GT-48 strain cultured on artificial medi-
um and then cloned was also highly le-
thal to suckling rats but produced no
cataracts in the survivors (/8) receiving
cultures diluted from 1072 to 107°.

We confirmed the association between
spiroplasmas and the classical pathoge-
nicity in animals by recovering orga-
nisms from infected tissues and demon-
strating that the recovered organisms
were serologically related to, or identical
with, those employed in challenge.
Twenty-nine rats exhibiting cataracts
were autopsied 3 to 4 weeks after intra-
cerebral challenge with cultured SMCA
(30th passage in media). Brain and eye
tissue pools were cultured separately in
SP-4 medium. Ten rats that had received
uninoculated culture medium intra-
cerebrally were examined in the same
way. Spiroplasmas were recovered from
the brain and eye pool of all infected
rats, but never from control rat tissues.
At least ten isolates, recovered from the
eye and brain, were examined in the de-
formation test and shown to be serologi-
cally indistinguishable from SMCA.
Thus, our pathogenicity experiments es-
tablish that both cultured and cloned
SMCA and GT-48 spiroplasmas are able
to induce disease manifestations typical
of those initially described (10), and that
recoverable organisms indistinguishable
from the challenge organisms persist in
the tissues of affected rodents.

The natural reservoir of SMCA spiro-
plasmas is unknown. However, the re-
covery of two isolates from rabbit ticks
(10), the reported recovery of a third,
possibly similar, organism from the same
tick species (19), and the demonstrated
persistence of the agent in animal tis-
sues suggest that SMCA might be main-
tained in a tick-vertebrate cycle in na-
ture. Certainly, an affinity for arthropods
is at present a common link for all known
spiroplasmas.

The ability of SMCA to multiply over
a higher temperature range (30° to 37°C)
distinguishes it from all known plant and
insect spiroplasmas, which have an opti-
mal temperature range of 25° to 32°C and
fail to grow at temperatures above 34°C.
Our observation that SMCA could be iso-
lated only on a specially formulated me-
dium explains previous failures to culti-
vate the agent. The inability of a variety
of standard artificial media and cell cul-
tures to support growth of SMCA pro-
vides a strong indication that other unrec-
ognized mycoplasmas, including perhaps
human or animal pathogens, await dis-
covery. Thus, these organisms represent
a new class of microbial agent, incapable
of being cultured on the usual laboratory
medium and undetected by current se-
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Fig. 2. Rat, 25 days old, with severe bilateral
cataracts following intracerebral inoculation
as newborn (24 hours) with cloned SMCA
passaged 26 times on artificial medium.

rological procedures, yet possessing the
ability to provoke disease in vertebrates
and to persist for prolonged periods in
host tissue. We believe a continued
search for the agent in human and arthro-
pod hosts, and for development of infor-
mation on their possible role in human
diseases of unknown etiology would
seem worthwhile.
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Vision in Insects: Pathways Possibly Underlying

Neural Adaptation and Lateral Inhibition

Abstract. Like horizontal cells in vertebrate retinas, horizontal amacrine cells be-
neath the insect eye intervene between receptors and interneurons at the first level of
synapses. Synaptic arrangements between amacrines and interneurons that give rise
to regular networks of axon collaterals may explain recent electrophysiological ob-
servations of lateral inhibition beneath the insect retina. Neural adaptation mecha-
nisms acting on single retinotopic channels or assemblies of channels can also be
referred to reciprocal relationships between receptors and first-order interneurons as
well as to centrifugal cells from levels of so-called photopic receptor endings.

In arthropods, lateral inhibition and
neural adaptation mechanisms have been
observed at the level of visual receptors
or their endings. In Limulus, contrast en-
hancement has been proposed to be me-
diated by pathways between ommatidia
(I, 2), and, in insects, lateral inhibitory

processes have been referred to axon col-
laterals of peripheral neurons in the la-
mina’s external plexiform layer (EPL)
(3, 4). Also, recordings from EPL-de-
rived interneurons revealed light adapta-
tion phenomena which are similar to
those in their possible vertebrate ana-
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logs, the bipolar cells (5). However, un-
like investigators of the vertebrate reti-
nas, insect visual physiologists have not
had recourse to information about the
whole spectrum of cell types and synap-
tic connections in the arthropod EPL.

We have used combined Golgi impreg-
nations and electron microscopy of the
EPL of the dipteran Musca domestica.
Our previous studies resolved synaptic
relationships between some centripetal
cells and receptors and clarified con-
troversies about the presence of anaxon-
al neurons at this peripheral level (6-8).
However, only recently do we have
knowledge about the dispositions and
connectivities of neurons that provide in-
formation about the most feasible path-
ways for adaptation and lateral inhibi-
tion.

The cell components of the EPL (6)
may be simply summarized; the descrip-
tion from the neural superposition eye of
Musca can then be analogized to EPL’s

CE

A B

of diurnal apposition and superposition
eyes of other insect orders (9). In flies,
each retinotopic column (‘‘optic car-
tridge’”) consists of a set of six short re-
ceptor endings (R1 to R6) derived from
an asymmetric rhomboidal pattern dis-
tributed among six ommatidia (10, 11).
The projections to a single cartridge
share the same optical alignment, and
the cyclic geometrical relationships of
R1 through R6 endings is invariant
across the planar neuropil (10). Golgi-
electron microscope studies show EPL
interneurons to have characteristic geo-
metrical relationships to receptor plac-
ings (6, 12). Thus, morphological sam-
pling of one cartridge is representative of
any other.

There are 12 classes of neurons in the
lamina, which are summarized in Fig. 1.
Each is represented in every cartridge
(I12). The classes are (i) receptor endings,
(ii) five forms of monopolar cells (L1 to
LS) that originate from perikarya above

Fig. 1. Optic cartridges indicated by pairs of short receptor endings from outer
segments and some of the component neurons. The dimensions of the optic cartridges
are: diameter, 8 to 12 um; length, 35 to 50 um. (A) A cartridge with its triplet of spiny
monopolar cells L1, L2, and L3 indicating the comb arrangement of their dendrites. In
the outer third of the cartridge L1, L2, and L3 dendrites form triads opposite T-shaped
presynaptic ribbons. Elsewhere L1 and L2 dendrites are arranged as dyads. The single
arrow at the distal end of a cartridge indicates presynaptic relationships between one
type of small field centrifugal (CE) onto L1, L2 and L3 and onto receptors above spiny
monopolar dendrites (ce). Paired arrows at the proximal end of a cartridge indicate the
level of reciprocal synapses between L2 and receptors and onto L1. (B) L1, L2, and L3

monopolars (shown without their dendrites) and the postsynaptic relationships of L1
and L2, but not L3, to the second form of small centrifugal (CE). (C) A simplification of
complex interrelationships. The cardinal element is the amacrine cell (AM) which is
postsynaptic to receptors via its alpha components (a) and presynaptic to other
amacrines at am-am and presynaptic to L4 dendrites at am. The L4 collaterals are
presynaptic to L.1 and L2 proximally at the level indicated by double arrows. They are
also presynaptic to each other (re). The third form of centripetal cell, which derives
input from receptors, is the T1 neuron, here shown in one cartridge only (7). Its
basketlike dendrites are postsynaptic to receptors via pinniform projections, post-
synaptic to amacrine alpha processes (a) and reciprocally presynaptic to amacrines at
a. (D) The simple relationships of one wide-field centrifugal. Here the type-1 tangential
centrifugal endings (TAN 1) are presynaptic to L1, L2, and L3 and receptors of as many

the EPL, (iii) one form of T cell derived
from above the second synaptic region,
the medulla 8), (iv) four forms of centrif-
ugal neurons derived from the medulla
©9), and (v) one form of anaxonal neuron,
intrinsic to the EPL (8). The L cells and
T cells are centripetal elements that pro-
ject to the outer strata of the medulla, a
level that is topographically equivalent
to the vertebrate inner plexiform layer.
Two types of centrifugal cells (ce and
CE) have narrow-field endings in the
EPL, restricted to single cartridges. Two
other centrifugals (TAN 1 and 2) have ex-
tensive telodendritic fields (/3) that
spread through assemblies of as many as
40 cartridges. The lamina contains about
500 amacrine cells distributed through-
out 2800 cartridges. Amacrines are com-
plex: each cell consists of horizontal
processes that pass over the outer sur-
face of the EPL and give rise to boutons
and rosettelike specializations as well as
bulbous alpha components that appose

as 40 cartridges in its telodendritic domain, which is also at a level above the majority
of SLM dendrites (double arrows). (E) The second form of wide-field centrifugal (TAN
2) presynaptic to L5 midget monopolars. These cells are also postsynaptic to ama-
crines. The telodendria of TAN 2 neurons also extend through oval, vertically oriented

domains of as many as 40 cartridges.
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the whole length of receptor-terminals.
Each cartridge contains at least six alpha
components derived from at least three
amacrine cells (8).

We have mapped the synaptic relation-
ships of lamina neurons from convention-
ally fixed material (14) after initially iden-
tifying (6) characteristically positioned
profiles belonging to particular cell types
by Golgi electron microscopy. These are
also summarized in Fig. 1.

Synaptic relationships fall into two cat-
egories, intra- and extracartridge. Intra-
cartridge relationships are either simple,
as exemplified by the relationships of L3,
or exceedingly complex, as are all inter-
cartridge pathways. Only three of the
five monopolar cells (spiny monopolars,
SLM’s) are postsynaptic to receptors. A
pair (L1, L2), axial to the ring of six re-
ceptor endings, gives rise to 12 rows of
18 or more dendrites arranged as combs
through the EPL. Each dendrite has be-
tween four and six swellings, which abut
the receptor membranes of the six termi-
nals, opposite T-shaped presynaptic rib-
bons. Dendrites of L1 and L2 are ar-
ranged as dyads (Fig. 1A) opposite single
ribbons. A third type of centripetal cell,
L3, has between six and eight dendrites,
which also branch to all six receptor end-
ings. There are three times more pre-
synaptic sites on L1 and L2 than on L3.
Where L1, L2, and L3 dendrites coin-
cide they form triad arrangements oppo-
site single T-shaped ribbons in receptors
(Fig. 1A). This arrangement probably fa-
cilitates the summation of the receptor
signal and improves the signal-to-noise
ratio (S/N) at low light intensities (11).
Because of the relative paucity of den-
drites of L3, we suggest that it is a noisy
cell with a low S/N. Synaptic relation-
ships of 1.3 are also simpler than any oth-
er EPL neuron. With L1, L2, and recep-
tors, L3 shares only one form of small-
field centrifugal terminal (ce in Fig. 1A)
above the level of its dendrites, and parts
of the type-1 wide-field centrifugal termi-
nals (TAN 1 in Fig. 1D).

The remainder of the EPL connections
are complex. Cells L1 and L2 receive in-
puts from three centrifugals, including a
narrow-field element that is exclusively
presynaptic to L1 and L2 at the level of
their dendrites (CE in Fig. 1B). In addi-
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site the receptor
(R) membrane

(% 25,560).

tion, the L2 neuron is reciprocally pre-
synaptic to receptors near the base of a
cartridge (Fig. 2) and presynaptic to its
mimetic partner, L1 (double arrows, Fig.
1A). This relationship may have impor-
tant consequences for neural adaptation,
working on a single retinotopic channel
(5), since narrow-field centrifugals usual-
ly have dendritic spreads in the medulla
that pass to several columns and reside
at the level of so-called photopic recep-
tor endings, the long visual fibers (6, 9).
Intracellular recordings of L3 cells, using
Procion yellow, is feasible in Diptera (3).
If some adaptation phenomena are

shared by L1 and L2 but not by L3 it
may indicate that reciprocal monopolar-

receptor synapses contribute, at least in
part, to intrachannel adaptation (15, 16).
However, experiments must be designed
with respect to both the intensity ranges
of short receptor endings [across at least
4log units (5)] and their spectral sensitivi-
ties, both of which are known to differ
from those of long visual fibers (17). We
suggest that, at high light intensities,
small field centrifugals and one type of
large field centrifugal may relay informa-
tion from long visual ‘‘photopic’’ recep-
tor axons to, respectively, the receptor
elements and SLM’s of single cartridges,
and to assemblies of cartridges.

Our Golgi-electron microscope stud-
ies of lateral connections reveal three ma-
jor substrates, in which EPL amacrine
cells have a cardinal position. These are
(i) inputs to L1 and L2, via L4 monopo-
lar cell collaterals, from receptor assem-
blies via amacrines (Fig. 1C); (ii) inputs
to T1 centripetal cells, via amacrines,
from receptor assemblies (Fig. 1C); and
(iii) inputs to the midget monopolar cells
(L5), via amacrines and the type-2 cen-
trifugal (TAN 2), from assemblies of
short receptors and, possibly, long pho-
topic receptors, respectively (Fig. 1E).

The L4 collaterals form a regular net-
work beneath the inner face of the lami-
na (7): each L4 cell is presynaptic to L1
and L2 of its own and two neighboring
cartridges as well as pre- and post-
synaptic to other L4’s within these same
cartridges. Amacrines of the EPL are
postsynaptic to receptors, via their alpha
processes, and presynaptic to L4 den-
drites; since at least three wide-field ama-

crines converge to each cartridge (8), in-
put to L4 cells and hence to L1 and L2
may be derived from a very large field.
Also, like horizontal cells of vertebrates,
EPL amacrines are presynaptic to one
another.

Lateral inhibition of L1 and L2 neu-
rons has been detected in dragonflies (16)
and in flies (8) by investigators using
off-angle illumination or slit stimuli @)
whereby the receptive field of SLM cells
is narrower than receptors and the
plateau of their response diminishes or is
abolished depending on the angular di-
vergence of the light source. The second
lateral pathway, to T1, involves only
amacrines. Structurally, T1 cells have
six climbing fibers that ascend the six re-
ceptor endings of a cartridge and are
postsynaptic to them. The T1 fibers are
also postsynaptic to amacrines, and
some reciprocal synapses have been
seen between T1 and alpha processes
(Fig. 1D) (8). Recordings from T1, with
Procion yellow identification, illustrated
that the receptive field of this centripetal
cell was even narrower than those of L1
and L2 neurons (3).

From the structure of the EPL, we sug-
gest that its amacrine cells play the cen-
tral role in lateral inhibition; they may al-
so sérve as receptor pools for neural ad-
aptation phenomena by working on
constellations of optic cartridges. Recent
electrophysiological studies of the dipte-
ran Calliphora stygia by Mimura (¢) sup-
port this hypothesis. He has described a
neuron whose complex receptive field is
composed of small fields that apparently
correspond to many single cartridges.
The entire receptive field of the neuron is
star-shaped with spokes radiating along
four axes: vertical, horizontal, and two
oblique. Amacrine cells are the only lam-
inar neurons whose processes are
mapped in this way, whereas L4 collater-
als are arranged along rectilinear coordi-
nates, 45° to the vertical and horizontal
axes. Thus we suggest that large fields of
the kind described were obtained from
the amacrine input to an L4 neuron and
that, together, amacrines and L4 per-
form adaptative and inhibitory functions
analogous to those of the horizontal cells
of the vertebrate retina.

Mention should be made of the last
class of lateral pathways, namely, onto
the minute dendrites of LS, via ama-
crines and the wide-field telodendria of
type-2 centrifugals. These relationships
(Fig. 1E) imply that LS neurons may re-
ceive wide-field information from both
short receptors, via amacrines, and long
visual receptors, via a type of inter-
plexiform neuron (TAN 2). Electron mi-
croscopy of Golgi-impregnated terminals
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of L5 neurons shows them to be inter-
posed between L1-L.2 terminal pairs in
the medulla and some second-order neu-
rons whose position is analogous to that
of vertebrate ganglion cells. Possibly this
relationship provides yet another adapta-
tion channel whose input is derived from
two separate receptor systems, scotopic
and photopic.

Our studies show that although the in-
sect external plexiform layer is complex
neuropil in terms of its cell types, it is
highly ordered in terms of synaptic loci
and neuronal geometry. Also, electro-
physiology has revealed many character-
istics of the insect EPL that suggest ana-
logies with the vertebrate counterpart.
Whether or not the present functional
proposals, derived from structural inves-
tigations, are confirmed will depend on
future electrophysiological studies of the
lamina neurons and their identification
by dye or cobalt injection (/9).
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Surface Molecules of Hematopoietic Stem Cells:

Requirement for Sialic Acid in Spleen Colony Formation

Abstract. Enzymatic treatment was used to test the function of some surface pep-
tides and carbohydrates in hematopoietic spleen colony formation. Proteases and
most glycosidases had no effect on spleen colony formation, whereas treatment with
Vibrio cholerae neuraminidase reduced colonies by one-half. Intact sialic acid (resi-
dues) appear to play an important role in colony formation.

Suspensions of bone marrow cells in-

jected into lethally irradiated mice cause
discrete colonies of proliferating hemato-
poietic tissue on the recipient’s spleen
within 7 days after injection (I). These
colonies are clones (2), each arising from

a

single cell (colony-forming unit, or

CFU-S), the progeny of which can ulti-

mately restore hemopoietic function (3).
Since at least some CFU-S accumulate
specifically in the spleen and bone mar-
row, the processes of site recognition
and selective adhesion should precede
implantation and colony formation.

Cell-surface carbohydrates and glyco-

proteins have a role in cell-to-cell recog-

Table 1. Effect of selective removal of surface components on the number of spleen colonies.
Each enzyme group was incubated with enzyme for 1 hour at 37°C. Lethally irradiated recipi-
ents were transfused with 2.5 X 10° nucleated marrow cells. Each treatment group had an ap-
propriate control, handled identically, except that buffer was substituted for enzyme. After 7
days, mice were killed, their spleens were removed and fixed, and colonies were counted. The P
values are from Student’s z-test; each treatment group was compared to its corresponding con-

trol.
Colonies per Spleens
Treatment group 2.5 x 10°cells (No.)

Control 18.1 = 1.8 8
Elastase (2 unit/ml) 15.4 = 1.8*% 7
Pronase (0.5 unit/ml) 17.0 = 1.7* 6
CONTROL 23.0 £ 2.6 7
Papain (1.2 unit/ml) 20.4 + 2.5% 7
Control 27.6 = 3.7 14
Trypsin (0.005 percent) 26.8 = 1.5% 8
Trypsin (0.05 percent) 31.2 = 2.6* 8
Control 27.6 = 3.7 14
Trypsin (0.25 percent) 24.0 = 3.7* 13
Control 255 +1.3 8
a-D-glucosidase (2 unit/ml) 23.2 + 1.6* 7
B-D-glucosidase (2 unit/ml) 24.3 £ 2.3% 6
Control 13.5 £ 3.3 16
a-L-fucosidase (20 unit/ml) 14.4 = 3.4* 14
Control 253 5.5 14
B-galactosidase (20 unit/ml) 22.0 £ 5.5% 16
Neuraminidase (20 unit/ml) 14.3 = 1.2% 16
Heat-inactivated neuraminidase (20 unit/ml) 24.7 = 4.6% 14

*Not significant.

TP < .001.
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