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DIFFERENTIAL GROWTH OF APLYSZA NEURONS R2 AND L10 
ON RUQ TARGET CELLS IS ASSOCIATED WITH THEIR 
CAPACITY TO FORM SYNAPSES. p. Hawver and S. Schacher. 
Dept. Pharm., Ctr. Neurobiol. & Behav., Columbia CPS & NYS 
Psych. Inst., New York, NY 10032. 

Previous studies of Aplysia neurons L10 and RUQ in co-culture 
revealed that regenerating L10 neurites tend to avoid growing on 
RUQ target cells, due in part to the failure of L10 growth cones to 
fasciculate with RUQ neurites. This avoidance may help explain the 
paucity of L10-RUQ chemical synapses despite proper matching of 
ACh in L10 with AChR on RUQ. To determine whether this avoidance 
of RUQ is specific to L10, we used fluorescent dye injections to 
examine the pattern of neurite outgrowth from cholinergic neuron R2 
in the presence of RUQ. In 14 of 17 cases, 2-8 major R2 neurites 
appeared to alter direction so as to converge upon the RUQ soma and 
major axon. All R2 cells showed growth of neurites in the RUQ area, 
often characterized by extensive branching on the soma and 
fasciculation along the major axon and neurites of the target cell. 12 
of these R2-RUQ pairs were tested electrophysiologically for chemical 
connections, and 7 showed a 1-5 mV response in RUQ to a train of 3-5 
spikes evoked in R2. Thus, R2 differs strikingly from L10 in its abil- 
ity to form synapses with RUQ as well as in its propensity to grow on 
the RUQ target cell. Preliminary observations of early interactions 
show that, unlike L10 growth cones, R2 growth cones have a marked 
tendency to fasciculate with RUQ neurites. This suggests that the 
differences in the mature patterns of neurite outgrowth from R2 and 
L10, and the differences in synapse formation, may arise from 
selective fasciculation of initial contacts. 
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A MATHEMATICAL MODEL O F  PROTOZOAN 
HABITUATION. D. C. WOOD. Dept. of Behavioral 
Neuroscience, Univ. of Pittsburgh, Pittsburgh, PA 15260. 

Seven of the 9 parametric characteristics used to operationally 
define metazoan habituation have been observed when the 
contractile protozoan tikemg habituates to repeated mechanical 
stimuli. This behavioral habituation is correlated with a 
progressive decrement in mechanoreceptor potential amplitude. 
This decrement results from a increase in the voltage dependence 
of the mechanoreceptor channel conductance which reduces the 
number of channels opened by a mechanical stimulus. The 
mechanoreceptor channel modification occurs only when action 
potentials and contractions are elicited. 

This simple form of learning has been mathematically modeled 
employing only conventional psychophysical (Steven's Power 
Function) and electrophysiological (Boltzmann equation and 
Ohm's law) formulations. The parameters employed in these 
equations and their variances were experimentally determined. The 
feedback mod5cation of mechanoreceptor channels by action 
potentials or contractions and their recovery from it were 
presumed to be fmt-order processes. Using this model, data 
demonstrating 5 of the parametric characteristics of habituation 
were closely fit by varying only the 2 rate constants of the 
feedback processes. The other 2 characteristics could be fit with 
small extensions to the model. 
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FACTORS AFFECTING HABITUATION AND RECOVERY FROM 
HABITUATION IN C. ELEGANS C. H. W n  and B. S. Broster', 
Department of Psychology, University of British Columbia, Vancouver, 
B C. V6T 1Y7 -.  

Although habituation is the simplest and most ubiquitous form of learning 
the biological mechanisms of habituation are still incomDletelv understood. 
In these behavioral experiments we have investigatedfactdrs that affect 
the rate of habituation, the degree of habltuatlon and the rate of recovery 
from habituation in a simple reflex circult in C. elegans. One objective of 
these experiments was to determine the behavioral rules governing 
habituation, hypothesized cellular mechanisms of habituation must take 
these behavioral rules into consideration. In C. elegans the rate of 
habituation, amount of habituation and time to recover to baseline 
response levels are affected by the rate of stimulation. Habituation Is 
deeper and more rapid, and recovery from habituation Is more rapld, if 
Stimuli are delivered at short interstimulus Intervals than 11 they are 
delivered at long interstimulus intervals. The rate of recovery from 
habituation is dependent upon the lnterstimulus interval used and not 
upon the amount of habituation, nor upon the number of stimuli received. 
For example following habituation with a 5s IS1 worms recover within 10 
min, however after the same number of stimuli at 60s IS1 worms took more 
than 30 min to recover. 

These behavioral experiments show that the rules for habituation In C. 
elegans are similar to those Observed In a large vanety of species. Thus C. 
elegans Is an appropriate mdel system In which to investigate biological 
mechanisms underlying habituation. 

MODELS OF LEARNING WlTHOUT DETECTABLE SYNAPTIC 
PLASTICITY IN THE LEECH. S.R. Lockem and T.J. Seinowski. 
Salk Institute, La Jolla, CA 92037. 

Studies of neural mechanisms of learning have focussed on large 
changes at identified synapses. However, learning in even simple 
reflexes may be distributed over many synapses. We used a model 
network of the local bending reflex in the leech to investigate the 
distribution of synaptic plasticity underlying habituation in a parallel 
processing system. The model comprised 4 sensory, 20 inter-, and 8 
motor neurons. Synaptic connections were trained by the recurrent 
backpropagation algorithm until the model reproduced the amplitude and 
timecourse of synaptic potentials recorded intracellularly from motor 
neurons in response to sensory cell stimulation in non-habituated 
preparations. This "naive" network was then "hab'~tmted'' by retraining 
it until the amplitude of each synaptic potential was 40% of the non- 
habituated level. The training algorithm was allowed either to increase 
or decrease the strength of aconkction. Final connection strengths in 
the model network were inferred from the heights of simulated synaptic 
wtentials when the nresvna~tic neuron was stimulated with a standard 
current pulse. co;np&sdn of connection strengths in naive and 
habituated networks revealed that habituation was distributed across all 
connections in the model, with the largest changes in the connections 
between sensory and intemeurons. However, even these changes were 
small--on average, less than 1 mV. This resultraises the possibility that 
substantial changes in behavior can occur in the absence of easily 
detectable changes in synaptic saength. 
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DISSECTING MALE-MATING BEHAVIOR IN C. ELEGANS 
& Lin. Y. Haidu*. and P. e. HHMI, Div. of Biology, 156-29, 
Caltech, Pasadena, 91125. 

C. elegans naturally occurs in two sexual forms, self-fertilizing 
hermaphrodites, and males, which must mate in order to produce 
progeny. Male mating behavior comprises a number of discrete (but not 
discreet) stens: males first resoond to hermanhrodites bv backine alone - " 
its length, turn around the head andlor tail if necessary, locate the vulva, 
insert their spicules, and inject sperm. The copulatory structures and 
their associated neurons in the male tail appear to mediate this behavior. 
To understand the underlying neuronal circuitry, we are tnking two 
approaches. First, to identify genes which specifically affect the 
participatingneurons, we have isolated mutations which affect mating. 
Details of this screen were described nreviouslv (Liu. K and Sternbcrc. -. 
P., Soe., 1989). To date, we have isiated 22 mutants defectlve 
in the steps outlined above, 19 of which exhibit defects at a single step For 
example, 11 mutants are blocked at the level of spicule insertion. The fact 
that these steps are independently mutable suggests that separate neural 
components mediate these steps. Our second approach is to systematically 
ablate the different sensory structures specific to the male to ascertain 
their roles in mating behavior. Preliminary results indicate 
redundancy in tho system. For example, the "hook normally mediates 
the locution of the vulva. as its ablation results in male initiallv unable to  
perform this step.   ow ever, after a few unsuccessful attempt; the 
spicules appear to be able to partially compensate for this defect. This 
redundancy in the system may explain why it has been difficult to isolate 
mutations which act early in the behavioral pathway. 
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