
Roles  of Nega t ive  Feedback  by P o t a s s i u m  C u r r e n t s  a n d  Re- 
c u r r e n t  Inh ib i t ion  
Jongl~an Shin* , Div. of Biology, Caltech 139-74, Pasadena, C 4  91125. 

This abstract describes precision improvement of xeural coding by 
internal negative fcedback currents such as the delayed potassium cur- 
rent, etc. and external recurrent illhibition. The negative feedhack 
by tile delayed potassium current can reduce errors induced in trans- 
forminging analog potential of soma into nerve pulses. 'The errors re- 
lated on neural coding are filtered by high pass filler which result f ro~n  
tire nepative feedback mechanisrn. Thus signal-to-noise ratio of neural 
coding is increased at  low frequency band in wliicli important informa- 
tions exist. hlorcover additional negalive feedback \ria recurrent inlii- 
hition, etc. could make the high pass filler higl~er order, which result 
in more signal-to-noise ratio than without i t .  Also this could explain 
internal biophysical mccl~anism about power spoctrd shapes observed 
from Inany experi~nental preparations, which has a dip a t  low frequences 
and a positive slope between the low frequency band and high frequency 
band. In geiieral, we know that  the signal-to-noise ratio ofneural coding 
~vould increase with increasing n~ax i~nurn  mean firing frequency. But 
we cannot explain cfiicient neural coding of nerve cell completely, using 
this kind of ovcrsalnpling and averaging concepts only. As a result, a 
kind of noise spectral shaping via negative feedback meclranism could 
address Iiidden secrets of the eflicient neural coding. (S~~ppor ted  by a 
Colvii~ Fcllon.ship from the Division of Biology of Cattech.) 

SII.,+ potasinnn clidru~el recordingi using cell-attached and outs~doo~it  
parcl& ivere carried out on the sotnatic an2 dendritic membranes of ~ k i  
pyri~inidai neurons froiii rat I~ippocarn~al slices. The three most frequeiltly 
e~icouiitered types of potzssium cirannels were a transient, A-type channei, 
delayed-rectifier channel, and a large conductance, calcium-drpendent than- 
ne!. Tlie transient, A-type cliannel is activated by moderate depolarizatinil 
frou tlir resting potential and has a single-ri~aiinel conductance of 7-10 pS. 
hlicroii~olar concentrations of 4-amiilopyridine inhibit thc current. The num- 
bcr of clrannels per patch has ranged from 2 lo greater t1ra11 100. I~~activatioi~ 
is ~iiostly voltage-independent with time constants of inactivation hetweci~ 15 
a i d  20 ms. A second, coiumonly ohscrred pot,lssiunl clia~~iiel is a delayed- 
rectifier type. The delayed-rectifier is not encountered as frequently as the 
A-type cha~uiel. This delayed onset channel has a single-clla~n~el conductance 
of approximately 20 pS and is activated at potentials positive to 4 0  mV, 
more depolarized than the A- typ~  ci~annel. Another frequently observed out- 
ward current cliannel is inferred to be a calciunl-dependent potassiiiix~ cl~ainicl 
from it's raugc of activiitio~i and single-cliannel conductai~ce. This chaluiel 
exltititcd large unitary currents and siude-cl~annel conductance (90140 pS) 
re~iiii~isceiit of tlie HI< or ~naxi-I< cl~anilels. At poteiitials greatel tl~ail +ti0 
IIIV the siiigle-chai~nrl conductance satnrates, inost likely due to magnesium 
block. (hIH44754, hIH48432, N511535). 

E L E C T R O T O N I C  P R O P E R T I E S  OF N O N - P Y R A M I D A I ,  
N E U R O N S  I N  THE H I P P O C A M P A L  C A 3  R E G I O N .  
R a y m o n d  A. Ch i twood-  a n d  Dav id  R. Jaffe ,  D iv .  o f  Life Sci., 
Univ.  of Texas  at S a n  Anton io .  S a n  Anton io ,  T X  78249. 

Inliibitosy nei~rons control firing activity in biological nenral net- 
works. We Imvc beei~ stirdying tire propertics of non-pwaiuidal neurons 
in the four extra-pyran~idal subregions, s. i o r i~ i~osnn~-n~ i ) i r c~ i I~ i i ' ~ ,  s. m- 
dioluiii, 9. iiic~(i?irn and Y. OI.KIZS. of liippoca~irpal a rm CA3. 

Whole-rpll c~~r re~ i t - c l amp rccotdingi \vcrr niadc from non-pyramidal 
iieurous in 14-28 d?ty-old rat l~ipporanipal slices. For cclls in all ibur 
rcgions, ilrc mean iuput resistance ( R A T )  was 321 I\IR k 218 and the 
inran slowest uu:~rll~rane tinic constant. measoreil within t lie linear range 
of the n i c ~ n b r a ~ ~ e .  wai  (i': 111s 5 3.5 (mcan + S.D.. 11=96). A l l  lliouglr 
there was largr. variance 1,etwwi iiriironi in each su!,-firld. tliere was no 
significant difrere~icr in pa.;sivc ineni!xxic propertics betwrcn the four 
subregions. 

A sohsrt 01 cclls were iabelrd with liioc?tin or Neurobiotin for inor- 
plronietrii. aualybis. I':lectrotonic analysis of roinp;i~inrental niodels con- 
striirted f~oi i i  tliesc data was perforlncd using XEUllOS.  Ils  of tile 
modelcil ncinons w r i .  within 20% of ~ncasni-ed values ill 12 of 24 crlls. 
Elertroto~iic ar~aiysis sirggrsts that ,  iii  spite of tlicir relatively sliostcr 
and more linriied hranrliing dcndritir tree., t11t.re is significant voltage 
attri~iiatioii froin niost dendritic Iocaiioiii i o  tlrr soma. 

This work t ias suppoitcil I]? the NSI2-IDS !)51130(1. 

Focal photolysis of caged Ca using two-photon excitation 
Christian Luscher*. Peter Lloo. Hans-R. Liischer & Ernst Niaal~, 

Department of Physiology, Univers~ly of Bern, Switzerland 
Suhccllula~ C a  signals arc a colnrnon feature of many cell types including 
neurons and myocytcs. 1-1a.c we describe the use of a Ti-sapphire lascr yield- 
ing two photon photolysis (TPP) of cagcd Ca, in a very small voluinc (sub- 
fcmtoliter). The energy of the li-sapphire laser (wave length 700 nm, pulse 
duration 75 fs, repetition rate 80 MHz, output energy 150 mW) was rcdoced 
by a polarizing filter to 8-70 m W  and padocally, coaxially combined with an 
argon laser (514 nm, 2 m!V) of a confocal laser scanning microscope (CLSM) 
to detect the ~ l e a s c d  Ca. Cultured hippocampal neurons of the rat and guinea 
pig cardiac myocytcs w c ~ e  dialyzed with Fluo-3 (0.1 mM, 0.25 Ca) and D M  
nitroplien ( I  mM) in die whole-cell configuration of the patch clamp tech- 
nique. High temporal rcsolulion (50U Hz) was obtained in the line scan mode 
of the CLSM.-The th~ec-dimensional point spread function was determined 
in the rellection mode or using fluorescein. 111 vitm full width at half maxi- 

LOCAL DENDRITIC CALCIUM TRANSIENTS CAUSED U 
SYNAPTIC EVENTS IN HIPPOCAMPAL NEURONS. K.N. 
%nowski and C.F. Stevens. Computational Neurobiology, a1 
Neurobiology Laboratories, Salk Institute, 10010 N. Torrey Pines R 
Jolla, CA 92037. 

Spontaneous, action potential-independe~~t calciurn tr 
observed in dendrites of cortical neurons, and are presl 
by spontaneous transmitter release (Science, 263529). 
mechanisms iuvoived in these presumed miniature syn 
sients (MSCTs), we perforn~ed high-temporal resolutio~ 
of cultured hippocampal neurons filled with 50 p 
pipette. MSCTs were observed at restin 
presence of TTX and no added Mg", and 
spontaneous vesicle release. MSCTs persiste 
blocked by 10 &iM DNQX, and calcium ch 
cadmiurn. MSCTs were blocked reversibly 

cytoplasm way slow (decay I = 90 nx, i.= 8.7 pm)-In contrast TPPled to a more 
conlined 0. = 3.2 pm), rapidly reversible (i = 24 m) C a  spreadhg in cardiac 
myocytes, and occasionally higgered propagating C a  waves. These findings 
suggest that uncagcd C a  is sufficicnl lo activate Ca-induced C a  release 
and subject to an active reuptake of C a  in cardiac myocytes, whereas in 
the neurons investigated uncagcd C a  mainly spreads hy diffusion only. 
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