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QUANTAL ANALYSIS O F  SUPERIMPOSED EXCITATORY 
P O S T S Y N A P T I C  P O T E N T I A L S  F R O M  M U L T I P L E  
S Y N A P S E S .  Paul C. Bush. Shaolin Li* and Terrence I ,  
Ssjmwk Salk Institute, La Jolla, CA 92138-9216 USA. 

Extracellular stimulating electrodes in hippocampal slices 
typically activate multiple synaptic boutons, even at  minimal 
levels of stimulation, each of which could have a different 
quantal s ize and release probability. T h e  superposition of 
these EPSPs make conventional quantal analysis problematic. 
We  have developed a method for  analysing such data that i s  
capable of separating a small number o f  release sites. This  
method relies on the differences in the time courses of EPSPs 
from different locations in the dendritic tree as measured at 
the soma. 

Our method begins with an estimation of the attenuation 
factor of the dendritic tree for  each synapse by applying a 
maximum likelihood estimator t o  the Fourier transform of 
individual EPSP traces. This  produces a time integral of the 
voltage of the EPSP at  the synapse. An inverse filter is then 
used t o  produce histograms o f  quantal amplitudes for  each 
synapse. We  have tested our  method o n  randomly generated 
mult iple-synaptic  quantal  ampli tude his tograms,  generated 
from a-function EPSPs with noise added at  the level observed 
in microelectrode recording (approximately 3:l signal:noise 
power  ratio). T h e  algori thm accurately recovered the 
ind iv idua l  quan ta l  ampl i tude  h i s tograms ,  f r o m  which 
parameters for  the appropriate statistical model are  easy to 
ex t rac t .  

TEMPORAL SEQUENCES ENCODED AND RECOGNIZED USING LTP 
INDUCTION AND EXPRESSION RULES. J.Larson, J.Whitson*, R Granger, 
& G.Lynch. CNLM, Univ. of Calif., Irvine, CA 92717. 

If LTP reoresents a memorv storaee mechanism. its induction and exoression . - 
characteristics may constitute rules governing encoding and read-out of mem- 
ory in cortical circuitry. Stimulation patterns based on the 4-7 Hz theta EEG 
rhythm have been shown to be ideally suited for producing robust and stable 
LTP (Larson & Lynch, h, 232: 985, 1986); these repetitive stimulation 
cycles have been shown to give rise to  unique learning and recognition rules in 
computational simulations (Ambros-Ingerson, Granger & Lynch, Science, 247: 
1344, 1990). Sensory cues often consist of sequential elements, raising the ques- 
tion of how LTP induction and expression rules relate to encoding and retrieval 
of temporal sequences. It has been shown that the sequence in which synapses 
are stimulated determines the degree to which they potentiate (Larson & Lynch, 
Brain Res., 489: 49, 1989), thereby yielding a physiological rule for LTP induc- 
tion using temporal sequences: the greatest LTP is induced in the earliest input 
and smallest LTP in the last input. 

Physiological simulations of synaptic responses predicted an LTP expression 
rule for temporal sequences; this was supported by physiological tests using 
sequential stimulation of two afferents (SI and 52) in field CAI of the hip- 
pocampal slice. Before potentiation, the sequences S1-S2 and S2-S1 gave equal 
responses; after potentiation of S1, the sequence S1-S2 yielded a significantly 
larger response than the reverse sequence. Thus, the optimal sequence for depo- 
larization of the postsynaptic cell is the sequence in which synapses are activated 

I from strongest to  weakest. The functional consequences of these findings were 
investigated with a network simulation, using the LTP induction rule to train 
on cues consisting of temporal sequences, and testing for recognition of the cues 
using the LTP expression rule. The network showed a high capacity for encod- 
ing and accurately recognizing temporally-patterned cue sequences, e.g., 10,000 
cues in a network of 1,000 cells. (Supported by ONR N0001489-J-1255 and 
N00014-89-5-3179), 

LONG-TERM POTENTIATION O F  PERFORANT PATH AND 
MOSSY FIBER INPUT TO CA3 PYRAMlDAL CELLS: AN in vlvo 
COMPARISON OF OPTIMAL TETANIZATION PARAMETERS. 
Mark E Yeckel andTheodore W. Bereer. Deparmtents of Behavioral Neuroscience 
and Psychiatry, University of Pittsburgh. Pittsburgh. PA 15260. 

Fymidal  cells of the hippocampal CA3 region receive direct monosynaptic 
excitatory input from entorh:lnal cortical cells,~as well as an indirect diiynaptic input 
via mossy fiber axons of dentate p u l e  cells. We have recently demonstrated, in 
vivo, lhol a givcn subpopulation of CA3 pyramidal cells can exprcss diffcrent forms 
of long-teml polentiution (LTP) for different subsets of synapses: perforant path LTP 
is NMDA dcwndent and specific to the telanized fibers (i.c.. homosvna~tic): mossv 
fiber LTP is not dcpcndcniupon NMDA receptor lrctivationind L T ~  is'also expre&d 
fur nontetanized commissurd input (heternsynaptic). We have investigated funhcr the 
exoression of LTP bv these convereent ~athwavs . more s~ecificallv. whether or not . , 
thiu optimal LTP inhuction pamm&shay diifer. 

Stimulating electrodes were placed in 1-3 afferent pathways of halothane anesthe- 
lized rabbits: the ipsilateral angular bundle, the ipsilateral hilus. and the contralateral 
CA3 cell layer. Tetanizing stimuli of 400 Hz (10 kdns of 10 impulses; 1 train/lOs), 
followed 45 min later by 100 Hz (1-3 trains of 100 impulses; 1 W l 0  s), or 100 Hz 
followed by 400 Hz, were delivered to the either the perforant path or to mossy fibers. 
Analysis of inpuVoutput functions for monosynaptic~populati& rosponscs rc&rdcd in 
the CA3 pyramidal cell region revealed that 100 Hz delivered b the mossy fibers 
induced a m t e r  magnitude increase in the number of cells activated than-400 Hz 

~ ~- ~ - -  ~ 

irrespcctiv~ of the o&r in which the tetanizing stimuli were givcn (n=7). In co&l, 
the number of CA3 cells evoked by perforant path input was greater alter LTP was 
induced with 400 Hz vs. 100 Hz (n=lO). Because il appears that the optimal induction 
parameters may differ for thew: pathways. the possibility exisls Lhal different fluems 
of nffercnt activity could lead to the selective induction ofhomosynaptic or 
hcterosynaptic LTP (in different pathways). and thus have fundamentally different 
consequences for globd functional properties of the hippocampal syst&. 
Supported by ONR. AFOSR, MH45156, MH18273, and MH00343. 


