
tions were not found to be different, and single 
onential fits to the data gave an overall mean time 
stant of 0.64 ms. Desensitization was slower; the mean 

-NMDA component of the synaptic current decays with a 

of glutamate concentration in the cleft. 

CHARACTERlZATION OF S Y N r n C  JUNCTIONS IN THE 
E. G. A s c a m .  KAach.  L. E. AdleiL and R. 1. M a c G r w  

operational conslfainls of synaptic junctions, 

E DISTRIBUTION OF THE POSTSYNAPTIC AREAS ON 
(CAI) DENDRITIC SPINES MIGHT INFLUENCE THE 

lions could account for this heterogeneity and for the occurrence of 
shihutions. including variation in the number of vesicles released, in 
neummsmitter per vesicle, and in the siz8 of the poslsynaptic 

AND FUNC'I 
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MODEL OF THE QUANTAL ACTIVATION OF NMDA RECEPTORS AT A 
HIPPOCAMPAL SYNAPTIC SPINE T M Bartol Jr . T J Selnowskl* 
Compulauonal Neurob~ology Laboratory, Salk Inshtute, 10010 N Torrey Pmes Rd , 
La Jolla, CA 92037 

A Monte Carlo s~mulauon of a luppocampal area CAI synapttc sprne was 
undertaken The sunulauon mcluded the three-dunenslonal geometry of a synapuc 
spme, the release and random-walk d~ffuslon of each transmitter molecule IU a 
quantal packet of glutamate, and Ule acuvatlon by glutamate of NMDA receptors 
present on the postsynaptlc membrane The krneuc rate constants used to model Ule 
NMDA receptor were held fixed at the values reported by Lester & Jahr (The 
Journal of Neurosc~ence, 1992, 12 635-643) Thus, the free parmeters 10 the model 
were [he number of uansmltter molecules contamed In a quantal packet 0, and the 
NMDA channel denslty on the postsynaptlc membrane (Gnmda) Nand onmds 
were adjusted so U~at -10 NMIM ckmncls would bc In lllc open swte ill the pe:~k-if 
receptor activat~on (Uekkers & Stevens, Nnture. 1989, 341.230-233) Thc time 
course of slutamate concentration in the cleft followins auantal release had a ranid 
~om~onen~decreasing from -2 mM to 0 5 mM in <10oVp6 and a slower compon~ot 
which k e ~ t  elutamate concentration at -0.1 mM for over 1 ms. In aereemeot with 
experun&(ai results (Lester & Jahr) the ensemble average tune Eourse of the 
modeled NMDA receptor actlvauou was unaffected by the value of N or onmda It 
was also found that over a lun~ted range of values for omda, a best fit to the peak 
acllvallon cntena could be achewed by keepmg the product of N*onmda constant 
and that outs~de thls range a fit could only be obtamed by mcreasmg N at a grven 
value of an,,,&? Thls result suggests that N*onmda may he operaung at a mlnnnum 
value In vlvo and that the actual value of N could be determmed ~f one could 
measure omda 

Research supported by the Howard Hughes Medlcal Insulute 

Diversity in EPSC size and release probability of synapses on 
individual CAI  cells in the r a t  hippocampus. 
Morten ~ a & *  and W r t  Lloowsk~ 
Inst~tute of Neurophysiology, Unlvers~ty of Oslo 

If the excllatory synapses on CAI pyram~dal cells can undergo mod~ficat~ons of 
efficacy In vlvo, d~fferent axons synapt~cally connected to the same cell would he 
expected to present d~fferent release properues andlor postsynaptlc amplitude 
We have studled the questlon of diversity of synaptlc properties by uslng a 
technique for relrable actrvatlon of a s~ngle synapti~ally connected axon 

T~ght-seal voltage clamp recordmgs from CAI cells In h~ppocampal shces were 
used to record excitatory postsynaptlc currents (EPSCs) Inh~b~tory currents were 
blocked by 10 uM b~cuculhne Schaffer collaterals were act~vated w~th a lmted 
range of stunulus lntensltles around the threshold for the occurrence of EPSCs 
Actwat~on of a slngle fibre was Inferred when EPSCs appeared at a certaln 
sumulation Intensity, and a stable d~str~but~on of EPSC amplitudes was observed 
over a range just above thls stunulat~on lntenslly 

EPSC recordings with stable electrode series resistance, membrane resistance, 
~ a + +  concentration, stimulation frequency and comparable rise times showed 
clearly different EPSC amplitude distributions and different proportion of release 
failures when different single fibre inputs to the same cell were activated. There 
was no apparent correlation between probability for failures and mean EPSC size. 
speaking for a diversity in postsynaptic response between different inputs. 
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HIGH-SPATIAL RESOLUTION IMAGING O F  ca2+ TRANSIENTS 
I N  LIVING HIPPOCAMPAL NEURONS USING CONFOCAL 
MICROSCOPY J3.B. ~affc'*, and 3.H. ~ r o w q ' p ~ ,  Depts. of ~ s ~ c h o l o ~ ~ '  
and Cellular & Molecular ~ h ~ s i o l o ~ ~ ~ ,  Yale Univ., New Haven, CT 06520. 

Long-lasting forms of synaptic plasticity, such asLTPor LTD, are believed 
to be triggered by synaptically-mediated changes in [Ca],. The high-spatial 
resolution of confocal microscopy in combination with recently developed 
Ca-sensitive dyes can now be used to visualize changes in  [Cal, at the 
synaptic level. 

Living CAI and CA3 pyramidal neurons in  thick rat hippocampal slices 
(300 pm) were filled with long-wavelength Ca-sensitive dyes (Fluo-3 or Ca- 
green)using standard sharp microelectrode techniques. Cells near the surface 
of the slice (within 5 0  p) were chosen to facilitate high-spatial resolution 
imaging of dendrites and dendritic spines. Fluorescence imaging was 
performed using laser scanning confocal microscopy @io-Rad MRC300) 
either with a 63x oil, 1.2 NA objective (inverted system) or  a 40X, 0.75 NA 
water immersion objective (upright system). 

We have examined the spatial disUibution of dendritic ca2+ accumulation 
produced by two different sets of afferent synapses, demonstrating specific 
patterns of [Cal, increases for separate inputs. We have also begun studying 
increases in [Ca], in the large proximal dendritic spines of CA3 pyramidal 
neurons, the thorny excrescenses or thorns. We are currently applying DIC 
optics and video techniques to patch clamp in the whole-cell configuration 
identified neurons close to the surface to the slice. This will further facllitate 
high-spatial resolution imaging of changes in  [Ca], within the dendrites and 
dendritic spines of hippocampal neurons. Supported by ONR and NIMH. 


