected. Experiments were performed
to test this possibility by the simul-
taneous presentation of 1.5° light
spots to both the on and off regions.
In Fig. 2 poststimulus time histograms
A and B represent the average discharge
elicited by stimulation of the on region
(spot 1) and off region (spot 2),
respectively; poststimulus time histo-
gram C is the average discharge be-
havior when both stimuli are presented
in the temporal order indicated. The
inhibitory influence of stimulation of
the off region is readily apparent,
and both off regions are equally effec-
tive. However, to reveal such signifi-
cant antagonism as this, it is neces-
sary to make the intensity of spot 2 as
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much as 1 log unit greater than spot 1.

The sizes of receptive fields of both
units reveal that they integrate the
activity of several cartridges and that
they do so more extensively along the
mediolateral axis of the eye. However,
the complex temporal characteristics of
both units indicate that more than
simple summation of the retinular cell
signals occurs in the first optic
ganglion, The spatial and temporal
characteristics of the discharge of the
sustaining unit suggest that the sus-
tained discharge reflects the excitatory
influence of the retinular cells con-
verging on a single cartridge while the
off discharge reflects a rebound from
inhibition (Z3) resulting from the ex-
citation of neighboring cartridges along
the mediolateral axis. The discharge
characteristics of the on-off unit are
not so easily explained. The receptive
field organization of sustaining units
is similar to that of eccentric cells in
Limulus and of certain retinal ganglion
cells (on center) in the vertebrate eye,
for, like both, lateral inhibition can be
demonstrated and antagonistic dis-
charge (off) can be elicited by
stimulation of the surround region of
the receptive field (I4). However, in
contrast to the concentric receptive
field organization of the eccentric and
retinal ganglion cells that of the sus-
taining unit is not circularly symmetric.

The existence of centripetal dis-
charges in the intermediate chiasma
establishes that spike potentials are a
mode of neural communication be-
tween the first and second optic
ganglia; however, only two different
types of units have been identified on
the basis of their discharge behavior to
various stimuli (spatial, temporal,
spectral, polarization) (15), and at
least six centripetal fibers, associated
with each cartridge, have been iden-
tified anatomically (4, 16). It would
appear that either the units unaccounted
for do not support impulse traffic, or
they do and their discharge behaviors
are either not sufficiently different from
those of the on-off and sustaining units
as to be distinguished with the types
of stimuli available or their signals
cannot be observed with the techniques
used. The anatomical study of Trujillo-
Cenéz (I6) revealed two large fibers
(3 to 4 um) associated with each of
the many bundles of fibers comprising
the intermediate chiasma, and these
fibers correspond to the axons of the
type I monopolar cells of each cart-
ridge. It is, therefore, possible that one
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large fiber of each pair is responsible
for the on-off discharge while the other
mediates the sustained discharge; how-
ever, it is difficult to account for the
disparity in spike size between the two
types of units. Furthermore, Autrum
et al. (6) have recently recorded hyper-
polarizing slow potentials without
evidence of spikes from neurons in the
first optic ganglion which they believe
are monopolar cells. These observa-
tions are difficult to reconcile unless the
micropipette renders the cell incapable
of spike generation or unless spikes do
not invade the cell body. The situation
is further complicated by a recent re-
port by Strausfeld and Braitenberg
(4) that a type II monopolar cell as-
sociated with each cartridge sends col-
laterals to adjacent cartridges along
the +Y and —X axes where they
terminate on one of the type I mono-
polar cell processes, for the axis of
interaction implied by this anatomical
observation is roughly perpendicular to
the axis of interaction manifested by
the elliptical receptive fields of the on-
off and sustaining units. Although the
functional and structural correlates of
the first optic ganglion remain un-
settled, it is clear that profound trans-
formations are made on the retinular
cell signals.

DaviD W. ARNETT
Division of Applied Science,
California Institute of
Technology, Pasadena 91109
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Decrease after Chemical Sympathectomy

Abstract. Dopamine-B-hydroxylase is an enzyme that is localized to catechola-
mine-containing vesicles in sympathetic nerves and the adrenal medulla, and is
also found in the serum. Treatment of rats with 6-hydroxydopamine, a drug
which destroys sympathetic nerve terminals, leads to a decrease in serum dopa-
mine-B3-hydroxylase activity. The decrease is not due to an effect on the adrenal
medulla or to an increase in circulating inhibitor or inhibitors of enzyme. These
data represent evidence that at least a portion of the circulating dopamine-3-
hydroxylase activity arises from sympathetic nerve terminals.

Dopamine-B-hydroxylase (DBH), the localized to the éhromafﬁn granules in
the adrenal medulla (2) and to the
catecholamine-containing vesicles in

enzyme that catalyzes the conversion

of dopamine to norepinephrine (7), is
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