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Final Report: Research Grant AF-AFQ SR 62-147

THE PHYSIOLOGY OF CRUSTACEAN INTERNEURONS
Donald Kennady
Department of Biological Sciences

Stanford University, Stanford, California

INTRODUCTION

The two-year grant reported here vas designed to equip snd support a
visiting post-doctoral investigator in this laboratory to work in collabora-
tion with the principal investigator on problems relating to the physiology
of centrai interncurons in crustaces and of the afferent fibers which supply
excitation to them. 1In the original proposal two avenuss of investigation
were laid out. The first of these involved studies on the photosensitivity
of crustacean intermeurons, espacially that of the pair of nerve fibers in
the abdominal nerve cord of the crayfish which had been previcusly shown to
be light-sensitive. This segment of the work was completed somevhat esrlier
than anticipated, and largely on the basis of previously available support
from the U.S. Public Health Service. These experiments quickly reached a
point at which further effort wes not deemed profitable, and this line of
investisgion has therefore not been pursued further, UIFive copies of the
publication which resulted from these studies are enclosed--not because the
work was accomplished primarily under the tenure of thig grant, but because

it explains the termination pf this particular line of investigstion.
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The major proportion of the original proposal involved further studies
on the central comnections of crustacesn interneurons, snd the properties of
the synapses betwsen afferent fibers and interneurons. These studies have ;
been concentrated on under the tenure of this grant. In addition, each of ‘
the visiting investigators brought to Stemford undex the grant have pursued |
distinct but related programs of investigstion of their own in addition to
the collaborative work on the interneuron problem. This report will consider

both phases of activity.

PERSONNEL

Two resesrch associates have beeu supported in this laboratory under
the gramt. The first is Dr. Deforest Mallon, Jr., who came in the fall of
1961. He was supported between October 1961 and October 1962; he then stayed
an additional year in the laboratory with other support to complete some of
the investigations which he had begun. He has since besen appointed asssistant
professor of biology at the University of Virginia, snd now is actively pur-
suing several problems which have growm out of the projects he worked on here,
I mention this because it seems to me g significent result of this support
that a multiplication of laboratories actively working on the problem has
been made possible.

The second research associate, appointed in October 1962, is Dr. Kimihisas
Takeda, Instructor in Physiology at the University of Tokyo Medical School.
Dr. Takeda has remained here for s second year, supported under a continuation

of the same grant,.
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The Physiology of Crayfish Intexpeurous
We have concentrated our efforts on two related problems. The first of these
concerns the organization of input to, and the central coding of sensory
information in, a numerically lsrge class of interneurons which receives
synaptic input in several different body segments. This work, pursued
intensively with Dr, Mellon during his two years here, has clarified our
knovliedge of the mechanism by which impulses are initisted by prasynaptic
events in the branching-fiber system within central neuropile. In addition,
we have been able to snalyzse the properties of impulse collision and refrac-
toriness vhich result from the fact that impulses are being initiated in
several different regions of the same axon. In particulsr, we have been

able to use such neurons as models for a new machsuius whereby the pattern

of impulsesz in a single neuron might indicate information about dynamic
stimulus paramesters: in particular, velocity and direction. The results
of this work were presented at a symposium on neur{! theory snd modeling held
at Ojai, California in Decamber of 1962. They will shortly be publighed in
the Proceedings of that Confarence by Stanford University Praszs, and the
reference is included on the list of publicctions. A summary of some of the
results will be found in the accompanying abstract of a paper prasented at
the AAAS meetings in Cleveland last December. A full menuscript describing
recovery-cycle properties of the synapses involved and axperiments on the
mechanism of {mpulse initiastion, as well as the interactions between differ-
ent spike-generating loci, has be«n submitted to the Journal of Neurophysiology.
This investigatiom {s continmuing under the continuation of this grant
in collaboration with Miss Joan Johnston, a terminal graduste studeant in this

laboratory, and with Dr. Takeda. It is expected chat the analysis cen be masde
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more complete since we now have techniques for marking the position of intra-
cellulgr recordinz electrodes by slectrophoretic do’_i?ciuon of dyes from the
microelectrode, as well as for passing current through the cell memdrane while

recording.

The Propexties of Bipolar Jensory Neygons

Dx. Mellon began an investigation of some of the natural sensory inputs
to the interneureas studisd, and in the course of doing so developed a new
proparation of considersble interest. He was able to show that tactile hairs
on the amoskeleton of crayfish are of several classes, and that in one of
these the sensory elements ara innervated by two receptor neurons; one of
these is seneitive to movement in one direction, and the other to the
opposite movement. The general propertiss of these receptors, and their
possible importasnce to the organism in interpreting its environment, sre
treated in a paper published in the Journal of Experimental Biology. Five
reprints of this publication are enclosed with this report.

The receptor nsurons belonging to this system are of sufficient size
to make possible, for the first tims, decisive experiments on the point of
impulse initistion in thia type of meuron. Microelectrode recording from
the someta of these celli revegls that the spike is initiated at a rather
distal locus on the dendrite itself, and thus that these dendrites are cap-
able of supporting sll-or-none activity. It was also showm that the presence
of the soma as sn expmsion in the conducting pathway limits the frequency
response of these neurons, since the dandrite-soma boundary is s criticsl
site of low safety factor. This circumetance leads naturally to a possible

sxplanation of why, in wost "“sdvanced" neurons of this type, the soms is
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placed off the main conduction pathway on a side branch (e.g., invertebrate
cuntral neurons, vertebrate spinal ganglion cells). This aspect of the work
has just been publighed in the Journal of General Physiology; reference is
made to this paper in the list of publications, and reprints of it will be

sent as soon as they becoms available.

Respouses of Cravfish Motomeyrons

Dr. Takeda's major project, asids from our collaborative work on inter=
neurons, has dealt with the problem of the activation of motor neurons by
other central slements. He has developed a technique for penetrating, under
visual control, large cell bodies located on the ventral surface of the third
abdominal ganglion of the crayfish with two microslectrodes, one for record-
ing deubrane potentials and the other for passing current. These cells can
be identified as flexor motoneurons by antidromic stimulation of the third
root, an excluaively wotor nerve vhich innervates abdominal flexor muscles.
The results of thase experiments confirm thst the soma, which is devoid of
synapses, is located at s considerable distance from the site of synaptic
impingemant on branches of the axon in the neuropile. Electrical activity
in the somats of such motoneurons, evoked by stimuletion of giant fibera im
the nerve cord, coansist of three components. Ths first is a small, alectro-
tonic potential sssociated with activity in several branches of the main axon.
The second 15 associated with the efferent spike ':I.n‘ the third root, end 1s
the response of the main axon. The third component represents invasion of
the impulse into the soma., Third component is¢ easy to block by slight hyper-
polarizetion of the soma; when this is sccomplished there 1is no effect on the
sfferent spike, which demcnstrates that the soma is uninvolved in the truu-'
mission pathway. When the second compouent is blocked by deaper hyperpolarisa-

tion, the efferent spike {s blocked also. The first component camnot be
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blocked even by Aingphyp‘tpohriution; but it does not show a significant
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increase in smplitude, as would be expected {f it were a "pure' smwmaptic poten-
tial. A number of flexor motor neurons are excited by a single impulse in

sny one of the foux central giant fibers. In addition, excitatory and inhibdbi-

tory pathways exist both in the connectives of the ventral nervie cord sud in
the segmental first snd second roots to the ganglion in which the soma lies.
Thus these neurons perform a unique integrative task: they receive highly g
effective, individual presynaptic inputs from the giant fibers, in response:

to vhich they act ss simple relays, and in addition respond to a highly con-

vergent set of small-fibered afferent pathways. An important part of the i
mechanism of integration in these calls is the presence of all-or-iaone
responses in one or several individusl lrenches of the main axon, which may

have to summate to produce discharge. Thus, in addition to the conventiomnal

addition of graded synaptic potentiasls, a second stage of integration exiasts
bstveen impulse events in branches and discharge of the maein axon, Dr. Takeda
has also analyzed the slectrical properties of the cell bodies. They prove

to be electrically excitable, a fact which wns not previously known, and their
meabrane constants have been calculated.

A limited number of motoneurons operate the flexor muscles of each seg-
ment. Of the ten which pass out sach third root, these experiments have
individuaily identified at least six., Identification of these motoneurons
and localizstion of their somats has made possible a new set of experiments
which are in progress now. The cells can be individually stimulsted, either
in the thixd root or by intercellulsr stimulstion of their soms, and this 1is
snabling us to work out the actions of sach on the segmental musculature.

As is wall known, several types of motoneurons are found in srthropod (and
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other invertebrate) systems, Some produce "fast' junctional potentials, often
vith secondary responses, vhich produce twitch-like contractions in the muscle.
Others produce ‘slow" junctional potentials which require facilitation in order
to achieve tension development. Still others sre inhibitory. We are curxently
trying to take advantage of this new understanding of the inputs to individu-
ally-specified motoneurcus in order to untangle the details of the neural ac-
tions vhich underlie specific reflex behavior.

Five coples of s sbstract resulting from the motoneuron expariments are
enclosed. A full manuscript has baen M¥pared snd submicted to the Journal of

Neurophysiology, and reprints will be sent when they become gvailasble.
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