
suits on multiaction cells in the buccal 
ganglia to those obtained on cell L10, 
a multiactioned cholinergic neuron in 
the abdominal ganglion of Aplysia (2, 
3). In both ganglia a single presynaptic 
neuron can act on inhibitory and excita- 
tory receptors in different follower cells 
to produce opposite synaptic actions. In 
addition, some follower cells in each 
ganglion have both types of receptors to 
ACh so that the presynaptic cell can 
mediate opposite synaptic actions to a 
single follower cell. In the dual follower 
cell of the abdominal ganglion the two 
types of receptors have different kinetic 
properties so that an action potential 
in the presynaptic cell produces depolar- 
izing PSP's at low rates of firing and 
hyperpolarizing PSP's at high rates of 
firing (3). The excitatory receptors have 
a low threshold for activation but are 
desensitized at high rates of stimula- 
tion; the inhibitory receptors have a 
higher threshold for activation and their 
action becomes most apparent at high 
rates of stimulation. By contrast, in the 
dual follower cells of the buccal gang- 
lia the two receptor types have similar 
thresholds to ACh so that a single pre- 
synaptic action potential activates both 
sets of postsynaptic receptors concomi- 
tantly, producing a diphasic PSP. As a 
result of these differences, the sign of 
the abdominal ganglion dual synapse is 
frequency dependent, excitatory at low 
frequencies and inhibitory at high fre- 

quencies, whereas the sign of the buccal 

ganglion dual synapse is dependent on 
membrane potential as well as fre- 

quency. The buccal ganglion dual syn- 
apse tends to be primarily excitatory 
near the resting membrane potential 
and to become progressively more in- 
hibitory as the membrane is depolar- 
ized, by other inputs or by injected 
current, and the threshold is raised by 
accommodation. The buccal ganglion 
synapse is also sensitive to the fre- 

quency of firing of the presynaptic neu- 
ron. At high rates of firing both compo- 
nents decrease but the second com- 

ponent is more affected because the 
inhibitory receptors appear to desensi- 
tize more rapidly than the excitatory 
receptors. It therefore appears possible 
for a nervous system to employ other- 
wise similar receptor components in 
very different ways by varying the se- 
quence of their activation and their 
kinetics for desensitization. 
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One of the striking features to emerge 
from studies of these several cholinergic 
neurons in Aplysia (2, 3, 5, 10) is that 
a large variety of synaptic actions can 
be triggered by a single chemical trans- 

678 

One of the striking features to emerge 
from studies of these several cholinergic 
neurons in Aplysia (2, 3, 5, 10) is that 
a large variety of synaptic actions can 
be triggered by a single chemical trans- 

678 

mitter compound. In principle it there- 
fore appears possible to construct a 
ganglionic mass or even a whole nerv- 
ous system by using only one transmit- 
ter substance and by simply varying the 
types of receptor, the combination of 
receptors, and their sequence of activa- 
tion in the postsynaptic cells. That this 
is not generally the case suggests that 
different transmitters may be necessary 
for other purposes, such as cellular 
recognition or trophic maintenance of 
synaptic contacts, than for providing 
different types of synaptic actions. 
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micrographic evidence. 

Michelson (1) was first to note that 
the shell of the beetle Plusiotis resplen- 
dens reflects circularly polarized yellow 
light when white light is incident on 
the shells. Later, Friedel and others 
(2) noted this phenomenon in choles- 
teric crystals. Shortly afterwards, Gau- 
bert (3) studied the phenomenon as rep- 
resented by a variety of beetles. 

Robinson (4) has treated and related 
the combined phenomena, as shown by 
polypeptide solutions, beetles, and 
cholesteric liquid crystals, and con- 
cluded that "further research into the 
nature and origin of these irridescent 
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[beetles'] elytra would be repaying." 
More extensive optical data of Neville 
and Caveney (5, 6) seem to confirm the 
conclusion. 

Thus the concept that cholesteric 
liquid crystals effect the selective re- 
flection of light of limited color is now 
even more convincing as being due to 
their layered structure whose periodicity 
approximates the wavelength of the 
band reflection maximum (for a medium 
of the average refractive index of the 
liquid crystal). However, the selective 
reflection of this light of limited color 
as circularly polarized light of a spe- 
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Cholesteric Liquid Crystal-Like Structure 

of the Cuticle of Plusiotis gloriosa 

Abstract. The toroidal but parallel array of planes of unidirectionally oriented 
molecules believed to characterize cholesteric liquid crystals also gives rise to 
certain geometrical patterns. The reality of this structure is demonstrated by 

Cholesteric Liquid Crystal-Like Structure 

of the Cuticle of Plusiotis gloriosa 

Abstract. The toroidal but parallel array of planes of unidirectionally oriented 
molecules believed to characterize cholesteric liquid crystals also gives rise to 
certain geometrical patterns. The reality of this structure is demonstrated by 



Fig. 1 (left). Plusiotis gloiiosa, electron micrograph, transverse section of elytra. Fig. 2 (right). Plusiotis gloriosa, electron mi- 
crograph, parallel section just beneath the lenslike structure of the epicuticle. 

cific handedness is somewhat more 
obscure (7). 

The nature of periodicity peculiar to 
the liquid crystal systems resides in the 
fact that their molecules are parallel 
and in a plane. Successive planes 
(layers) of these are believed to differ 
from each other by a constant angle of 
rotation of the direction of the mole- 
cules and of a single-1handedness (7). 
(The rotation is either right-handed or 
left-handed and varies with wavelength, 
usually being nonrotary for some wave- 
length.) Neville, Caveney, and others 
observe that the Scarabaeidae show 
left-handed reflection with few excep- 
tions. Caveney's (6) study includes sev- 
eral different species; and, most sig- 
nificantly, he attributes most of the re- 
flected polarized light of all of these 
examples to the presence of uric acid 
(50 to 70 percent of the structure by 
volume). At the Same time, his electron 
micrograph of a diagonal section of the 
cuticle of Plusiotis resplendens shows 
exceptionally well the helicoidal layered 
structure characteristic of choles.teric 
liquid crystals, suggested by models and 
examples of Bouligand (8), and which 
had been considered to account for all 
of the polarizing character until Cav- 
eney's paper appeared. 

My photographs (Figs. 1 to 3) are 
studies of Plusiotis gloriosa, a satiny 
12 MAY 1972 

green and silver striped species also 
studied by Caveney; these photographs 
are good examples of the significance 
of the Bouligand structure. 

The first reaction one has to this 
beetle's green color is that it has a 
"depth" to it. Under the microscope at 
X40, this green color is found to con- 
sist of snmall green dots. At X400 it 
has the appearance of an assembly of 
green bubbles, and yet a lenslike effect 
makes yellow light concentrate in the 
centers of the "bubbles," while the 
green surrounds the yellow spots. Rep- 
lication of the surface indicates that it 
is planar, for all practical purposes. 

Sectioning of the elytra demonstrates 
the brittleness of the outer layer unless 
very thin sections are made. Thereupon 
the electron micrographs (Fig. 1) display 
the transverse section as having four 
layered zones: an outer (epicuticle) zone 
with planoconvex lenslike structures; 
a second layered zone (outer exocuti- 
cle) which conforms to the convex side 
of the lenslike epicuticle; a third, 
darker, layered zone (endocuticle); and 
the fourth layered zone, which seems 
to be cellular. The layers of exocuticle 
show a varying periodicity inwardly 
of from 0.1 jam to perhaps 0.3 t/m, 
respectively. Thus these layers could, 
it would seem, act as a transparent (or 
translucent) optical grating for visible 

light. This structure seems to be not 
only typical of these "optically active" 
Scarabaeidae, but also would seem to 
account for the particular color each 
species displays. However, it may be of 
interest that the seemingly "silver" 
stripes of P. gloriosa are associated 
with a very thin and nearly flat area 
(but not lenslike) of the epicuticle 
from which there is a reflection of white 

Fig. 3. Beetle shell transverse section 
showing liquid crystal-like structure; mag- 
nification, X 100,000. 
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light. Thhus the reflected white light di- 
lutes the reflected green light from the 
exocuticle so that, by contrast to the 
concentration of green light effected by 
the lenslike areas of the epicuticle, the 

light appears Isilver-white. However, 
when one avoids the perpendicular re- 
flection, the greenish color is still very 
pale and so seems to be associated with 
the thickness of the epicuticle or merely 
the lack of intensification of the green 
light by lenslike structures. 

The structures of the epicuticle and 
exocuticle were investigated further. 
Sections almost parallel to the surface 
were made in which some of the lens 
bottoms were truncated and cut, so 
that photographs of these showed the 
very clear spiral Bouligand pattern asso- 
ciated symmetrically with each lens as 
it acts as a negative "tubercle," which 
is Bouligand's term. 

Figure 2 shows the arrangement of 

Bouligand patterns as they appear in 
a plane in the epicuticle parallel to 
the surface but below the convex lenses 
of the epicuticle. As indicated by the 
handedness of the patterns, the left- 
handedness indicates a right-handed- 
ness of the pitch of the oriented layers 
of parallel molecules, as one proceeds 
down from the outer surface (epicuticle) 
of the beetle. This comes from the de- 

pression instituted by the lenses of the 

epicuticle, as was expected by Bouli- 

gand. Figure 3 shows a second manifes- 
tation of the same Bouligand structure 
when the section is taken at a 45-degree 
angle to the layers of the fourth zone. 
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Decremental Conduction over "Giant" Afferent Processes 

in an Arthropod 

Abstract. Four "giant" mechanoreceptive cells form part of a stretch receptor 
organ at the base of the uropod in the sand crab, Emerita (Crustacea, Anomura). 
Injection of the fluorescent dye Procion Yellow revealed that these sensory cells 
are monopolar with somata located in the central nervous system. No such cells 
have previously been described in arthropods. These neurons are also unusual in 
that they do not generate propagated action potentials; rather, they mediate 
stretch reflexes by transmission of graded, decremental potentials. 
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Four "giant" mechanoreceptors (cells 
I-IV) form part of a stretch receptor 
organ in the sand crab, Emerita (Crus- 
tacea, Anomura) (Fig. 1A). These sen- 
sory cells are unusual not only because 
of the large size of their dendrites, but 
also because of the location of their 
somata within the central nervous sys- 
tem, in contrast to the peripheral lo- 
cation of most sensory cell bodies in 
arthropods. Furthermore, the dendrites 
do not sustain self-propagating, over- 

shooting action potentials; they thus re- 
semble certain thoracico-coxal receptors 
with which they are probably serially 
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the medioventral rim of the uropod 
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maintains a diameter of 45 to 50 tum 
in the root and receptor nerve (in a 
crab of carapace length 2.5 to 3.0 cm), 
and divides dichotomously into several 
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..: ligament), based on the study of speci- 

mens stained with methylene blue. c, 
\ \\ \ Cuticular membrane between telson and 

\ \ DM.M . sixth abdominal segment; DMM, dorso- 
'.\ \ medial muscle of the telson; dt, dorsal 
\\ . telson, inner surface; e, elastic strand along 

1mm .\ : . which the dendrites of the four "giant" 
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son and uropod coxopodite; VMn, nerve to the ventromedial muscle, inserting on the 
uropod ventral to the dorsomedial muscle. (B) Cross section (silver-stained, 10 arm) 
of the fifth abdominal ganglion root within 1 mm of the ganglion (point of 
intracellular recordings). The four large profiles in the anterior-ventral quadrant are 
the "giant" dendritic processes; clockwise, cells IV, I, II, III, numbered according to 
their insertion from anterior (distal) to posterior (proximal) along the elastic strand. 
Marker, 40 um. 

~m----4 \c B- 
m \j X\\ ~ ~ Fig. 1. (A) A composite drawing of the 

\\ \ M ventral view of the right uropod coxopo- 
1 U 

~ 

^\ dite and its three associated strands 

mm-- \\\ :.m .(muscular, elastic, and connective tissue 
..: ligament), based on the study of speci- 

mens stained with methylene blue. c, 
\ \\ \ Cuticular membrane between telson and 

\ \ DM.M . sixth abdominal segment; DMM, dorso- 
'.\ \ medial muscle of the telson; dt, dorsal 
\\ . telson, inner surface; e, elastic strand along 

1mm .\ : . which the dendrites of the four "giant" 
dt. ULJ dt. cells (I-IV) insert; GN, fifth abdominal 

A .ganglion; iDMM, insertion of dorsomedial ? 
. . ~ muscle on uropod coxopodite; iM6, in- 

sertion of medial muscle of the sixth 
segment; m, muscular strand; imn, motor innervation of muscular strand; rn, re- 
ceptor nerve branch of main root; sc, small cells of unknown function on elastic 
strand; sm, presumed sensory innervation of muscular strand; t, ligament between tel- 
son and uropod coxopodite; VMn, nerve to the ventromedial muscle, inserting on the 
uropod ventral to the dorsomedial muscle. (B) Cross section (silver-stained, 10 arm) 
of the fifth abdominal ganglion root within 1 mm of the ganglion (point of 
intracellular recordings). The four large profiles in the anterior-ventral quadrant are 
the "giant" dendritic processes; clockwise, cells IV, I, II, III, numbered according to 
their insertion from anterior (distal) to posterior (proximal) along the elastic strand. 
Marker, 40 um. 

SCIENCE, VOL. 176 SCIENCE, VOL. 176 


